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ABSTRACT

Within the realm of climate and environmental sciences, stakeholder engagement has traditionally been

given a relative low priority in favor of generating tools, products, and services following the longstanding

practice of pushing out information in the hopes users will pull it into their decision toolkits. However, the

landscape is gradually shifting away from that paradigm and toward one in which the stakeholder community

is more directly involved in the production of products and services with the scientific organization. This

mutual learning arrangement, referred to as the coproduction of knowledge, has been applied to two user

engagement activities within the National Oceanic and Atmospheric Administration (NOAA) National

Centers for Environmental Information (NCEI) and the NOAA Office of Coastal Management (OCM)

Coral Reef Conservation Program (CRCP). The iterative nature of such dialogues helped scientists within

NCEI andOCM to better understand user requirements and as a result generate climate information that was

locally relevant and regionally applicable. The recent engagement activities exemplified the benefits of a

robust and sustained relationship between climate scientists and the user community. They demonstrate that

the interactions between the two led to the empowerment of the local community to shape and mold climate

information products as well as further enhancing user buy in of these products and services with which local

agriculture and food security, disaster risk reduction, energy, health, and water decisions are beingmade. This

coproduction of knowledge model for user engagement activities also serves to build trust between the sci-

entific and user communities.

1. Introduction

A simple web search for the phrase ‘‘climate in-

formation’’ yields a myriad of results, from detailed

climate analysis provided by the National Oceanic and

Atmospheric Administration (NOAA), the National

Aeronautics and Space Administration (NASA), and

even a tutorial explaining the differences between

weather and climate. Taking this search one step further

introduces social media platforms, such as Twitter or

Facebook, and suddenly society’s capacity to learn and

share climate information grows with each person

(Ripberger et al. 2014). For the climate scientist, the

suite of information available online is abundant, clear,

and adheres to the rigor imposed by the scientific com-

munity. However, for the water resources manager

seeking information on whether his reservoir will go dry

in the next 3–6months or for a coastal city port authority

seeking information on unusually high tides, the amount

of climate information online (and in print) is truly

staggering. Finding the material is the simple step;

screening, interpreting, and distilling it to actionable

information are the challenges (Clark et al. 2016).

In these examples, both the water manager and the

port authority are users. For the purposes of this article

and following the terminology defined by Freeman

(1984), a user is defined as someone who directly uses an

organization’s products and services to inform a decision

that may lead to action. What this example scenario

lacks is a bridge between the science and the user—

someone to translate the scientific information from a
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3-month seasonal climate outlook to the user for their

decision-making purposes. Similarly, the user may be in

need of a 3-month seasonal outlook but perhaps in a

location-specific tabular form versus a graphical in-

terface. Yet, the scientist is currently only producing the

graphical version and is unaware the existing visual is

not meeting user needs. User engagement is a mecha-

nism that can bridge this gap. This process of user en-

gagement allows users across multiple sectors to interact

to gather requirements, discuss uses and applications of

an organization’s products, and engage in continuous

dialogue to improve the products to meet customer

needs (Gibbons 2000). In the end, this continuous di-

alogue between the scientific and user communities aims

to ensure that the user is getting the information they

need in a format that enables them to take action, while

the scientist is using the latest technologies and methods

to generate information based on an understanding of

user requirements.

It is our contention that user engagement of this

nature remains a highly underutilized tactic for asses-

sing the performance, applicability, and usefulness of

existing, and future, climate information products and

services. Perhaps one fundamental reason for the un-

derutilization stems from the long adhered to model for

how science operates. In 1945, V. Bush authored a

manuscript that argued in favor of the separation of

science and the user community in order to ‘‘maintain

objectivity and credibility. . .of the science’’ (Bush 1945).

Furthermore, this model relies on knowledge produced

in university settings and ignores other sources of

knowledge and disciplinary perspectives (Gibbons et al.

1994). As a result, the development of science, in-

formation, and knowledge has been dependent on this

model for the last 701 years and is entrenched into day-

to-day science activities and research. Consequently,

operating on a new model, one that works to engage

with society and the community, requires substantial

reversal of current procedures and adaptation to a new

regime. To encourage the scientific research community

to break the chains of this practice thus requires a full

paradigm shift away from the university setting and out

toward the community, where different perspectives,

knowledge, and disciplines exist. The literature suggests

that this is best accomplished through the participation

of and input from a multitude of users and stakeholders

in a way that enables them to help shape and refine the

content and format of products and services (e.g., Jacobs

2002). However, successful user engagement requires

time, resources, effort, and the ability to build relation-

ships (Rickinson et al. 2011).

