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A B S T R A C T

Co-produced climate services are increasingly recognised as a means of improving the effective generation and
utilisation of climate information to inform decision-making and support adaptation to climate change, parti-
cularly in developing countries. There is a rich literature outlining the theoretical and conceptual evolution of
co-production, and experiences of it in a variety of decision contexts – in different sectors and at different scales.
However, the extent to which the producers of climate services have engaged with this literature varies.
Reflecting the emerging interest and application, particularly in developing countries, this paper reviews the co-
production literature to distil some key principles to inform climate services. Whilst we aim to be neither
comprehensive nor prescriptive, these principles can inform a normative and pragmatic approach to co-pro-
duced climate services. A co-produced climate service product should be decision-driven, process-based and
time-managed. The process of co-producing a climate service should be inclusive, collaborative and flexible.
Illustrations are also provided of how these principles may be engaged in practice. Evaluation of these emerging
examples will help further inform co-production of climate services.

Practical implications

1. Introduction
The field of climate services has arisen in response to the

fact that improving climate information has not always
translated into effective adaptation. Climate services re-
cognises that useful and usable information should be timely
and tailored to improve its likelihood of enabling adaptation.
This requires a step further than consultation. Instead, pro-
ducing climate services requires a shift in the knowledge
system – from a one-way “push” of scientific information, to a
two-way collaborative process of knowledge construction-
known as co-production.

2. Co-producing climate services
Co-production of climate services, particularly in devel-

oping countries, is still in its infancy. A number of initiatives
are emerging that are attempting to co-produce climate ser-
vices in developing countries. However, they are largely not
drawing on the long history and lessons learned from co-

production in other fields, including public services adminis-
tration, science policy and science and technology studies, and
participatory development. Failing to consider these experi-
ences can lead to unnecessary repetition of failures and sub-
optimal application. To avoid this, we assess multiple streams
of literature to distil several principles to inform the co-pro-
duction of climate services, and illustrate with some examples
of how these principles have been applied in developing
countries.

3. Distilling principles of co-produced climate services
To produce a usable, co-produced climate service, from

our review of the origins, evolution, and use of the concept of
co-production we distilled six principles that can inform cli-
mate services. Three of them are relevant to the product itself,
and the other three are related to the process. Together the
process and product are part of the cycle of co-production of a
climate service that involves identification of stakeholders, co-
exploration of the decision need, co-development of the so-
lution, co-delivery of the solution, and evaluation. The cycle is
characterised by continuous monitoring, knowledge exchange
and learning that enables reflexive review and refinement of
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both the process and product as necessary. Product principles
include: decision-driven, process-based, and time-managed.
Process principles are: inclusive, collaborative, and flexible
(Fig. 1).

3.1. Co-produced climate service product characteristics
3.1.1. Decision-driven
Climate services are expressly developed to address iden-

tified user needs. Co-exploratory processes between producers
and users, for example through workshops or surveys, can
unpack the decision-making context to understand the deci-
sion that the climate service can address. Around Lake
Victoria in Kenya, for example, investigation into user deci-
sion contexts led to the production of a daily weather forecast
for fishermen and a daily forecast for western Kenya (prior to
that only a weekly forecast was available) to inform decisions
around when to fish.

3.1.2. Process-based
A process-based approach to co-production recognises the

importance of collaboration and trust and relationship-
building between the various parties (producers and users).
Trust and relationships are built by, and in turn lead to,
knowledge exchange between producers and users which are
important to co-produce climate services.

3.1.3. Time-managed
Time management of co-produced climate services refers

to the management of the process of co-exploration, co-pro-
duction and co-delivery of a solution such that the ultimate
climate product arrives in a timely manner to inform its in-
tended decision. This is particularly important with natural
resource-based activities – for example seasonal forecasts need
to be delivered in advance of the planting season.

3.2. Co-produced climate service process principles
3.2.1. Collaborative
Identifying the decision context and ensuring development

of a timely climate service requires a collaborative process
built upon inclusion of different people with different needs
and different knowledge systems. This typically requires em-
pathy on the part of both producers and users, together with
willingness to embrace new ways of working. The Future
Resilience for African Cities and Lands (FRACTAL) project, for
example, ‘embeds’ researchers in decision-making environ-
ments. This creates improved understanding and empathy,
and allows insights into how decisions are made to develop
effective climate services.

