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ABSTRACT

Over the last 20 years, Regional Climate Outlook Forums (RCOFs) have brought together scientific ex-

perts and stakeholders to produce regional-scale climate information products for society. This article ex-

amines the goals and practices of RCOFs, with a focus on user engagement, in order to draw out practical

lessons for future implementation of RCOFs. Analysis of literature and documents (n 5 72), interviews

with key informants (n 5 25), and participant observation were used in this research. Results show that

approaches to user engagement in the RCOFs vary significantly from region to region and have been

shaped by differences in the priority placed on user engagement relative to the other goals of the RCOFs,

the role of RCOFs in the broader climate services delivery chain, the landscapes of potential users and

institutions, and views about what the role of users can and should be. Findings indicate that approaches to

user engagement necessarily reflect the regional context. This research suggests that more reflexivity about

the current framing of RCOF goals is needed, including how users can and should be involved within

RCOFs and how the benefits and value of RCOFs are conceptualized, assessed, and communicated in

the future.

1. Introduction

Over the last decade, the concept of climate services has

gained increasing popularity (Brasseur and Gallardo

2016). The growing interest in climate services is in-

dicative of broader efforts to make climate science more

responsive to decision-making contexts, as well as ac-

countable to decision-makers and the public, who are the

intended beneficiaries. Yet, on their own, climate fore-

casts do not have any ‘‘value’’ per se; it is only through the

use of climate information for decision-making that value

can be derived (Murphy et al. 2001). At the same time, in-

corporating scientific climate information within decision-

making remains a persistent challenge. The difficulty

of linking seasonal climate forecasts with societal ap-

plications was acknowledged early on (Glantz 1977),

but was more fully realized through early attempts

to practically use seasonal climate forecasts in the

late 1990s, when a range of barriers was identified

(Troccoli et al. 2007; Murphy et al. 2001; Vogel and

O’Brien 2006).

To improve the uptake of science within societal

decision-making, it has been proposed that there is a

greater need for ‘‘long-term dialogues and interactions’’

between ‘‘producers’’ and potential ‘‘users’’1 of scien-

tific knowledge (Mitchell et al. 2006, p. 324). The basic
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1 It is recognized here that the terms ‘‘producers’’ and ‘‘users’’ are

too general to adequately capture the range of actors that are in-

volved in coproduction efforts and are even counter to the notion of

coproduction inwhich all participants are considered knowledgeable

partners engaged in joint efforts to produce new knowledge. Fur-

thermore, the language of ‘‘users’’ and ‘‘producers’’ further re-

inforces power dynamics between actors because it implicitly values

the knowledge of some actors over others and entrenches linear

delivery of information (Daly 2016). However, for simplicity and

because the ‘‘user’’/‘‘producer’’ language is prevalent in the climate

services literature, we will use the terms without quotations for ease

of reading in the remainder of the article, while recognizing their

problematic nature.
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premise of increasing interaction between producers

and users has been around for several decades in the

area of climate information (see, e.g., NOAA 1998;WMO

1997). However, how processes of user engagement are

conceptualized and implemented will have important

implications for whether or not they will contribute to-

ward the production of knowledge that is ‘‘usable’’ for

decision-making and action (Daly and Dilling 2018,

manuscript submitted to Climatic Change).

In this paper, we seek to understand how user en-

gagement has been framed and undertaken within Re-

gional Climate Outlook Forums (RCOFs). RCOFs are

meetings that bring together scientific experts and

stakeholders with the aim of producing regional-scale

climate information products (generally seasonal cli-

mate forecasts) that are relevant for societal decision-

making (WMO 2016). RCOFs represent some of the

earliest attempts to develop formal mechanisms for

sustained interaction between producers and users of

seasonal climate forecasts and are now conducted in

20 regions across the globe. RCOFs, therefore, provide a

valuable opportunity to learn and provide broader in-

sights for the field, which is still assessing how best to

engage with users within the design and development of

climate services.

To do so, we draw on document analysis, interviews

with key informants, and participation in a global

meeting to review 20 years of RCOF activities. We sit-

uate findings about user engagement within an analysis

of the historical evolution of the RCOFs, including their

goals, institutional structures, and practices. In section 2,

we discuss the history of the RCOFs, including their

establishment, expansion, and role as part of the broader

climate services infrastructure of the World Meteoro-

logical Organization (WMO). In section 3, we describe

the methods used to conduct this analysis. In section 4,

we present the results of the research, responding to

these two questions: 1) What are the goals of the

RCOFs? and 2) How are users currently engaged in the

RCOFs? In section 5, we discuss perceptions of per-

sistent challenges faced within the RCOFs and impli-

cations of these findings for user engagement within

RCOFs in the future. Section 6 provides concluding

remarks.

2. The establishment and expansion of regional
climate outlook forums

The RCOFs were conceptualized and initiated by the

U.S. National Oceanic and Atmospheric Administration’s

Office ofGlobal Programs (NOAA-OGP) in the late 1990s

(NOAA 1998) as a means of disseminating and commu-

nicating seasonal forecasts to users, as well as exploring

their potential applications (Buizer et al. 2016). These ini-

tial RCOFs were backed byWMO (Buizer et al. 2016) and

organized and implemented in partnership with a

range of other organizations, including the U.S. Agency

for International Development (USAID), the Interna-

tional Research Institute for Climate and Society

(IRI), the World Bank, the Met Office, the European

Commission, and numerous international and national

weather and climate prediction centers around the

world (NOAA 1998).

The first RCOF was held in southern Africa in

September 1997 (Basher et al. 2000). Following this, the

RCOFs expanded rapidly (see Fig. 1 for a timeline of the

establishment of RCOFs). By February 1998, additional

RCOFpilots were held throughoutAfrica, as well as in the

Pacific, South America, Central America, the Caribbean,

and Southeast Asia (NOAA 1998). RCOFs are now held

on a regular basis—generally 1–2 times per year—innearly

every region of the globe (see Fig. 2), with some

FIG. 1. Timeline of the establishment of RCOFs globally (NOAA1998;WMO2016, 2009a). (Source:WMOwebsite: https://public.wmo.

int/en/our-mandate/climate/regional-climate-outlook-products.)
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countries participating in multiple RCOF events. While

most RCOFs hold physical, face-to-face meetings, sev-

eral RCOFs utilize video conferencing or online forums

to facilitate virtual meetings. At the time of this writing,

there are 20 RCOFs in operation (WMO 2017; see also

Table 1).

As RCOFs have expanded, each has evolved inde-

pendently to fit the regional context, including adapting

to existing institutions, geopolitical relations, and mo-

dalities of cooperation in each location. However, there

have been increasing efforts to standardize the RCOFs

as they have become progressively more integrated

within WMO’s broader climate services infrastructure,

which has three tiers: global, regional, and national

(Brasseur and Gallardo 2016; Martínez Güingla 2011).

Within this system, RCOFs serve as a platform to fa-

cilitate linkages between national meteorological and

hydrological services (NMHS; national level) andWMO

global producing centers (GPCs) for long-range fore-

casting (global level; WMO 2003). Increasingly, RCOFs

are coordinated by regional climate centers (RCCs),2

which are the primary regional institutional mechanism

for climate services delivery under WMO. RCOFs are

also considered important regional components of the

operational climate services information system and

user interface of the Global Framework for Climate

Services (GFCS).