Demonstrating actual use cases in support of the co-

production of knowledge addresses an existing knowledge

gap in this area as stated byReed et al. (2014) andMeadow

et al. (2015). To that end, this article showcases the suc-

cessful application of, and output from, the coproduction

of knowledge user engagement model through two

uniquely successful activities led by the NOAA National

Centers for Environmental Information (NCEI) and in

partnership with the NOAA Office of Coastal Manage-

ment (OCM) Coral Reef Conservation Program (CRCP).

The first activity is a series of drought amelioration and

termination workshops coordinated by NOAANCEI and

the National Integrated Drought Information System

(NIDIS). The second is a series of in-country dialogues

held in the islands of the Pacific during much of 2014 by

NOAA NCEI and NOAA CRCP. Each of these en-

gagement activities exemplified the benefits of a robust

and sustained relationship between the scientific and user

communities. The final section of the article highlights

lessons learned and recommended best practices for con-

tinued successful user engagement.

2. Understanding the coproduction of knowledge

FollowingReed et al. (2014), there exist five principles

for effective knowledge exchange. Applying those five

principles to the case of climate scientists offers the

following:

1) Design—Does a communications strategy exist?

Does the project allow for flexibility to stakeholder

feedback?

2) Represent—Has the project leader identified likely

users and embedded them within the research?

3) Engage—Is there an understanding of what moti-

vates the user group to participate? Are there

opportunities for informal interaction and learning

between the users and the scientists?

4) Impact—When is the best time to conduct user

engagement for each project?

5) Reflect and sustain—How often should the scientist

revisit the user group to assess effectiveness? Is there

an understanding of what user needs persist after the

research has ceased?

The application of these five principles outlined by

Reed et al. (2014) provides a concrete pathway along

which successful knowledge exchange can be done. For

more information on knowledge exchange in interdis-

ciplinary and multistakeholder research areas, the reader

is referred to Fazey et al. (2014).

There is a variety of existing user engagement strat-

egies to choose from when addressing the questions

posed by Reed et al. (2014). Presentations at workshops

and conferences with a question and answer period af-

terward are one very common approach in the weather
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and climate sciences. According to Rickinson et al.

(2011), this approach brings the scientific knowledge to

the user and offers an immediate check of the validity of

the science while collecting additional data from the

audience-driven feedback. Another strategy often used

is needs assessments, which include interviews either in

person or by phone to have users answer questions about

what products and information they need to make de-

cisions.While thesemodels offer a big picture perspective

for user engagement, users in these models are typically

brought in only as a means to ‘‘serve a predetermined

research agenda’’ (Rickinson et al. 2011, p. 33).

In light of the differences between these user en-

gagement approaches, there is one model we find to be

the most effective at drawing out requirements, referred

to as the coproduction of knowledge (Studd 2002;

Chilvers 2008; Pohl 2007; Meadow et al. 2015). In 2009,

Carney et al. found that during engagement activities

featuring coproduction of knowledge, the engagement

often encouraged a wider array of input from various

communities (than otherwise might have been consid-

ered by the researcher alone) and led to discussions of

uncertainties in climate change research, especially in

the stakeholder region. In addition, the coproduction of

knowledgemodel tends to encourage buy in and support

from stakeholders and fosters mutual learning from

both the stakeholder and the scientist (Carney et al.

2009). Coproduction of knowledge is an effective way to

advance collaboration between scientists and decision-

makers and exhibits three key elements: 1) it establishes

long-term relationships between scientists and stake-

holders, 2) it facilitates an open and iterative process of

two-way communication, and 3) it focuses on usable

science (Lemos and Morehouse 2005; Dilling and

Lemos 2011; Meadow et al. 2015).