3.2.2. Inclusive
Inclusion of users, and their partnership in the process of

producing a service, can help construct knowledge that is
useful and usable. Similarly including non-scientific knowl-
edge can build legitimacy. There is a rich literature on sta-
keholder engagement from the participatory development
field. However, particular care should be taken at the stage of
identifying stakeholders as there is the risk of overlooking and
excluding marginalised or less powerful groups. This requires
particular empathy as producers will often gravitate to those
with similar educational backgrounds to them.

3.2.3. Flexible
Flexibility is important in co-production because, as a re-

sult of taking a process-based approach to providing a deci-
sion-driven service, it is not possible to fully map out the
process at the start. As a result of continuous knowledge ex-
change, monitoring and learning there may be need to refine
product and process. In the Uncertainty Reduction in Models
for Understanding Development Applications (UMFULA)
project, for example, flexibility was necessary to elicit and
understand user needs for climate information in the agri-
culture sector. The initial co-exploration process identified
interest in the increased occurrence of extreme events, but did
not define the critical threshold for such events. Flexibility is
also required on the part of the institutions and individuals
participating in the cycle of co-production.

4. Conclusion
Co-production may not always be comfortable, since it

requires a different approach to knowledge production and
reconfiguration of the hegemony of science. However it offers
great opportunities to generate useful and usable climate in-
formation, and is increasingly occurring in developing coun-
tries. The product and process principles are neither compre-
hensive nor prescriptive, but rather offer insights from
existing co-production literature that may be pragmatic for
the rapidly-evolving climate services field. As more evalua-
tions come to light, there will be more evidence of the sus-
tainability of co-produced climate services beyond project
lifespans, and the utility and applicability of these principles.

1. Introduction

Knowledge about future climate conditions is considered a key

Fig. 1. Product characteristics and process principles of the climate service co-production cycle.
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component of increasing societal capacities to adapt to both climate
variability and change (Williams et al., 2015). There have been rapid
advances in capacities to provide a range of climate information – from
historical data to seasonal forecasts to end-of-century projections – in
recent decades. However, this has not always translated into effective
risk mitigation and adaptation. Part of the challenge has been that,
whilst this information may be potentially useful, it is often not actually
usable by decision-makers in practice (Jones et al., 2015; Lemos et al.,
2012; Dilling and Lemos, 2011). To address this gap, there is now in-
creasing emphasis on the role of climate services, which differ from
climate information in that they aim specifically “to provide people and
organizations with timely, tailored climate-related knowledge and in-
formation that they can use to reduce climate-related losses and enhance
benefits, including the protection of lives, livelihoods, and property”
(Vaughan and Dessai, 2014: 588; emphasis is ours). Here we use “cli-
mate services” to refer to all timescales, from short-term weather to
long-term climate.

Whilst improving the availability of climate information is im-
portant, it is not sufficient. Developing usable climate services also
requires service producers to take an inclusive approach to the con-
struction of credible, salient, and legitimate climate knowledge (Cash
et al., 2003). This requires changes in the way in which the production
of science is conceptualised – moving from dominant supply-driven
modes of science ‘push’ to a post-normal approach in which demand
‘pull’ is important, and regular and sustained interaction and iterative
approaches develop knowledge products (Kirchhoff et al., 2013; Dilling
and Lemos, 2011; Roux et al., 2006). As a result, it also calls into
question the definitions of, and predominant power relationships be-
tween, ‘producers’ (scientists generating information) and ‘users’
(people who then take and apply that information) – recognising that,
depending on circumstances, the categories are not mutually exclusive.
Whilst not necessarily a prerequisite for a climate service, co-produc-
tion is increasingly promoted as deliberate approach for increasing the
usability of climate services by fostering partnership between producers
and users to create a service that is effectively tailored and targeted
(Vaughan and Dessai, 2014).