3. Methods

In this study, we examined the role of user engage-

ment within the RCOFs over the last 20 years.We did so

by examining broader goals, practices, and components

of theRCOFs, as well as approaches to user engagement

and implications of these for efforts to engage users in

the development of climate services in the future.

To begin, we conducted a review of academic publi-

cations (n 5 17), as well as gray literature and technical

documents (n 5 55), discussing the history and opera-

tions of the RCOFs. We analyzed these documents

to identify the stated or explicit goals of the RCOFs,

components and practices of the forums, and ap-

proaches to user engagement within the forums. Second,

we conducted both semistructured and nonstructured

interviews with key informants who were involved in the

establishment, implementation, and/or coordination of

RCOFs at the global or regional scale (or both). Third,

the lead author participated in and observed the 2017

Global RCOF Review, a 3-day meeting organized

by the WMO to evaluate the current status and prac-

tices of the RCOFs across all regions, which was held

in Guayaquil, Ecuador, from 5 to 7 September 2017.3

This meeting included presentations reviewing the

components and activities of all RCOFs (including

explicit review of current efforts toward user engage-

ment), as well as in-depth discussions and breakout

group sessions. There were a total of 45 meeting

participants from nearly 27 countries in attendance,

which included representatives from all RCOFs, as

FIG. 2. Map of geographical coverage of the RCOFs (source: WMO website).

2 RCCs can either be a single organization or alternatively

formed through a network (RCC Network) in which multiple or-

ganizations jointly fulfill the requirements and mandates of an

RCC. A key function of the RCCs is to improve the availability of

relevant regional data, information, and predictions (WMO 2003),

including the generation of a ‘‘consensus’’ statement for regional or

subregional seasonal climate forecasts (WMO 2009a). The concept

of WMO RCCs arose in the late 1990s, at the same time that RCOFs

were first being implemented, but it was not until more than a decade

later (2009) that the first RCCs were designated (Martínez Güingla
2011), andmost RCCs have received official approval byWMOonly

in the last few years.

3 http://www.wmo.int/pages/prog/wcp/wcasp/meetings/workshop_

rcofs.php.
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well as individuals supporting the RCOFs at the global

scale.

Within semistructured interviews, respondents were

asked questions about 1) the history and evolution of

RCOFs, 2) institutional arrangements and organiza-

tional roles supporting RCOFs, 3) goals of the RCOFs,

4) components and practices that constitute the RCOFs,

5) user engagement in RCOFs, and 6) efforts to evaluate

the RCOFs. Semistructured interviews were conducted

in person or via phone/Skype using a snowball sam-

pling methodology, whereby the sampling frame was

generated by first interviewing several key informants

who were involved in the initial establishment of

the RCOFs and continue to be actively involved

in the implementation and coordination of RCOFs at

the global scale. We then solicited recommendations

for additional knowledgeable individuals who were

involved in the early conceptualization of the RCOFs

and/or currently play a key role in the coordination

and implementation of the RCOFs to be included in

the sample frame. We conducted a total of 15 in-

terviews between January and August 2017, all of

which were audio recorded and transcribed. An addi-

tional 10 nonstructured interviews were conducted

through convenience sampling (e.g., at conferences

and meetings); these were recorded through hand-

written notes that were then digitized. Interviews were

conducted until ‘‘saturation’’ was reached, such that

interviews began to cover the same data repeatedly

or else did not offer new data (see Rubin and Rubin

2012, p. 63).

This sampling methodology enabled representation of

perspectives from a range of individuals across 1) various

institutional scales,4 2) types of organizations, and 3) geo-

graphical and regional coverage.Of the total 25 interviews,

10 were conducted with individuals involved in RCOFs

primarily at the global scale, while 15 were conducted

with individuals involved primarily at the regional scale.5

Ten interviews were conducted with individuals within

national meteorological services, 11 with individuals

based at international or intergovernmental organiza-

tions, and four with individuals based at universities or

international research centers. Six of the interviewees

were involved in the design and early implementation of

the RCOFs (i.e., since their inception in 1997). In-

terviews were conducted with individuals who had direct

involvement in all RCOFs, with the exception of those

held in Sudano–Sahelian, central Africa, and Gulf

TABLE 1. Global overview of institutional landscape and coordination of RCOFs.

WMO region Outlook forum Geographic coverage Type of coordinating organization(s)

Region I: Africa GHACOF Greater Horn of Africa WMO RCC

PRESASS Sahelian region WMO RCC, regional intergovernmental body

PRESAC Central Africa WMO RCC, regional intergovernmental body

PRESAGG Gulf of Guinea countries WMO RCC, regional intergovernmental body

PRESANORD North Africa NMHS, WMO RCC Network, WMO RCC

SWIOCOF Southwest Indian Ocean

and coast

WMO RCC, WMO GPC

SARCOF Southern Africa Regional intergovernmental body, proposed

WMO RCC

Region II: Asia EASCOF East Asia WMO RCC, WMO GPC

FOCRA–II Asia WMO RCC, WMO GPC

SASCOF South Asia WMO RCC

Region III: South America SSACOF Southeast South America NMHS, WMO RCC Network

WCSACOF West coast of South America WMO RCC

Region IV: North and Central

America/Caribbean

CACOF Central America Regional intergovernmental body

CARICOF Caribbean island countries WMO RCC

Region V: Southwest Pacific ASEANCOF Southeast Asia NMHS, proposed WMO RCC Network

PICOF Pacific island countries NMHS, regional intergovernmental body,

proposed WMO RCC Network, WMO GPC

Region IV: Europe MEDCOF Mediterranean countries NMHS, WMO RCC Networks

NEACOF North Asia and north Europe WMO RCC

SEECOF Southeast Europe NMHS, regional research center

Multiregional PARCOF Arctic Council Member states NMHS, proposed WMO RCC

4 Institutional scales here align with WMO’s three-tiered cli-

mate services infrastructure (global, regional, and national; see

section 1).
5 Because some organizations play roles at multiple scales, they

do not always fit in a single institutional scale (e.g., an individual in

an NMHS can play a key role at the regional or global scale).

Further, some individuals are directly involved in multiple RCOFs

at the regional scale. Therefore, there is often overlap between

levels and geographic scope of involvement.

696 WEATHER , CL IMATE , AND SOC IETY VOLUME 10



of Guinea regions (i.e., PRESASS, PRESAC, and

PRESAGG).6 Attendance of the 2017 Global RCOF

Review Meeting enabled further data collection across

all 20 active RCOFs. Interview notes and transcripts and

ethnographic notes were coded and analyzed using

NVivo qualitative analysis software to identify emergent

themes related to the goals, components and practices,

and user engagement in the RCOFs.

4. Results

a. What are the goals of the RCOFs?

When they were first established, the RCOFs were seen

primarily as venues for the production of regional seasonal

climate forecasts and for representatives from climate-

sensitive sectors to discuss potential applications of climate

information (NOAA 1998). More recently, WMO has

stated that RCOFs involve ‘‘delivering consensus-based,

user-relevant climate outlook products in real time through

regional cooperation and partnership’’ (WMO 2009b).