Collectively, the literature emphasizes the importance

of establishing, building, and maintaining project–

stakeholder relationships as part of the coproduction

of knowledge. These relationships can be sustained by

building reciprocal trust through ‘‘improving commu-

nication skills, behaving reliably, showing commitment,

being sincere, and working towards reaching project

milestones’’ (Karlsen et al. 2008, p. 1). As such, the

participation from the community requires interactions

in the research process, including defining the problem

and formulation of research questions, all the way to

analyzing the results and developing usable information

(Gibbons 2000; Kirchhoff et al. 2013). This creates a

positive feedback loop (also called iterativity; Lemos

and Morehouse 2005) where users and stakeholders are

able exchange information thereby creating ‘‘more rel-

evant and usable information for solving problems and

improving the fit between what users want and what

science can offer’’ (Kirchhoff et al. 2013, p. 11). In

turn, this generated more ‘‘buy in’’ from stakeholders,

improved trust between scientists and the users, and

improved communication. Such interactions allow the

users to build a portfolio of information to manage

the uncertainty in their specific decision (Kirchhoff

et al. 2013).

The principle of iterativity describes the capacity to

‘‘sustain ongoing flows of information and participation

between science and decision makers’’ (Lemos and

Morehouse 2005, p. 61). In that article, this principle is

used to describe the interaction between science and

policy, and in 2011 Dilling and Lemos discussed modes

of science production, revisiting the importance of

iterativity in stakeholder engagement where there is a

push of data and information from scientists and a pull

of information from potential users. In this model, sci-

entists iteratively work with users to refine their climate

products and services, while users offer feedback on the

utility and applicability of said products and services.

This is the embodiment of the coproduction of knowl-

edge, the output fromwhich often better aligns with user

needs than that which might have been produced by

scientists alone (Dilling and Lemos 2011). The result is a

product that is truly actionable, providing information

that helps address a societal problem through the dem-

onstration of mutual learning and the iterative, back-

and-forth nature to the product refinement and thus the

term coproduction of knowledge.

Reed et al. (2014) continue this discussion and

strongly suggest that successful user engagement and

knowledge exchange should be designed as part of the

research process (rather than an afterthought), inclusive

of inputs from both the research users and stakeholders.

As part of this process, the intended outcomes, Reed

et al. (2014) argue, should be made clear with reasoning

and explanation as to how and why those activities will

deliver outcomes. In the end, they found that this pro-

cess was essential to foster a sense of trust and create a

sense of shared ownership in the research questions and

findings. A study by Beierle (2002, p. 747), who exam-

ined the value of user engagement on the quality of

environmental decisions, found that ‘‘most of the evi-

dence points toward quality decision making from

stakeholder processes.’’ That study goes on to say that

the more intense the interaction or engagement with

stakeholders is, the more likely the project will result in

higher-quality decisions. This is further supported by

Meadow et al. (2015, p. 179), who demonstrated that

‘‘when knowledge is coproduced it is more likely to be

accepted and used by decision makers.’’

The following two sections focus on the application of

the coproduction of knowledge to two very different
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geographies, cultures, and informational needs. These case

studies exemplify not only the time commitment needed for

successful coproduction of knowledge, but also the iterative,

back-and-forth nature to the dialogue and its outputs.

3. Coproduction of knowledge and drought
information

In 2014, Werner et al. prepared a service assessment of

NOAA’s drought information services to stakeholders

impacted by the historic California drought (Werner et al.

2014). The goals of the assessment were to identify gaps in

services and opportunities for improvement to support

decision-makers impacted by the drought. Previous ser-

vice assessments generally focused entirely within the

NOAA National Weather Service (NWS) and on

weather events such as tornados, hurricanes, and floods.

Service assessments had generally not focused on long-

duration events such as drought or more broadly across

NOAA. An assessment team of 10 professionals across

NOAA conducted interviews with over 100 stakeholders

to gather insight into their drought information needs.

The team focused on stakeholders in water resources,

agriculture, and fisheries. Interviews focused on which

decisions were being made and what went into making

those decisions. This tactic is consistent with other

requirement-gathering efforts across the discipline, in-

cluding work by Finucane et al. (2013), who targeted

freshwater resource managers. In both instances, users

were asked about the politics, infrastructure, and in-

fluences in their decision-making, and, in the case of the

California drought, the extent to which NOAA’s services

helped decision-makers make better decisions. Impor-

tantly, these needs assessments started a conversation

that could be leveraged for other projects to continue to

assess the community’s needs for rainfall and drought

information. One significant takeaway from this drought

service assessment was that users wanted information on

drought termination. They asked questions like ‘‘How

much rain will it take to end the current drought?’’.