Whilst the need for increased interaction between producers and
users in order to increase the uptake and application of climate in-
formation has been recognised for over two decades, approaches to co-
production of climate services remain largely in their infancy. This can
be explained, at least in part, due to varying understandings of, and
approaches to, co-production which are often only implicit, lacking
clarity, and only now beginning to be classified (Bremer and Meisch,
2017, Steynor et al., 2016). Where co-production approaches have been
employed within the climate services field, they have typically been
normative and used in a variety of sectors including agriculture (e.g.
Prokopy et al., 2017), water resources (e.g. Vogel et al., 2016; Feldman
and Ingram, 2009), and energy and transport (e.g. Buontempo et al.,
2017).

Most documented examples of co-production specific to climate
services have taken place in developed country contexts (Kruk et al.,
2017). The availability of climate services there is dependent upon a
very different context in terms of observational records, technical ca-
pacity, financial resources, and staff availability, typically on the pro-
ducer side (Georgeson, Maslin, and Poessinouw, 2017; Brasseur and
Gallardo, 2016). Nonetheless, there are several examples where co-
production has led to development of improved climate services in
developing countries (e.g. Kruk et al., 2017; Briley et al., 2015;
McKenzie-Hedger et al., 2006; Lemos and Morehouse, 2005). A growing
number of international initiatives, among them the Global Framework
for Climate Services, FCFA (Future Climate for Africa) and WISER
(Weather and Climate Information Services for Africa), aim to address
imbalances in access, whilst also addressing the usability gap, by di-
rectly targeting and involving users in the co-production of climate
services (Hewitt et al., 2012).

Despite the growing interest in co-production of climate services,

there is variability in the extent to which these approaches acknowl-
edge and build upon existing theoretical and conceptual literature in
other fields. Here, we aim to bridge this gap and contribute to emerging
scholarship on climate services by drawing perspectives from existing
co-production literature across several disciplines and theoretical or-
ientations. We distil principles of co-production from multiple streams
of literature to inform co-production of climate services, and illustrate
some examples of how these principles have been applied in developing
countries. Although the principles are relevant to all parties in the co-
production cycle for climate services, we implicitly focus on ‘producers’
of climate information (recognising that their application may differ
slightly for those categorised in the particular climate service as ‘users’,
e.g. Visman et al., 2017).

Section 2 outlines the origins and antecedents of co-production in
the field of climate services, drawing on literature from: public services,
science policy and science and technology studies, and participatory
development. After outlining the methodology, Section 4 highlights six
principles of relevance to the co-production of climate services: three
relating to the information product itself and three relating to the un-
derlying process. Without being prescriptive, section four further out-
lines what these principle may look like in the context of climate ser-
vices and describes their application in emerging initiatives. We
conclude by highlighting further research needs that arise to inform the
development of sustainable, co-produced climate services.

2. Theory and practice of co-production

Outside of the field of climate services, co-production has a long
standing theoretical and conceptual history. In particular co-production
has been embraced within the field of public services administration,
science policy and science and technology studies, and participatory
development (Miller and Wyborn, 2018). In this section we review the
origins and theoretical underpinnings, and then summarise different
conceptualisations of co-production embodied in the various defini-
tions.

2.1. Origins of co-production

The earliest known use of the term co-production originated in
public services administration in the late 1970s (Kiser and Percy, 1980;
Ostrom et al., 1978; Parks et al., 1981). The basic idea of co-production
was simple, yet had far-reaching implications. Co-production was seen
as a means of increasing both the efficiency and effectiveness of public
services across various domains (e.g., public safety, education, health)
through increased citizen participation and empowerment. Standard
approaches to public services relied on a top-down, bureaucratic ap-
proach in which producers and consumers of public services remained
separate. Co-production argued that successful and responsive public
services required the active participation of citizens in both their pro-
duction and consumption. This required a shift away from conventional
linear service delivery and created new relationships between produ-
cers and consumers of services that blurred traditional roles and
boundaries (Ostrom, 1996). Over the course of the last decade, the co-
production of public services has become widespread in the U.S., the
U.K. and Europe (Alford, 2013; Boyle and Harris, 2009) and has also
gained increasing traction in developing country contexts (see, for ex-
ample, Cepiku and Giordano, 2013; Otsuki, 2016).