WMO further emphasizes several specific goals, including

1) production of an operational seasonal forecast at the

regional scale, 2) capacity building, and 3) engagement with

users of the forecast. Interviews with key informants largely

reflected the goals discussed in the literature, with the ex-

ception of scientific consensus, which was highlighted as an

important feature among many interviewees but was less

extensively discussed in the literature. Implicit within the

literature, interviews, and observation was the desired end

goal of improved climate risk management and adaptation,

even though this was rarely recognized as a stated, or ex-

plicit, goal of the RCOFs by WMO.

To date, however, there has been little clarity about how

the multiple goals of the RCOFs fit together. There are

potentially a number of other objectives that the RCOFs

may fulfil—for example, Guido et al. (2014) discuss other

goals such as the quality of forecasts, improved communi-

cation, better policies, and enhanced livelihoods. However,

based on our analysis across multiple data sources, we con-

sider thesemore specific goals to fall under and/or to support

the overarching goal categories of 1) scientific consensus,

2) user engagement, 3) capacity building and networking,

4) production of usable regional climate outlooks on an

operational basis, and 5) improved climate riskmanagement

and adaptation. Within the overview of goals provided in

Fig. 3, goals 1–3 are ‘‘contributing’’ goals, which support the

‘‘core’’ goal of theproductionof ausable, operational climate

outlook. These contributing and core goals are ultimately in-

tended to advance the ultimate ‘‘end’’ goal of improved cli-

mate risk management and adaptation (see Fig. 3).

In our analysis, we find that there are differences in the

relative importance placed on each of these goals among

interviewees, representing varying perspectives among

individuals from different organizations and institutional

scales, as well as across regions. In the remainder of this

section, we will discuss in further detail how each of these

goals was variously interpreted by interviewees, as well

how these goals relate to each other.

1) SCIENTIFIC CONSENSUS

While generally not overtly acknowledged within exist-

ing literature or technical documents [see Dilley (2000);

Hansen et al. (2007); Orlove and Tosteson (1999) for ex-

ceptions], the RCOFs were perceived by interviewees to

be a crucial mechanism for producing an authoritative re-

gional climate forecast through a consensus process. Sci-

entific consensus in the context of the RCOFs refers to the

discussion and integration of multiple sources of climate-

related data and forecast inputs from national, regional,

FIG. 3 . Goals of the RCOFs. Goals are based on stated goals of the

RCOFs within literature and technical documents, as well as the

perceived goals as expressed by interviewees involved in the estab-

lishment, coordination, or implementation of the RCOFs. Arrows

indicate how various subgoals support or contribute to the implicit end

goal of improved climate risk management and adaptation.

6 Previously, there was one primary RCOF for the West Africa

region (i.e., PRESAO), which covered portions of the current

PRESASS, PRESAC, and PRESAGG RCOFs. Therefore, while

interviews did not include respondents directly involved in these

more recently formed subregional forums, several respondents had

direct involvement in the PRESAO precursor. Further, all of these

RCOFs are currently coordinated by the African Center of Me-

teorological Application for Development (ACMAD), as was the

PRESAO precursor, and interviews included multiple individuals

involved in ACMAD and the PRESAO.
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and global scales to produce a single regional forecast

product. While the level of interaction involved in the

consensus process can vary significantly from region to

region, the consensus process generally includes the con-

sideration of 1) the current and projected state of key re-

gional climate drivers, 2) national-scale seasonal forecasts,

and 3) regional- and global-scale seasonal forecasts, all of

which are integrated through a process of subjective

expert interpretation. This iswhy the product of theRCOF

is generally referred to as the ‘‘consensus outlook.’’7

The consensus forecasting approach emerged to achieve

two objectives: 1) to ensure the credibility of the in-

formation produced and 2) to build the legitimacy of both

the process and the products.

The credibility of seasonal climate forecasts can be

interpreted differently by various RCOF stakeholders—

both among different scientists and between scien-

tists and potential users. Emphasis is often placed on

improving technical measures of the credibility of the

forecast, often referred to as the ‘‘forecast quality.’’8

Considerable attention has been devoted to the verifica-

tion of forecasts, andmanyRCOFs calculatemetrics such

as hit rates or skill scores for their forecasts [Interviews

(Ints.) 10, 11]. RCOFs are intended to be a means of

improving the technical quality of the forecast. However,

how quality is assessed varies considerably from region to

region, and there are questions about whether RCOFs

have actually contributed to improved quality of forecasts

in some locations (Mason and Chidzambwa 2009).

Respondents also emphasized other dimensions of

credibility that are addressed through the consensus

process of the RCOFs. For example, many interviewees

noted the importance of leveraging all reliable in-

formation in order to improve scientific credibility, as

well as to avoid confusion andmistrust among users who

may be confronted with conflicting information sources.

As recalled by one interviewee:

It became pretty obvious, pretty quickly, that there
were a few groups that were making forecasts in the

country and in the region, and obviously they weren’t all

agreeing. And so, there was this developing confusion

and concern about, you know, ‘‘Whose forecast should

we listen to?What’s the authoritative forecast?’’ (Int. 10)

Thus, the consensus process was essentially intended

to ‘‘set up a simple ensemble, which is really one of the

earliest straightforward techniques of producing an ensem-

ble, by using as many reasonable forecasts as you could’’

(Int. 8). Developing a consensus was, in fact, seen by many

interviewees as the most important motivation for the es-

tablishment of the RCOFs (Ints. 5, 8, 10, 11, 15, 17, 18).

The consensus process is also seen as important for

enhancing the legitimacy of the RCOF process, as well

as the forecast products themselves (Ints. 8, 10, 16, 17).

In the earliest days of seasonal climate forecasting, it was

primarily universities or research institutions that were

producing seasonal climate forecasts. Many NMHS felt

that this could undermine their mandate as the author-

itative producer of weather and climate information in

their countries. Furthermore, many NMHS were not

keen on having other organizations, whether from

within or external to the region, producing forecasts for

their country, as summed up by one respondent:

The most important thing that had to be addressed
upfront was the national buy-in. . . . If we [climate sci-

entists] were going to produce anything, the individual

countries had to be happy with it, and so that was very

much an overriding consideration of the consensus-

building, at least initially. (Int. 10)

Furthermore, it was recognized that ‘‘theMet Services

like to have their own autonomy and they were not that

keen on Scripps [Institute of Oceanography] or [the]

Met Office or whoever sending the forecasts’’ (Int. 8).

The consensus process provides ameans for all countries

to be directly involved in the production of the forecast,

thereby increasing the legitimacy of the RCOFs.

2) USER ENGAGEMENT

User engagement is also seen as a contributing goal of

the RCOFs. This ranged from simply building aware-

ness of available climate information (Ints. 2, 14) to

ensuring that potential users understand the limitations

of scientific information to interpret it ‘‘properly’’ (Ints.