Recognizing this as a user requirement in 2014, NIDIS

spearheaded the first iteration of this effort and

commissioned a research project led by NCEI to de-

termine the usefulness of existing drought termination

tools and what changes were needed to the existing suite

of products.

To that end, a drought amelioration user engagement

workshop (effectively the second iteration of this effort)

was conducted in Orange County, California, in Sep-

tember 2015 with the media, general public, political

leadership, and other key stakeholders to identify

sector-specific requirements aimed at enhancing the

drought amelioration web resource product suite.

Themorning session of the 1-day workshop featured a

facilitated discussion during which the participants went

online and worked through the NCEI drought termi-

nation and amelioration tool.1 Feedback gathered

throughout the session determined that the website was

difficult to navigate and understand. Following the back-

and-forth nature of the coproduction of knowledge

model, workshop participants were given an opportu-

nity to vote on a variety of their identified suggested

changes for the website, relying on their experiences and

sector-specific needs for drought information. This was

important because dozens of requirements were iden-

tified during the session. Rather than the scientists de-

ciding the priority of each requirement, the workshop

attendees decided among themselves, through this vot-

ing exercise. The changes that garnered the most votes

included moving toward a high-resolution gridded

dataset instead of (long used) climate divisions, im-

proving the graphical presentation of the maps (adding

zoom-in capabilities and improving the legends), adding

more identifying information to the online data files, and

streamlining the information in the introduction to

the tool.

In the next session, another component of the co-

production of knowledge model was used: storytelling,

which has been shown to facilitate the building of re-

lationships between users and researchers (Bickmore

and Cassell 2001). Here, workshop participants shared

their knowledge of drought, their favorite go-to tools,

and actions taken during a drought within their specific

discipline. In addition, breakout groups were identified

by sector; some represented local media (news station

reporters, on-air personnel) and some were from local

water municipalities, while others represented acade-

mia. During a report-out session in plenary following

the group activity, nearly all of the workshop partici-

pants agreed that the information presented in the

NCEI tool was not relevant to drought recovery in

California, while others found it to be useful for as-

sessing drought recovery in the Midwest. This same

discussion revealed that the drought recovery tool

could be further improved if it incorporated additional

indices and variables, including snowpack, precipita-

tion/streamflow needed to restore reservoir levels and

groundwater levels, and precipitation needed to re-

store deficit loss since beginning of the drought. Some

asked if a new drought recovery index could be created

that incorporates existing drought and water resources’

indices.

1 http://www.ncdc.noaa.gov/temp-and-precip/drought/recovery/

current
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By the end of the workshop, it was clear that the co-

production of knowledge model applied in this user

engagement workshop was successful. We were pro-

vided invaluable insights that included revelations on

some of the misunderstandings and semantics around

the maps, plots, and descriptions on the NCEI drought

amelioration tool. We also learned about differences in

what constitutes a drought from the perspective of each

sector and how drought information is relayed to their

constituents. From the user perspective, users gained

knowledge about new and upcoming regional drought

and climate products from other NOAA offices, in-

cluding the Western Regional Climate Center and the

National Weather Service River Forecast Centers. In

addition, a whole session was devoted to informing them

on the impacts from what was an expected El Niño
during the 2015–16 California water year. Together, the

discussions illuminated new concepts, including the

strong desire for a drought index that takes into account

the water resources infrastructure. Furthermore, the

discussions highlighted the perceptions in drought ter-

mination versus amelioration, where wealthier counties

viewed drought termination as more important than

drought amelioration, while in less affluent counties,

drought amelioration products were favored over drought

termination products. Quite simply, neither we nor the

workshop participants would have learned these things

had there not been this back-and-forth nature to the

discussions. Based on this feedback from the workshop

participants, the NCEI drought amelioration and ter-

mination website has been modified for cosmetic and

documentary changes. The text is more streamlined,

map legends have been revised, and the raw data are

now available in more than just plain text file format.

To address the initial user-identified concern in the

variation in drought intensity and spatial extent among

the NOAA drought termination products, a gateway

web page2 was developed by NCEI climate scientists

that discuss the differences between the various NOAA

drought termination products and their appropriate uses,

especially between other NOAA monthly drought ter-

mination products.