In parallel to developments within the public services administra-
tion, there were growing critiques of ‘top-down’ approaches to socio-
economic development starting in the early 1980s, which resulted in
widespread calls for participatory models that encouraged the in-
volvement of beneficiaries within development interventions (e.g.,
participatory rural appraisals, technical ecological knowledge)
(Chambers, 1983; Cooke and Kothari, 2001). While these participatory
approaches did not use the term ‘co-production,’ they similarly chal-
lenged existing power structures, including the dominance of
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bureaucratic planning systems and technical expertise, by reversing the
roles and relationships between ‘outsiders’ attempting to facilitate de-
velopment and ‘local people’ who were the intended beneficiaries
(Mosse, 2001). The participatory turn in socio-economic development
emphasised that local populations possess a vast wealth of proven,
experiential knowledge that was equally as valuable as ‘modern’ or
scientific approaches.

Applications of the concept of co-production in the field of science
and technology studies (STS) can be traced to sociological approaches
to understanding the construction of scientific knowledge (e.g. Latour
and Woolgar, 1979). However, co-production fully gained prominence
in the 1990s when it was comprehensively developed as an analytical
lens to understand the mutually constitutive relationship between sci-
ence and society (Jasanoff, 2004; Jasanoff and Wynne, 1998). In recent
years, co-production has also increasingly become an explicit, or in-
strumental, normative goal of science policy, in which producers and
users of knowledge are encouraged to engage in collaborative ap-
proaches to address jointly defined problems (Wyborn, 2015; van
Kerkhoff and Lebel, 2015). Similar to participatory development, STS
interpretations of co-production emphasise the need to address differ-
ences in power and prestige between users and producers of knowledge,
which otherwise often pose a barrier to building the relationships and
trust necessary to enable collaborative knowledge production.

Co-production is increasingly considered a fundamental component
of many environmental management processes, particularly within
climate change adaptation policy, practice, and climate service devel-
opment. While we have discussed three major streams of literature that
have variously conceptualised co-production, it is important to ac-
knowledge that these literatures have not evolved entirely in-
dependently. Rather, there has been interaction and hybridisation
across fields, which may be of particular relevance to the field of cli-
mate services, itself necessarily an interdisciplinary endeavour. Indeed,
current conceptualisations and applications of co-production reflect
various elements of the three antecedent streams of literature discussed
here (Fig. 1).

There has, however, been a powerful and ongoing critique of

participatory methods that contends that such approaches may not only
fail to bring about the positive outcomes that are claimed, but in many
instances can serve to perpetuate or worsen conditions of inequality
(Cooke and Kothari, 2001; White, 1996; Ribot, 2010). Participation has
historically been conceived of as a spectrum – ranging from non-par-
ticipation, to tokenistic inclusion, to full empowerment (see Arnstein,
1969). However, it has been argued that climate change adaptation will
require a shift beyond linear notions of participation toward those that
emphasise the importance of processes, the existence of feedback loops,
and the dynamic nature of user participation (Collins and Ison, 2009;
Tritter and McCallum, 2006).

2.2. Definitions of co-production

It is important to recognize that each of these three fields of lit-
erature draws on different theoretical orientations, has different un-
derlying motivations and goals and, as a result, has multiple, and po-
tentially contrasting, interpretations and understandings of co-
production. Importantly, despite their differing theoretical bases, these
conceptualisations of co-production all require much more than con-
sultation with potential users of scientific knowledge.

Reflecting the various theoretical roots, the term co-production has
a multitude of definitions with most of them encompassing certain key
elements around forms of knowledge, collaboration and an ongoing
process (see Table 1 for examples).