2, 14, 13, 16, 18). Building long-term relationships and

7 Theproduct generated through theRCOFs is often referred to as a

seasonal or climate ‘‘outlook’’ rather than a forecast. In this sense,

outlooks can best be understood as an integrated assessment of mul-

tiple seasonal forecasts through a process of expert interpretation. The

outlook includes a range of information and analysis that may be

important or relevant to potential users for understanding future cli-

mate conditions; however, the primary component is usually a prob-

abilistic seasonal climate forecast for precipitation and/or temperature

for the region. Therefore, we use the terms ‘‘seasonal climate forecast’’

and ‘‘seasonal’’ or ‘‘climate outlook’’ interchangeably.
8 In the field of climate forecasting, the concept of ‘‘forecast

quality’’ is frequently used. While there is no single, agreed upon

measure for assessing the quality of forecasts, forecast quality

generally refers to standardized, quantitative measures that can

evaluate different aspects to determine how ‘‘good’’ a forecast is in

ways that are meaningful to climate scientists (Hill and Mjelde

2002; Mjelde et al. 1993). While the notion of forecast quality may

be particularly important to forecasters, it can often have little

meaning to nonscientists, who have different ways of assessing the

credibility of information. Therefore, we use the broader term of

credibility here, which is relevant to scientists and nonscientists,

rather than the narrower concept of forecast quality.
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pathways for sustainable communication was also seen

as a reason for engaging potential users in the RCOFs.

This not only allows scientists to become aware of the

needs of potential users, but also enables provision of

feedback about whether current products are meeting

their needs (Ints. 2, 18). Including users within the

RCOF process was also considered a means of jointly

exploring and developing new approaches to seasonal

climate forecast applications (Int. 17). The involvement

of users within the forums was considered a way of en-

hancing the practical use of the information (Int. 14).

Just as importantly, engagement with users was seen as

buildingmutual trust among all participants (Participant

at the Global RCOF Review Meeting).

3) CAPACITY BUILDING AND NETWORKING

RCOFs are also seen as key platforms for building

regional and national climate prediction capacities and

for facilitating knowledge exchange through intra- and

extraregional networking. This was seen as particu-

larly important among the scientific community itself.

According to one interviewee:

[The RCOF’s] main purpose is to bring climate scientists
or climate people from the met services around the re-

gion together, to share experiences and learn from each

other. That is the primary role, I think. So, it is an edu-

cational function, it is a training function, it is also a

networking opportunity. The lesser important part of the

RCOF, in my opinion, is actually doing the outlook.

(Int. 13)

Similarly, another key informant indicated that while

the forecasts were an essential component, the ‘‘most

important part is getting them [meteorologists and cli-

mate scientists] connected, being networked’’ (Int. 16).

The capacity-building component of the RCOFs is

also seen as a means of leveling out disparities among

NMHS within the region to ensure that all countries

have the basic capacities necessary to be able to produce

their own national-scale seasonal forecast (Int. 16).

Further, networking was seen as enhancing the scientific

credibility of the forecast products produced in the

RCOFs through sharing new methodologies and the

state of the art. Ideally, capacity building is intended to

improve the scientific rigor of forecasts, which can help

to improve the perceived credibility among scientists, as

well as potential users.

Less frequently, capacity-building activities have ex-

tended beyond improving scientific or technical abilities

of the producers of the forecasts to address other skills.

For instance, this has included efforts to encourage sci-

entists to bemore aware of and sensitive to the problems

faced by potential forecast users, as well as to enhance

the ability of various stakeholders to accurately un-

derstand and interpret climate information to effectively

inform decision-making (Ints. 14, 18).

4) PRODUCTION OF USABLE AND OPERATIONAL

REGIONAL CLIMATE OUTLOOK

Unsurprisingly, many interviewees saw the production

of an operational regional seasonal climate forecast, or

‘‘climate outlook,’’ as being central to the RCOFs’ ac-

tivities (Ints. 1, 11, 14, 18; see alsoWMO 2017). However,

most interviewees recognized that it was not enough to

produce just any seasonal forecast. Rather, the forecast,

as well as associated products and services, must also be

considered sufficiently credible (Ints. 1, 11, 14, 17), legit-

imate (Ints. 16, 17, 18), and salient (Ints. 1, 14, 15, 18)—in

other words, ‘‘usable’’ (see Cash et al. 2003)—to effec-

tively inform decision-making.

In thisway, the goals of capacity building andnetworking,

stakeholder engagement, and scientific consensus were

considered by many interviewees to be antecedent goals

that contribute to the production of usable, opera-

tional climate outlooks. Thus, the majority of in-

terviewees felt that the production of the climate

outlook was a central objective of the RCOFs, a sen-

timent that was widely echoed in analysis of RCOF

literature and documents.

5) IMPROVED CLIMATE RISK MANAGEMENT AND

ADAPTATION

As noted previously, the goal of improving climate

risk management and adaptation is generally implied,

rather than directly stated, in the majority of RCOF

documents and literature. Based on the triangulation of

multiple sources of data, we situate climate risk man-

agement and adaptation as the end goal, toward which

all of the other RCOF goals are intended to contribute.

RCOFs were first created out of a desire to manage the

impacts of seasonal to interannual climate variability by

‘‘emphasizing the importance of understanding climate

and how you can deal with climate risk’’ (Int. 13).

Aldrian et al. (2010, p. 376) note that the RCOFs were

formed with the assumption that climate information,

including seasonal climate forecasts, should provide

‘‘substantial benefit to many parts of the world in

adapting to and mitigating the impacts of climate var-

iability and change.’’ Climate risk management ap-

proaches within the RCOFs are generally organized

sectorally and involve assessment of potential sectoral

risks based on the forecast information in order to

enable preemptive planning, decision-making, and ac-

tion to mitigate or prepare for adverse impacts or else

take advantage of climate-related opportunities (Ints.

14, 15).
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WMO has stated that the RCOF concept also has

‘‘the potential to be extended to develop our capacity to

adapt to climate change’’ (WMO 2009a). While in-

clusion of information beyond seasonal to interannual

time scales has taken place in some regions (Int. 11) and

is planned in future RCOFs in other regions (Int. 16), it

is acknowledged that, to date, there has been little dis-

cussion of long-term climate information (e.g., decadal

or multidecadal projections) in most RCOFs (Ints. 1,

18). Nonetheless, RCOFs were seen by many respon-

dents as building a foundation to enable longer-term

adaptation to climate change by providing a platform for

stakeholders across disciplines to discuss climate issues

on a regular basis, thereby creating greater awareness of

climate-related issues and vulnerabilities more generally

(Ints. 1, 17). This was seen as part of a ‘‘slow process of

gradually understanding and being able to adapt or us-

ing information in a risk assessment and adaptation

framework’’ (Int. 13).

b. How are users engaged in RCOFs?

Understanding differences in the relative importance

of the various goals of the RCOFs helps to contextualize

how user engagement has (or has not) been taken up

within RCOFs, and why. Engagement with potential

users was an early rationale for RCOFs (Basher et al.

2000; Buizer et al. 2016; NOAA 1998; Orlove and

Tosteson 1999) and has gained importance as the

RCOFs have increasingly become a central component

of the GFCS, which is intended to create a structured

means for producers and users of climate services to

interact (i.e., through the development of the ‘‘user in-

terface platform’’) to ensure that users’ needs are being

met (WMO 2011). However, as discussed in section 4a,

not all stakeholders consider user involvement to be a

central, or even an essential, component of the RCOFs.

Consequently, user engagement has been taken up in

different ways across the RCOFs. We find that there are

three general ways in which the role of users has been

conceptualized within RCOFs to date (see Fig. 4).