Finally, the third iteration of this effort featured a

follow-on drought amelioration workshop that was held

on 2 June 2017 in Lake Tahoe, Nevada, titled ‘‘Do

Floods Terminate a Drought? AWorkshop on Drought

Recovery Tools, Perspectives, and Situational Aware-

ness.’’ The purpose of this workshop was to reengage

with participants and a new suite of users to determine if

the changes made to the NCEI drought amelioration

and termination tool improved any actual decision-

making in the real world. There were two dozen per-

sons in attendance representing a variety of disciplines

(Tribal Leaders, Bloomberg News, California State

Climate Office, the NOAA National Weather Service,

the California Bureau of Reclamation, the Desert Re-

search Institute, etc.). The morning of the workshop

provided the users with hands-on experience with the

revised NCEI drought termination and amelioration

tool (demonstrating the flow of information from user to

scientist). Participants stated that the revised tool would

indeed help inform their decision-making, especially

with respect to the ‘‘projected drought’’ section of the

website, where NOAA seasonal forecasts are used to

compute a projected value of the drought indices on the

website. The knowledge exchange was reversed in the

afternoon session as the scientists provided details, sta-

tistics, historical perspective, and the scientific back-

ground behind the anomalously wet 2016–17 water year

and addressed the question posed in the title of the

workshop. Prior to the workshop, there was some

question whether a drought recovery workshop was

even necessary or relevant given the abundant rain and

snow that hit California and Nevada during the 2016–17

water year. However, as it turned out, many of the

participants were already preparing for the next

drought. In this regard the discussion of the drought

amelioration tool was exceptionally timely. The enthu-

siasm from the participants was epitomized when, at the

end of the workshop, they specifically requested a fourth

iteration of this effort by holding another drought

amelioration workshop in Boise, Idaho, in 2018, where

different sectors could be targeted, including farmers,

water managers, and other users of the Snake River.

The iterative nature to this work is central to its suc-

cess and helps 1) continue to improve the application of

climate science to decision-making and 2) drive science-

and data-focused tool improvement in ways that are

both scientifically important and ultimately applicable

to decision-making.

4. Coproduction of knowledge in Pacific small
island developing states

Pacific leaders, such as the president of the Republic

of the Marshall Islands and the president of Kiribati,

continue to call for assistance as they strive to understand,

predict, and adapt to a changing climate [see the 2017

conference proceedings of the Pacific Risk Management

Ohana (PRiMO) at https://coast.noaa.gov/primo/]. The

development and delivery of actionable information

about climate patterns and trends—and their impacts

2 http://www.ncdc.noaa.gov/temp-and-precip/drought/recovery-

tools/
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on communities, businesses, and ecosystems—is es-

sential tomany aspects of policy, planning, and decision-

making. NOAA, in cooperation with the Department of

State and the U.S. Agency for International Develop-

ment (USAID), undertook a program from 2012 to 2014

to support climate change adaptation in the Pacific small

island developing states by conducting a series of activ-

ities to enhance scientific and technical capacity. The

ultimate goal was to improve the delivery of climate in-

formation while establishing a mechanism for sustained

communication, engagement, and partnership in the Pa-

cific Islands. This was accomplished by identifying needs

at a regional scale, subregionally refining the ideas, and

then engaging in in-country dialogues (Fig. 1). Those di-

alogues set into motion country-specific programs and

activities, which feed back to the regional level through

mechanisms such as the Pacific Islands Climate (PICs)

panel under the Pacific Meteorological Council (PMC)

and Global Framework for Climate Services (GFCS)

processes. In the case of the example that follows, this

iterative process has continued with follow-up work and

dialogues in the countries, through small grants, after the

initial project and funding ended.

The project initiated with the Pacific Islands Climate

Services Forum in Suva, Fiji, in 2013. The goal of the

forum was to raise awareness and engage in a dialogue

about climate services and to strengthen and build new

relationships between producers and users of climate

information to address issues of critical importance in

the region. Over 200 participants from more than 30

countries, including representatives from over 25 in-

stitutions, regional organizations, and donors involved

in climate services in the region attended. Key recom-

mendations from the forum included the following:

d To focus on the transformation of information by

placing it in the local context so that it was easily

accessible and understood. This included aggregating

multiple sources of information into one product or in

one place.
d To ground products and services development and

delivery in the iterative coproduction of knowledge,

highlighting not only the importance of combining

local and traditional knowledge with the latest climate

science and information but working side by side to

develop those products and services.
d To align and coordinate activities with climate service

providers in the Pacific region.