3. Methodology

The principles were distilled based on a review of academic and
grey literature and content analysis. Literature was compiled using two
search engines (Google Scholar and Ebscohost) to determine a sample
of papers focusing on co-production, defined as having the terms “co-
production,” “coproduction,” or “co-production of knowledge” in the
title, keywords, or abstract between 2005 and 2015 (see Daly, 2016).
Because this broad search resulted in a large number of results per-
taining to co-production as a chemical process (e.g., within the

Fig. 1. Theoretical antecedents and related concepts that have contributed to current interpretations and applications of the concept of co-production (source:
authors).
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biological, biochemical, and medical sciences) and the services man-
agement sector, search results were further screened to filter these out.
The initial result was 122 publications, which were reviewed and fur-
ther narrowed according to topical relevance to 50 publications for
inclusion in analysis. While this approach is not exempt from omissions,
it is sufficiently comprehensive to provide an overview of the variants
of co-production that have been put forth within the literature in the
last decade, how these have interacted, and to better understand how
these have been applied in relation to climate services. Additionally, we
compiled a sample of 16 climate services programme documents that
had included co-production elements. Literature and programme
documents first underwent a preliminary content analysis to ensure that
there was a central focus on co-production. Remaining documents un-
derwent a summative analysis of co-production – i.e. systematic ex-
amination of the literature in which the context and explicit and im-
plicit uses of the term and concept were identified and analysed (Potter
and Levine-Donnerstein, 1999; Hsieh and Shannon, 2005).

Using an inductive approach, three of the authors individually
identified principles of co-production based on the results of the sum-
mative content analysis. This included compiling various definitions
and descriptions of co-production, as well as associated practices,
processes, and activities, in order to draw out underlying principles. For
example, if an article stated that “co-production begins with decisions
to be made,” an underlying principle could be that co-production
should be ‘decision-driven.’ The approach also included identifying
implicit normative principles. For example, much of the literature de-
scribed various ways in which co-production efforts include opportu-
nities for continual evaluation, learning, and adjustment. While not
directly stated, all of these examples relate to a need for ‘flexibility’ as a
foundational principle. This is necessarily a subjective approach, but
having three of the authors code independently and then compare re-
sults helped to ensure robustness. In the initial analysis, over 20 initial
principles were identified by this method. With the intention of pro-
viding principles of co-production that are applicable specifically to
design and delivery of climate services, these interpretations were then
compared, merged where appropriate, and refined.

An initial challenge that hampered the finalisation of the principles
related to the nature of climate services. Whilst a climate service in-
corporates the development of a product, the notion of a service, and
co-production itself, necessitates an interactive and iterative process in
which the product is embedded – and tested and refined. The poor
conceptualisation between process and outcome in co-production has
been observed by others (Harvey et al., 2017). To overcome this, we
eventually distinguished process principles and product principles,

while recognising that the principles underlying both processes and
products necessarily interact with each other in practice and can be
difficult to unravel.

4. Co-production principles and application

From our review of the literature, we distilled six principles for
producing a usable, co-produced climate service. Three of them are
relevant to the product itself, and the other three are related to the
process. Together the process and product are part of the cycle of co-
production of a climate service that involves identification of stake-
holders, co-exploration of the decision need, co-development of the
solution, co-delivery of the solution, and evaluation (Fig. 2). Product
principles include: decision-driven, process-based, and time-managed.
Process principles are: inclusive, collaborative, and flexible. Table 2
summarises the literature from which these principles were distilled.

These principles are neither comprehensive nor prescriptive. We
also recognised that climate services are diverse and the extent to which
a co-production approach is applied in their generation is variable: the
entire climate service may be co-produced, or a co-production approach
may be applied to elements within the service. However, the principles
provide a pragmatic framework to normatively inform (elements of) the
co-production cycle of the climate service by building on existing
knowledge and experience with co-production from other fields, as well
as within climate services itself. It is also important to remember that
the co-production cycle, whilst embracing the process principles,
should be characterised by continuous monitoring, knowledge ex-
change and learning so that the process and product can be reflexively
reviewed and refined (e.g. Visman et al., 2016) (Fig. 2). This is an es-
sential part of the cycle, and provides the opportunity to generate both
useful and usable climate information, but is often overlooked (Tall
et al., 2018).