In the first model, the role of users is primarily as re-

cipients of the forecast. This reflects ‘‘linear’’ approaches

that are geared toward enhancing the dissemination of the

forecast, educating potential users on interpretation of

the forecast, and identifying applications of the forecast

(Int. 11). The second model frames users as conduits for

delivering feedback about the forecast and as ‘‘adding

value’’ through interpretation for sectoral applications

or integration within sectoral impactmodels (Ints. 11, 9),

but still presents a largely unidirectional relationship of

information delivery. Finally, within the third model,

producers and users form active partnerships in which

expressed needs of users inform or drive the develop-

ment of new climate science, products, and tools (Ints.

2, 16). In some cases, this can also involve joint pro-

duction and delivery of climate services products (e.g.,

risk analysis and tailored advisories), as well as co-

investment and joint ownership of both the processes and

products. Nonetheless, all models of user engagement, as

currently implemented, engage users ‘‘downstream’’ of

FIG. 4. Conceptual models of user engagement in the RCOFs. Solid lines indicate well-

established/formalized relationships, whereas dashed lines indicate informal relationships.
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the production of the forecast, thereby delimiting the

ability of users to help define questions and needs to be

addressed by RCOFs in the future.

While no single RCOF exactly emulates any one of

these conceptual models (indeed, most incorporate

various elements of multiple of these), they provide a

helpful heuristic for understanding how user engage-

ment has been framed and implemented by individuals

responsible for undertaking the RCOFs. According to

interviewees, only a small number of RCOFs have em-

braced more collaborative models of user engagement

(depicted in model 3). Nearly all RCOFs (with a few

exceptions) are, thus, operating more closely in line with

models 1 and 2. Many interviewees expressed a desire to

move beyond purely linear approaches (as depicted in

model 1) to incorporate feedback loops and intermedi-

aries as part of a multistep chain of information pro-

duction and delivery (as in model 2); however, this

aspiration can be difficult to realize in practice (as will be

discussed further in section 5d). Very few interviews

(n 5 3) or publications framed user engagement in

highly collaborative terms, as depicted in model 3.

Further, several respondents questioned the utility, and

even possibility, of user engagement in line with model

3, since they were unsure of whether and how collabo-

rative approaches to the production of the regional

forecast could work and how this would impinge on the

process of developing scientific consensus. This dem-

onstrates the range of perspectives around how user

engagement is framed within implementation RCOFs.

These different models of user engagement are car-

ried out through a variety of practices (see Table 2). In

most RCOFs, potential users are, at the very least, in-

vited to attend the RCOF forum meeting. However, in

several regions, there are currently no users participat-

ing in the forum at all (e.g., FOCRA-II and NEACOF

forums, covering Asia and northern Eurasia, respec-

tively; WMO 2017; Ints. 6, 19). Nonetheless, even when

users are involved, participation is often highly passive

and does not guarantee the development of multidi-

rectional communication, mutual understanding, in-

clusion of different knowledges, or establishment of

relationships and respect between participants that is

required for more collaborative approaches to pro-

ducing the forecast and related climate information

products.

Some RCOFs integrate sessions during the forum for

different sectors to interpret, discuss, and assess the

implications of the forecasts for climate risk manage-

ment. For example, several regions organize dedicated

‘‘user forums’’ that are held as stand-alone events fol-

lowing the RCOF. For example, in some regions in

Africa, Malaria Outlook Forums have been held

following the RCOF, where health professionals use the

forecast to assess the likelihood ofmalaria incidence and

actions that could be taken to minimize outbreaks (Patt

et al. 2007). Similar sector-based user forums have been

organized for stakeholders in food security, health, wa-

ter management, and disaster risk reduction and man-

agement in a growing number of regions (Ints. 1, 14, 15;

see also WMO 2012).

In several cases, feedback from users has driven the

development of new climate information products. For

example, in the Greater Horn of Africa region, requests

from users have prompted the provision of new types of

parameters within the seasonal climate outlook (e.g.,

seasonal rainfall totals). There are also some examples

of dedicated training for users and dissemination ses-

sions with the media or other communications experts

(e.g., media training and press releases) to improve in-

terpretation and communication of the forecasts (WMO

2016). Many RCOFs employ multiple forms of user

engagement across this spectrum; however, the manner

in which users are involved can vary from year to year,

often due to availability of funding.

c. Persistent challenges to user engagement in RCOFs

1) IDENTIFYING USERS AND UNDERSTANDING

DECISION-MAKING CONTEXTS

Despite ongoing efforts toward user engagement,

challenges remain. A review of RCOFs following the

1997/98 season observed that ‘‘it was not clear who the

users were, or should be, or what their needs were, or how

to engage actual and potential users in the Forums’’

TABLE 2. Current modes of user engagement in the RCOFs and

related conceptual models.

Model 1 No participation

Unidirectional ‘‘transfer’’ of knowledge

(i.e., dissemination)

Training in interpretation of forecasts

Sectoral interpretation of forecasts

Model 2 Application within sectoral modeling

Review of previous forecasts and evaluation

of applications

Boundary organizations and intermediaries

Sectoral user forums (e.g., health, food security,

water, and agriculture)

Inputs and feedback toward tailored products

Follow-on activities (e.g., contingency planning

and agricultural planning workshops)

Model 3 Support and investment (e.g., financial, human

resource, and in kind)

Produce new products using the forecast input

(e.g., food security outlook)

Coproduction and/or co-delivery of products

(e.g., sector-specific bulletins and advisories)
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(Basher et al. 2000, p. 12). Twenty years later, debates

about which users should be engaged within RCOFs, as

well as what their needs are, have continued. For example,

during the 2017 Global RCOFReview held in September

2017, the question of who the users of RCOFs are (and

should be) was taken up. Thus, while the climate science

community is increasingly embracing the idea of working

with users, the issue of identifying potential users, assess-

ing their specific needs, and understanding their decision-

making contexts remains a stumbling block.

To date, potential users have generally been depicted

in broad terms. For example, four categories of users of

RCOFs have been described, including individual ‘‘end

users,’’ intermediaries or extension agents, media, and

experts who use RCOF products as inputs to application

models (WMO 2008, p. 2). Alternatively, RCOF users

have been described by sector, with agriculture and food

security, health, water resources, disaster risk reduction

and management, and energy being the most frequently

discussed (WMO 2016).

Nonetheless, these categories remain quite general

and do not fully account for the complex networks of

actors involved in climate services production, delivery,

and, ultimately, use. For example, issues of the scale at

which potential users operate and intrasectoral differ-

ences are not accounted for, which is to say that simply

grouping users by sector can still be overly broad. Sim-

ilarly, the category of ‘‘end users’’ does little to help

develop sufficiently detailed understandings of decision-

making contexts and climate information needs. As re-

counted by one interviewee:

Of course, ‘‘users’’ is a vast area. You can get represen-
tatives of users, but if it’s only representatives, then

they’ve got to transfer the information on down the chain

until it finally gets to the dam operator or the farmer or

whoever it is. Just talking about the ‘‘user’’ in the generic

sense is actually easy. But to do it in practice, to the

ground level, is difficult. (Int. 8)

When framed in general terms and without un-

derstanding specifically which individuals or organiza-

tions might benefit from the forecasts, as well as the

various intermediaries involved in translating this in-

formation to end users, it is difficult to knowwho exactly

should participate in the RCOFs in the first place.

Thus, there are important questions about which ac-

tors within the ‘‘chain’’ of climate information pro-

duction, delivery, and use are the most important and

appropriate to directly involve within RCOF processes.