The other key outcome of the forum was a growing

understanding that while the intended project focus was

on long-term projections and scenarios to inform adap-

tation, the impending El Niño resulted in a request from

users to focus on the shorter-term seasonal forecasts

(climate variability) that would inform their climate early

warning systems.

Based on the outcomes of the regional forum, the

approach was refined subregionally through facili-

tated interactions and three focus areas were identified:

1) freshwater resources and drought, 2) community

resilience and sea level rise/coastal inundation, and 3)

sustaining coral reef ecosystems. The need for in-country

dialogues was confirmed; these were planned and facili-

tated in partnership with key agencies on the ground and

brought together generators of climate data and in-

formation, with those from local agencies that could

translate that information and with those that transmit

the information to the public.

The in-country dialogue process evolved during the

project. Basically, 2 to 3 months of working with

the local planning team culminated in 4 to 5 days on the

ground to share and learn from one another. An im-

portant aspect of the process was developing an un-

derstanding of what impacts were being felt, how

decisions were made, how information flowed, and what

information was missing. Working through this in-

formation resulted in the identification of programs and

FIG. 1. Process of sustained engagement in the Pacific Islands.
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activities to strengthen climate services in the country.

Over the course of 6months in 2014, dialogues were held

in five countries, spanning the three focus areas with the

involvement of representatives from seven additional

countries:

d Republic of the Marshall Islands in April 2014 (with

additional participation from Micronesia and Palau);
d Vanuatu in June 2014 (with additional participants

from the Solomon Islands, Papua New Guinea, and

the Republic of the Marshall Islands);
d American Samoa in July 2014 (with additional partic-

ipants from Samoa and Tonga);
d Samoa in August 2014 (with additional participants

from American Samoa); and
d the Cook Islands in September 2014 (with additional

participants from Kiribati).

Dialogue planning began as a conversation with the

national Meteorological Offices, who determined topic

and issues of focus and identified key agencies (e.g.,

fisheries, agriculture, water resource, natural resource,

and coastal zone management) to be part of the team to

design the dialogue. A key step was to then identify the

transmitters—those trusted voices that can engage with

the community whether it be the local minister, a local

nongovernmental organization (NGO), theater group,

village chief or elder, fishers, local marine management

area, or park managers—and ask them to take part as

well. Finally representatives from other regional orga-

nizations and donors whowere doing related work in the

country were asked to participate. The wide variety of

backgrounds represented at these dialogues helped

foster the coproduction of knowledge, not just between

the climate scientists and local meteorologists who

hosted the meetings, but also between the local partici-

pants as well.

The dialogue itself is composed of four steps designed

to maximize user input: 1) a predialogue technical ex-

change, 2) sharing climate knowledge, 3) diagnosing cli-

mate services, and 4) building climate stories (climate

services dialogue process; Fig. 2). Documentation of the

process and materials needed to carry out this user engage-

ment process can be found in the Pacific Islands Climate

Storybook (NOAA 2015). Each step is explored below in

the context of the work in Vanuatu with the Vanuatu

Meteorological and Geo-Hazards Department (VMGD).

An initial dialogue was held in June 2014 in Vanuatu.

This resulted in a plan of engagement to strengthen the

Vanuatu Climate Early Warning System with a focus on

coral reef ecosystems and fisheries given their impor-

tance to coastal protection and food security. Specifi-

cally, VMGD identified the need to hold a follow-up

dialogue with the Vanuatu Fisheries Service on climate

impacts. They wanted to update their ENSOHandbook

for the Marine Sector with possible El Niño or La Niña
impacts and actions to reduce the effects of those

FIG. 2. Method of the climate services dialogue process used and refined in the Pacific region during the 2014

in-country dialogs.
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impacts on the community. Finally, there was need for a

technical transfer between NOAA and VMGD in-

formation technology (IT) and product development

staff to assist them in integrating NOAA data into their

Climate Early Warning System. Additional funding to

continue the iterative process in 2015 was secured.