4.1. Co-produced climate service product characteristics

4.1.1. Decision-driven
A key difference between a climate product and a climate service is

that the latter is expressly developed to address an identified user need,
and, thus, should be decision-driven (Dilling and Lemos, 2011; Lemos
et al., 2012). This is often a fundamentally different modus operandi for
producers of climate information. To identify the need for a climate
service, it is necessary to understand the decision that the climate ser-
vice can address. The decision-making context can have a large influ-
ence on what is determined to be the most important problem (Steynor

Table 1
Characteristics of co-production.

Feature Elaboration

A means of addressing complex problems Co-production recognises challenges with the typical approach to the relationship between science and society, and
instead takes a different approach to create usable knowledge to address complex problems (Pellizzoni, 2014; Corburn,
2007; Schuttenberg and Guth, 2015; Brugnach et al., 2014).

A means of producing knowledge Co-production is based on a new understanding of what knowledge is and how it is produced, with users being integral
to the production of the knowledge (Enengel et al., 2012; Muñoz-Erickson, 2014; Robinson and Wallington 2012; Cash,
2006; Brandsen and Pestoff, 2006; Meadow et al., 2015; Pellizzoni, 2014; Roux et al., 2006).

A means of producing knowledge and governance
systems

By bringing together different parties to address issues, co-production not only involves the construction of knowledge,
but simultaneously the construction of the governance systems that use that knowledge (St Clair, 2006; Muñoz-
Erickson, 2014).

A means of recognising different knowledges In being an alternative means to produce knowledge, co-production puts users on an equal footing with producers, with
exploration, discussion and negotiation key components of the process (Edelenbos et al., 2011; Nel et al., 2016).

Involves collaboration among various actors Participants in the co-production process can include multiple disciplines, scientists, citizens, clients, consumers,
volunteers, community organisations etc. (Sancino, 2016; Enengel et al., 2012; Cash, 2006; Bovaird, 2007; Hegger et al.,
2012; Meadow et al., 2015; Taylor et al., 2017).

Is contingent upon trusted relationships Given that knowledge is mutually produced by a range of partners who would not normally collaborate, building and
maintaining trusted relationships is important (Taylor et al., 2017; Bovaird, 2007).

Is a social learning process Since co-production involves inclusive, participatory and interactive analysis of problems and construction of solutions,
it also needs to be a learning process (Frantzeskaki and Kabisch, 2016; Meadow et al., 2015; Hegger et al., 2012; Pohl,
2008).
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et al., 2016). However, identifying user needs can be challenging.
Often, users have not explicitly considered what climate information
would inform their decision-making processes (Vincent et al., 2017a,b).
Both users and producers may identify a climate product that is not
necessarily the most appropriate one for the intended decision – and
iteration may be required to develop a service that actually addresses
the decision.

To identify the decision that a climate service can inform, co-ex-
ploratory processes between producers and users are important. Such
scoping has variously been undertaken using workshops, town meet-
ings, questionnaires and surveys and described as an “intelligence
phase” (McNie, 2007). Different climate-sensitive decisions are taken
by different people, which, in turn, affects the nature of individuals’
information needs. For example, in agrarian settings in West Africa and
South Asia, the different socially constructed roles of men and women
in farming give rise to needs for different information, to be delivered at
different times, and in different formats (Carr et al., 2016; Tall et al.,
2014). Taking a step back from the product, and instead interrogating
the decision context, can facilitate co-production of a more usable cli-
mate service. Continuous knowledge exchange, monitoring and
learning throughout the co-production cycle helps to identify where
such refinement is required and enable course correction as necessary.