Likewise, there is a need for increased consideration

of the appropriate institutional scale at which users

should be engaged; users operating at national and re-

gional scales are likely to have very different climate

information needs, even if they are working in the same

sector. Inmost RCOFs, the ‘‘representative’’ users come

largely from national-level organizations. For example,

in the Mediterranean region, there are currently no

regional-scale users who participate, but national-level

users from the host country do attend the forum meet-

ing. Thus, there can be mismatches between the geo-

graphical or institutional scale of information being

provided and the potential scale at which users make

decisions (Int. 19). Nonetheless, there is currently little

distinction made between national-scale and regional-

scale users within discussion of user engagement in the

RCOFs. Further, few RCOFs produce sector-specific

forecast products, though there are some exceptions,

such as Central America and the Caribbean, where

producers have worked in close partnership with users

to tailor, and even coproduce and co-deliver, sector-

specific forecast products. For example, the Caribbean

Institute for Meteorology and Hydrology, the RCC

for the region, has developed formal agreements to co-

produce and co-deliver tailored climate bulletins in

partnership with regional organizations across six sec-

tors (e.g., Caribbean Health Climatic Bulletin9). Over-

all, lack of specificity and confusion about how to

effectually identify users has, so far, contributed to a

dearth of detailed assessment of decision-making con-

texts and users’ needs in many RCOF locations.

Differences in user engagement reflect the regional

diversity of RCOFs—including historical, institutional,

and political contexts, which fundamentally shape the

landscape of potential users, as well as their decision-

making contexts. Some regions have well-established

users at the regional scale, while others do not. As a re-

sult, some respondents even questioned the value of in-

volving users within the regional forum and, instead, felt

that involvement of users could be more productive,

beneficial, and efficient at the national or subnational

level (Ints. 1, 6, 13 17, 18; see also WMO 2017). This has

resulted in a growing interest in engaging with users more

extensively within national-scale processes in many re-

gions, rather than attempting to develop user engagement

at the regional scale within the RCOFs (Ints. 2, 13, 14, 16,

17, 18). For example, there is now a growing number of

National Climate Outlook Forums that include efforts to

engage national and subnational users.

Even when there are clearly identified regional-scale

users of the RCOF forecast, it remains difficult to de-

termine what kinds of specific products and services they

need. At themost basic level, inadequate or intermittent

9 See examples of the Health Climatic Bulletins for the Carib-

bean region here: https://rcc.cimh.edu.bb/health-bulletin-archive/.
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funding for the RCOFs means that it can be difficult to

enable users to participate in the meetings on a regular

basis, and often different users attend from year to year

(Ints. 1, 18), thereby limiting opportunities for iterative

interaction and sustained relationships that can facilitate

mutual trust and understanding. Further, it has been

shown that users have difficulty communicating their

needs (Vincent et al. 2017), thereby necessitating con-

certed effort and, often, multiple approaches to elicit in-

depth understanding of the kinds of information that is

required (Daly et al. 2016). As such, assessing users’

needs is a time- and resource-intensive task, making it

prohibitive for many RCOFs to carry out in a systematic

way (Int. 2).

Additionally, respondents emphasized that in many

regions, the NMHS themselves are the main participants

and, therefore, the primary users or beneficiaries of

RCOFs and their products. As discussed in section 4a,

the RCOFs are a key mechanism for building capacities

and networks among NMHS in the region, as well as a

platform for discussing and resolving challenges to re-

gional forecasting, advancing new forecasting methods,

and sharing new and cutting-edge research. Some

NMHS also use the RCOF outlook product to inform or

adjust their own national-scale forecasts. In this way,

even when ‘‘users’’ are not involved directly in the

RCOFs, NMHS still benefit greatly, which can translate

to indirect benefits to users at other points in the service

delivery chain.

2) USER ENGAGEMENT, DEMONSTRATION OF

VALUE, AND SUSTAINABILITY OF THE RCOFS

The sustainability of the RCOFs is a problem that was

identified at their inception (Basher et al. 2000; NOAA

1998). Issues of sustainability have direct implications

for whether and how users are involved. It is often ex-

pensive to bring users to RCOF meetings from across

the region; therefore, financial constraints are often a

key barrier to consistent user involvement. Yet, many

individuals and organizations involved in the RCOFs

see the problem of the sustainability of the RCOFs as

being fundamentally linked to the issues of user en-

gagement and demonstration of socioeconomic benefits.

This framing reflects a series of causal assumptions

about the linkages between the value and sustainability

of the RCOFs: 1) the sustainability of the RCOFs is

dependent upon demonstrating the value of the fore-

casts, 2) the value of the forecasts can only be realized

through the use or application of forecasts, and 3) the

successful use of forecasts hinges on engagement with

users. The 2008 RCOF Review summed up this line of

thinking:

The best way to convince users, involve governments
authorities, media, private sector and others, is by demon-
strating the effectiveness of climate applications. . .once the
results are evident, additional support will come from
partners who become more motivated to scale up pilot
projects to other locations and/or development sectors.
(WMO 2008, p. 7)

Similarly, one interviewee noted that ‘‘if you can ac-

tually demonstrate that these [RCOFs] are producing

value, then funding, in principle, should become more

straight forward’’ (Int. 11). Furthermore, the predicament

of NMHS has been presented as a ‘‘vicious cycle’’: when

the climate services provided are of low quality, this dis-

courages further investment, and, as a result, the services

never improve. Increased capacities to meet users’ needs

are considered essential to ‘‘reverse the cycle’’ (Martínez
Güingla 2017). Thus, the notion that issues of user en-

gagement, demonstration of value, and sustainability of

theRCOFs are fundamentally intertwinedwas a dominant

problem framing expressed across the various data.

However, some respondents questioned the logic and

practical implications of these assumptions. While much

emphasis has been placed on assessing the value of cli-

mate services in purely economic terms (see, e.g., WMO

2015), this is just one way of conceptualizing the value of

seasonal climate forecasts (Bruno Soares et al. 2018).

Several interviewees felt that a singular focus on eco-

nomic valuation was overly narrow and that process

was as important as the products. For example, one re-

spondent explained, the RCOFs are ‘‘really worth-

while,’’ not for ‘‘actually producing an outlook,’’ but for

creating opportunities for ‘‘co-learning’’ among climate

experts and for ‘‘bringing people together to share ex-

periences on how they are doing their outlooks and how

they are actually communicating with their end users

and doing tailoring and all that good stuff’’ (Int. 13). It

was further recognized that ‘‘value doesn’t always mean

dollars’’ (Participant in RCOF Global Review) and that

the RCOFs produce many benefits that are ‘‘intangible’’

(Int. 17) or otherwise difficult to measure quantitatively.

Several respondents suggested that value of RCOFs

should be considered in terms of other metrics, such as

how they have increased forecasting and prediction ca-

pacities, particularly in developing countries (Ints. 2, 8).

5. Discussion: Learning from the RCOFs

Examining the role of user engagement in relation to

the other goals of the RCOFs helps to better understand

and contextualize similarities, as well as differences, in

how user engagement is understood and undertaken.