The second dialogue was scheduled for 2015 but was

postponed until May 2016 because of the impacts of

Tropical Cyclone Pam. The first step in this round of

dialogue was a predialogue technical exchange with

the planning team. The goal of this interaction is to

work with a small subset of local technical partners to

describe and diagnose the state of existing climate

services delivery and to define and refine the objec-

tives for the dialogue before the full suite of partici-

pants join. In the case of Vanuatu, we worked primarily

with the VMGD Climate Services Division to under-

stand what satellite and other data and information

streams were being pulled in, what their IT infrastruc-

ture and programming capacity was, and what the goals

for strengthening their marine climate early warning

system were.

The second step, sharing climate knowledge, kicked

off the full dialogue with participants from the fisheries

department, local business owners, fishers, community

members, as well as scientific and technical partners.

Participants shared experiential- and science-based

knowledge on climate-related events and impacts from

their past experience. This information is the basis to

inform future products and explore best practices in

effective delivery of information to inform decisions that

can reduce impacts to communities during events.

In the third step, participants diagnose climate ser-

vices by describing existing climate services and in-

formation and assessing the capacity of those services to

support early warning for specific events. This was done

by using a specific recent climate-related event to review

existing decision-making processes to identify actions

and information to strengthen early warning and re-

sponse; in this case, Vanuatu focused on coral bleaching

and the impacts of Tropical Cyclone Pam.

Finally, in the fourth step, building climate stories,

participants explored techniques in climate communi-

cation; built their draft stories (case studies) to com-

municate key messages, best practices, and lessons

learned; and finalized steps to improve and support cli-

mate services. The story development process was ini-

tiated at the dialogue where stories are selected and

drafted (Fig. 3). The stories are finalized postdialogue

after a literature review is completed, and links to rel-

evant key messages are highlighted in partnership with

the local author. Each dialogue developed and refined

specific key messages and best practices that helped

align the science with on-the-ground actions. Impor-

tantly, these key messages were a fundamental outcome

of the dialogues and were embedded throughout the

story process.

During the second dialogue in Vanuatu, four out-

comes were accomplished, and the next iteration of ac-

tivities was identified. Technical experts from NOAA

and the University of Hawaii worked with VMGD

technical staff to find and retrieve remote sensing data

and build the code to develop a product based on a set of

indicators and thresholds that provide indication of

areas of coral reef that could be at risk for bleaching.

Work with the Vanuatu Fisheries Department, local

fishers, and dive tour operators, and so on, resulted in a

strategy to build out a nearshore pelagic fisheries and

safety monitor within the climate early warning system

to help community fishers safely and efficiently access

tuna. This included an exploration of key indicators for

the early warning system such as chlorophyll and sea

surface temperature thresholds based on the scientific

literature associated with those indicators and other

oceanographic data that would be necessary. A draft of

the marine sector impacts and actions for their ENSO

handbookwas completed. Finally, an inauguralNational

Statement of the Impacts of El Niño and Tropical Cy-

clone Pam on the Marine Sector and a Climate Marine

Bulletin and Outlook for the Fisheries Department were

completed. Both of these products already had corol-

laries for the agricultural sector in Vanuatu. Since this

engagement, Vanuatu has continued to mainstream the

outcomes of the work we have done. The outcomes of

the technical exchange and dialogue have been in-

tegrated into the recently released Framework for Cli-

mate Services [Secretariat of the Pacific Regional

Environment Programme (SPREP) 2016], one of the

first of such plans in the Pacific Islands. They continue to

work to incorporate NOAA and other data into their

climate early warning system and website.

The work in Vanuatu is a prime example of how an

iterative process of user engagement strengthens cli-

mate services. Three key outputs emerged from the di-

alogues, as follows:

1) a better understanding of the state of national cli-

mate early warning systems and steps identified to

strengthen these services through an iterative process;

2) a significant increase in regional coordination and

collaboration among programs and partnerships

across the Pacific, including national governmental

counterparts, regional organizations and networks,

and stakeholders in multiple sectors; and

3) follow-up on the recommendations of past dialogues

and continuation of the iterative process to generate
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feedback on existing climate products produced by

NOAA NCEI.

Feedback on existing climate products included a re-

quest from users related to indicators of climate change

and variability (heavy rain events, extreme tempera-

tures, unusually windy periods, etc.). They asked for an

easy-to-digest format so that someone without an ad-

vanced degree in the science of weather and climate can

readily identify what is happening locally and poten-

tially act upon this information. As a result, climate

scientists produced new graphical displays and then

returned to the users to ensure it met their requirements

for consumption by a nontechnical audience. Much like

the case for the previously discussed drought workshop,

the iterative nature to the Pacific Islands work also

facilitated a continued need for engagement with users

and helped climate scientists understand and implement

periodic improvements to existing climate information,

products, and services to the Pacific region both from

NOAA’s NCEI and OCM.

5. Synthesis and conclusions

User engagement is designed to connect the needs of

the users with the capabilities of the science. While a

variety of user engagement strategies exist for gathering

requirements, the literature advises that interactions

should foster a dialogue among the scientific and user

communities such that the user is getting the in-

formation they need in a format that enables them to

take action, while the scientist is using the latest tech-

nologies and methods to generate information that is

based on an understanding of user requirements. This

approach is most closely aligned with the coproduction

of knowledge model of user engagement. We selected

and refined this back-and-forth user engagement model

as evidenced through the NIDIS drought amelioration

workshop and the climate services dialogues held in the

Pacific Islands. As a result of these interactive and it-

erative user engagement experiences, climate services

users became better informed about the current state

of knowledge about climate variability and its impacts;

more skilled in understanding, translating, and apply-

ing the science behind and consequences of a changing

climate; better able to make use of the technical ca-

pabilities at their disposal to assess adaptation options

and strategies; and, as a result, able to make better

decisions as they set priorities and allocate resources.

Climate services providers (i.e., the hosts of the di-

alogs) became much more informed about what needs

and questions were most relevant and, consequently,

are now better able to match products and services to

user requirements.

FIG. 3. Flow diagram for building a complete climate story as used in the Pacific small island

developing states.
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With an emphasis on engagement and consultation

between service providers and users—to include those

trusted agents who can deliver information to the

public—activities in each of these two cases included

repackaging and dissemination of existing climate-

related products and services; development of new or

enhanced products and services; and the advancement

of subregional and in-country training and core capacity

building. Throughout our engagement activities, we

worked to improve the process to capture the most in-

formation possible while ensuring maximum participa-

tion from the user audience.

The following are some recommended best practices

that were a result of these interactions. While these

recommendations are consistent with those in the

existing literature (e.g., Beierle 2002; Jacobs 2002; Reed

et al. 2014), they reinforce the message of the impor-

tance of and techniques for maximizing stakeholder

interactions:

d Interactions with decision-makers should be made

more deliberate to improve understanding of decision

points and what climate data or services might be

applicable.
d ‘‘Stakeholder participation processes should be tai-

lored to fit the unique needs and opportunities of each

context. . .[recognizing] the social, political, economic

dimensions affecting various stakeholder groups’’

(NOAA 2004, p. 19). Stakeholder participation is an

essential component of any project, as ‘‘stakeholders

view their involvement as meaningful and as making a

difference’’ (Pirk 2002).
d Workshops and dialogues should be less focused on

the presentation of science, instead engaging with

participants in relating major climate and weather

events to local-scale impacts. This interaction can be

used to inform the user community on existing climate

information and products that may be applied to

future analogous weather and climate events. In

addition, this encourages a dialogue where users

illustrate how and where these products can improve

decision-making.
d Maximizing interaction and learning both ways is

essential, whether through facilitated discussions or

other facilitator tools such as small group work,

voting, use of colored dots, and so on. This signals

that the workshop hosts are eager to learn from the

attendees, which in turn can encourage attendees to be

more outspoken and contributory to the overall

objectives of the workshop.

Importantly, this iterative process for user engage-

ment does not negate the need for scientific innovation,

but rather user engagement often leads to innovation

and even helps refine it such that the iterative process

can begin again. Furthermore, the iterative nature of

such dialogues can help generators of climate in-

formation to advance useful, locally relevant, and re-

gionally applicable tools and insights. Applying the

coproduction of the knowledge model for user engage-

ment activities also fosters trust between the primary

scientific organization and the stakeholder community.

Given the demonstrated success of the coproduction of

the knowledge model of user engagement described

herein and the ready-to-use nature of the existing

guidance (e.g., NOAA 2015), we strongly encourage

future user engagement activities to utilize the co-

production of knowledge model, especially in the con-

text of climate information.
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