Despite broad similarities in how user engagement is

conceptualized and implemented, this research shows
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that why and how user engagement is undertaken across

the spectrum of these models varies widely from region

to region. This can be explained by differences in terms

of the priority placed on user engagement relative to the

other goals of the RCOFs, the role of RCOFs in the

broader climate services delivery chain, the landscapes

of potential users and institutions, and views about what

the role of users can and should be. We discuss each of

these in turn, as well as their implications for efforts to

engage users in RCOFs in the future.

a. Balancing multiple goals within the RCOFs

The importance placed on the production of the sea-

sonal forecast as a core goal of RCOFs across both the

literature and interviews is not surprising. This analysis

shows that the production of the seasonal outlook

serves as an organizing principle that supports ante-

cedent goals, such as the consensus process, capacity

building, scientific networking, and (in many regions)

user engagement. Differences in the balance between

the various goals across regions were evident, reflecting

the different needs and priorities of each region, as well

as particular individuals. For example, in regions where

national-level capacities to produce climate forecasts

are still developing or where drivers of seasonal climate

are still uncertain, the consensus process and capacity

building may receive greater emphasis. It is also clear

that the consensus process and capacity building within

RCOFs are important for enabling improved delivery of

climate services at other scales (i.e., national and sub-

national). As discussed in section 4a, some respondents

felt that NMHS may actually be the primary beneficia-

ries of the RCOFs.

To date, the goals of the RCOFs have only been

loosely formulated, with little articulation of how the

various objectives relate to each other or contribute to

an overarching theory of change. In this paper, we have

provided an overview of goals and their linkages (see

Fig. 3) rooted in current RCOF goals and practices, as

described in literature and documents, as well as by in-

dividuals responsible for RCOF implementation. This is

meant to be descriptive, rather than prescriptive, and to

serve as a starting point for better understanding the

objectives of theRCOFs, as well asmore clearly aligning

RCOF activities with their goals. Such analysis has the

potential to guide decisions about what interventions

may be needed to improve the impact of the RCOFs in

the future. However, this does not mean that all RCOFs

do (or should) focus on all of these goals in the same

way. For example, some regions may need to place

greater emphasis on capacity building, while others may

see user engagement as a more important priority in

realizing the ultimate goal of improved climate risk

management and adaptation. How these various goals

are balanced and undertaken will depend greatly upon

the specific technical, economic, and social contexts in

each region.

b. Role of RCOFs in climate services delivery chain

Our results indicate that it is also important to rec-

ognize that the RCOFs do not operate independently.

Rather, they are increasingly integrated within a multi-

tiered climate services delivery system underWMO and

the GFCS (WMO 2003, 2011). While at the outset the

RCOFs were the ‘‘only game in town,’’ the institutional

context for climate services production has changed

dramatically over the last 20 years. In the context of the

WMO’s efforts to strengthen and build climate services

infrastructure spanning global, regional, and national

levels, RCOFs can thus be seen as providing essential

linkages between global and national organizational

structures, as well as vital conduits for knowledge shar-

ing. Within this rapidly evolving institutional landscape,

it will be important to recognize that RCOFs are just one

step in a multilevel process of producing usable climate

services. RCOFs cannot and, indeed, should not be ex-

pected to do everything by themselves. As such, RCOFs

are unlikely to bring about the desired end goals of

improved climate risk management and climate ad-

aptation without developing or strengthening linkages

with institutions, networks, and processes at other

institutional scales.

This also indicates that in contrast to the idea

that RCOFs will generate socioeconomic value directly

through the application of the regional climate forecast

in all cases, the benefits of the RCOFs are often realized

indirectly. This is especially true given that numerous

interviewees felt that, in many regions, there were a very

limited number of regional-scale users able to utilize the

RCOF products directly. In a general sense, this in-

dicates that there is a need for more nuanced framings of

the benefits of RCOFs as part of a global climate

services system, as well as a need to set realistic ex-

pectations about what RCOFs should be expected to

achieve. Improved understandings of the multiple

benefits of RCOFs—to both producers and users—

can help to demonstrate important qualitative bene-

fits that are not captured through economic valuation

alone. This will be particularly important in locations

where there are no regional-scale users.

c. Understanding users and institutional landscapes

Differences regarding the institutional landscapes and

the users from region to region have not been explic-

itly addressed within discourses around user engage-

ment in RCOFs, including how this may determine the
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appropriate scale at which to engage users. In some re-

gions, the scale of the forecast may better coincide with

the geographic scope and institutional mandates of

existing organizations. In cases where the RCOF fore-

casts have a more natural ‘‘fit’’ and ‘‘interplay’’ with

existing scales of policy formulation, decision-making,

and action, this can narrow the ‘‘usability gap’’ (Lemos

et al. 2012). Higher levels of fit and interplay can, in turn,

increase demand for regional-scale information and the

possibility of identifying specific users of forecasts. For

example, the RCOFs in the Greater Horn of Africa and

southern Africa operate within designated Regional

Economic Communities of the African Union, meaning

existing institutions and scales of decision-making align

more directly with the scale of RCOF forecasts. Not

surprisingly, there are a large number of users partici-

pating in these forums. Conversely, in other regions,

such as the Mediterranean or north Eurasia, where the

forecasts cover much larger geographic areas that are

not aligned with existing regional institutions, there are

no clearly identified users of the regional products pro-

duced by the RCOFs.

Thus, it will be important to understand and effec-

tively leverage different strengths and capacities of all

stakeholders—both producers and users—across re-

gional, national, and subnational scales to develop

smarter and more targeted approaches for cooperation

and modes of user engagement. At a minimum, this will

require conducting scoping exercises and institutional

analyses to assess who potential users might be and to

understand specific decision-making contexts and in-

formation needs. In cases where there is a larger us-

ability gap (i.e., when fit and interplay of existing

information is low), there will be a greater need for in-

teraction between producers and users to overcome

barriers to use (Lemos et al. 2012).

d. Role of users in the RCOFs

The recognition that there is a need for greater in-

teraction between producers and users to enhance the

usability of RCOF products leads to this question: What

should the role of users be within the RCOFs? And,

based on this, what kinds of interactions between pro-

ducers and users are needed and at what institutional

scale(s)? While this analysis has provided a snapshot

of how user engagement is currently framed and ap-

proached by those responsible for implementing the

RCOFs, fundamental questions remain about which

models of user engagement are most appropriate and

what practices can best support them in the future.

Answers to these questions will be highly context de-

pendent, and user engagement strategies will necessarily

evolve differently in each region.

However, what this analysis has shown is that user

engagement within the RCOFs is currently framed quite

narrowly, and, in practice, the role of users is often

constrained to downstream involvement (i.e., after the

forecast has been produced). Furthermore, inclusion of

potential users has remained ad hoc, generally includ-

ing users in an opportunistic manner (e.g., engaging

national-level users from the host country on a rotating

basis). Without long-term engagement of the same in-

dividuals and/or organizations from year to year, there is

less likelihood of developing relationships and trust

within and across producer/user communities. Such

factors may contribute toward the perpetuation of linear

modes of information production and delivery (i.e.,

models 1 and 2), rather than enabling opportunities for

more collaborative approaches of coproduction, co-

delivery, and co-investment (i.e., model 3).

Approaches such as coproduction can build joint

ownership among producers and users of both the problem

and process of developing usable climate information and

services (Dilling and Lemos 2011); however, this may

also entail radically reframing what the role of users can

and should be within the RCOFs. For example, this

may include greater ‘‘upstream’’ involvement of users,

whereby they can help to jointly define goals and ques-

tions to be addressed through RCOF processes along-

side climate information producers. Additionally, it will

require creating space for reflection and dialogue on all

sides, as well as increased transparency from producers

about realistic time horizons for developing new climate

information products and fundamental limitations of

climate science to meet users’ needs. It is through iter-

ative, long-term discussion that trust and a shared sense

of ownership can be built. Importantly, shared owner-

ship will be key to spurring greater investment in and

financial support for RCOFs among a range of stake-

holders, thereby increasing sustainability of RCOFs in

the future.

At the same time, it is also crucial to recognize that

RCOFs cannot address the needs of all users at all levels.

Indeed, in some regions where there are few or no re-

gional users, it may be more effective to target engage-

ment with users at the national, rather than the regional,

scale. For example, a growing number of countries have

developedNational ClimateOutlook Forums to interact

with national-level users in recent years. In other cases,

RCOFs might serve as a networking platform that can

help to identify and include key ‘‘intermediaries’’ that

can, in turn, expand the reach and usability of RCOF

products to various ‘‘end users.’’ For example, experiences

in the United States have shown the value of developing

‘‘boundary chains’’ (Lemos et al. 2014), in which organi-

zations that operate at the science–society interface
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facilitate linkages and networks to increase the reach and

usability of climate information among a broader base of

potential users, while also enabling institutional adapt-

ability and reduction of transaction costs.

Conducting institutional and stakeholder analyses can

provide detailed information about the existence of

potential users and current institutional landscapes so

that user engagement can be tailored to the regional

context. More detailed understandings of the varying

configurations of users and institutions within and across

regions can help to ensure that RCOFs can better adjust

their goals, approaches, and practices to effectively le-

verage existing regional capacities, as well as more ef-

fectively identify and address context-specific challenges

to the development of usable climate services.

e. Implications for goals and practices of the RCOFs

In large part, the lack of coherence across the goals

of RCOFs, approaches to user engagement, and as-

sumptions about sustainability stems from the fact that

RCOFs do not (to date) have a clearly articulated and

rigorously formulated theory of change. It has been

recognized elsewhere that climate services programs

have often failed to clearly articulate goals and atten-

dant theories of change, thereby limiting their effec-

tiveness and impact (Tozier de la Poterie 2017).

If RCOFs are to deliver on the end goal of improved

climate risk management and climate adaptation, it will

also be important to more critically examine the

RCOFs’ practices in relation to their goals. Strength-

ening linkages between regional and national levels, as

well as more clearly articulating the goals of the RCOFs,

will be an essential first step. However, this will also

involve clarifying roles, responsibilities, and expecta-

tions of all actors throughout the climate services de-

livery chain, as well as efforts to monitor and evaluate

the RCOFs. Further, situating the RCOFs within the

broader climate services system may even ultimately

require reframing their goals, as well as how their value

and benefits (both quantitative and qualitative) are as-

sessed, how this is communicated, and to what audiences.

As part of this process, it will be vital to reconsider

how user engagement is framed and implemented, as

well as how this may ultimately support sustainability of

the RCOFs, along with other desired societal benefits.

Translating RCOF activities into improved climate risk

management and adaptation will, in most instances, re-

quire more nuanced approaches to user engagement

that build on in-depth analysis of users, their decision-

making contexts, and information needs, as well as

existing institutional contexts. This may go a long

way toward improving the salience of the information

provided to users. However, it is also recognized that

knowledge must be considered sufficiently credible and

legitimate among all stakeholders to be usable (Cash

et al. 2003).

In many cases, processes of coproduction that enable

sustained, iterative collaboration and equitable part-

nership are needed to enhance the credibility and le-

gitimacy of both the RCOF products and processes.

This will likely require more fluid and dynamic in-

terpretations of coproduction that will be required at

multiple points in the production and delivery of climate

services. For example, while not currently recognized as

such, the production of the consensus forecast can itself

be considered a process of coproduction that enables the

integration of a range of information, experience, and

expertise—of both individuals and organizations—to

enhance the credibility and legitimacy of the RCOFs

among both producers and users. Similarly, capacity

building and scientific networking are likely to generate

positive benefits, even if these are indirectly realized.

Thus, it will be important to take stock of both direct and

indirect benefits derived through the various compo-

nents of the RCOFs.

Further, taking insights about the importance of co-

production seriously will also mean moving beyond

more passive conceptualizations of user engagement

‘‘downstream’’ of the forecast production (i.e., tailoring,

formatting, and communication of forecasts after they

have been produced). The production of usable knowl-

edge may often require involving users ‘‘upstream’’ in

the knowledge production process, whereby they be-

come active collaborators involved and invested at all

stages. This would include more open processes to en-

able producers and users to develop mutually agreed

objectives of RCOFs, as well as jointly defined opera-

tional and research priorities. It is these more dynamic

forms of collaboration that are likely to increase the

joint ownership—and therefore sustainability—of both

RCOF processes and products. However, this would

require a departure from ‘‘business as usual.’’

6. Conclusions

In this paper, we seek to draw practical lessons from

20 years of RCOF implementation by examining the

broader goals of the RCOFs, as well as how user en-

gagement has been framed and implemented in the

context of these multiple goals. We did so through a

review of the literature and technical documents, in-

terviews with key informants directly involved in the

formation and implementation of the RCOFs, and par-

ticipation in a global review of RCOF activities. We

recognize that a limitation of this research is that these

data primarily reflect the perspectives of climate
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information producers (both individuals and organiza-

tions); however, because these individuals and organi-

zations are those most involved in development and

implementation of the RCOFs, their views are currently

best situated to provide an understanding of goals and

practices. While beyond the scope of this study, we

recognize that it will be important for future studies to

assess the views of current and potential RCOF users.

However, as we have shown, a current barrier to con-

ducting this type of research is the lack of defined,

consistent users inmany regions—a shortcoming that we

hope may be addressed in the future.

Despite being one of the primary motivations for the

creation of the RCOFs, user engagement has been

interpreted and undertaken in very different ways from

region to region. In part, this can be explained by dif-

ferences in the relative importance of user engagement

compared to other goals (i.e., scientific consensus, ca-

pacity building, and forecast production) that reflect the

varying social, economic, and institutional contexts in

each region. We argue that it will be important to more

clearly articulate the multiple goals and benefits of the

RCOFs within a multilevel chain of climate services

production and delivery, as well as generate refined

understandings of potential regional users and their

decision-making contexts. In some cases, this may

require a fundamental rethink of how the RCOFs

should be organized and implemented and who should

be involved, as well as how their benefits are conceptu-

alized and measured as part of a multilevel climate

services delivery system.

The fact that there is not a singular or ‘‘ideal’’ ap-

proach to user engagement in RCOFs is not a surprise

and reflects the broader literature on coproduction of

climate knowledge that emphasizes the context-dependent

nature of all coproduction processes (Bremer and Meisch

2017; Meadow et al. 2015; Schuttenberg and Guth 2015).

However, it does imply that the ways in which we talk

about user engagement in RCOFs, as well as the ex-

pectations and the goals of the RCOFs, should be ad-

justed in response. In many cases, this may require the

development of more nuanced approaches to user en-

gagement that may be more likely to improve usability of

products, foster a sense of joint ownership, and enhance

the sustainability of RCOF processes in the future.
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