An example of where a decision-driven climate service has been
produced is around Lake Victoria in Kenya as part of a project under the
WISER programme, “Decentralised climate information services for
decision making in western Kenya”. Reliance on fishing from open
wooden canoes powered by paddles and sails with weather forecasts
means that there is a high risk of boats capsizing and drowning should
conditions change (Powell, 2016). Investigation into user decision

contexts led to the production of a prototype daily weather forecast for
fishermen and a daily forecast for western Kenya (prior to that only a
weekly forecast was available). The forecast is issued daily to cover a
48-hour period. It provides information on wind speed and direction,
rainfall volume and spatial distribution and visibility, as well as early
warning of potential hazards, such as strong winds, high waves, water
spouts and thunderstorms. To meet locally-specific conditions, the
bulletin forecasts the weather separately for the Gulf of Winam and for
an area of open lake to the west up to 60 km from the Kenyan coastline.
This prototype service is being further extended in WISER phase 2 as
part of the HIGHWAY (High Impact Weather Lake System) project
where a decision-driven early warning system for the lake region is
being co-produced by climate scientists and lake users, primarily those
involved in fishing (Venton, 2018).

4.1.2. Process-based
The idea of a process-based product is to highlight that a climate

service is about more than the product itself, but also the process
through which producers and users engage to develop, test, and refine a
service, while also establishing long-term relationships and trust. A
process-based approach to co-production of climate services might take
place in various ways. Defining priorities, responsibilities, expectations,
and goals can be part of such a process.

There are various models of knowledge exchange and these can
contribute to effective co-production of equitable and inclusive climate
services on a variety of scales. Cvitanovic et al. (2015) highlight the
roles for embedding researchers and using knowledge brokers. Models
such as these help to facilitate process-based co-production bringing
together different actors. Embedding researchers in decision-making

Fig. 2. Product characteristics and process principles of the climate service co-production cycle (source: authors).

Table 2
Evidence of principles in the literature.

Principle Evidence in the Literature

Co-produced product characteristics
Decision-driven Beier et al., 2016; Bessembinder et al., 2012; Feldman and Ingram, 2009; Hegger et al., 2012; McNie, 2007; Prokopy et al., 2017; Vogel et al., 2016
Process-based Akpo et al., 2014; Beier et al., 2016; Feldman and Ingram, 2009; McNie, 2007; Prokopy et al., 2017; Vogel et al., 2016; Wall et al., 2017
Time-managed Akpo et al., 2014; Armitage et al., 2011; Baldwin, 2000; Harris and Lyon, 2013; Lebel et al., 2015; Lemos and Morehouse, 2005; Meadow et al., 2015; McNie,

2007; Polk, 2015; Wall et al., 2017

Co-production process principles
Inclusive Beier et al., 2016; Bessembinder et al., 2012; Diver, 2017; Harris and Lyon, 2013; Feldman and Ingram, 2009; Hegger et al., 2012; Lebel et al., 2015; Lemos and

Morehouse, 2005; Meadow et al., 2015; Polk, 2015; Prokopy et al., 2017; Reyers et al., 2016; Vogel et al., 2016
Collaborative Armitage et al., 2011; Baldwin, 2000; Diver, 2017; Harris and Lyon, 2013; Lebel et al., 2015; Reyers et al., 2016; van Kerkhoff and Lebel, 2015; Adams et al.,

2015
Flexible Dilling and Lemos, 2011; Lemos and Morehouse, 2005; McNie, 2007; Polk, 2015; Harris and Lyon, 2013; Feldman and Ingram, 2009; Vogel et al., 2016; Lebel

et al., 2015
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environments creates improved understanding and empathy, as well as
facilitating knowledge exchange (Cook et al., 2013). Ethnographic re-
search, or participatory action research, in which researchers are em-
bedded within their research context – for example within a rural
community – is another example. Knowledge brokers are typically
embedded within research teams and act as intermediaries to develop
and manage relationships and networks among and between producers
and users (Michaels, 2009). These approaches of managing producer-
user relationships enable the continuous knowledge exchange, mon-
itoring and learning that is necessary within the co-production cycle to
support the evolution of a useful and usable co-produced climate ser-
vice.

Knowledge exchange is important because it both requires and
builds trusting relationships and mutual respect between producers and
users, which are essential for the process of producing a climate service.
Co-production requires reconfiguring of our dominant modes of
knowledge production in which scientific knowledge is considered the
only authoritative or valid form of knowledge. Instead the process-
based nature of co-production fosters alternative modes of knowledge
production based on collaboration and partnership of multiple parties
across epistemological boundaries. This requires fundamentally ad-
justing power relationships to co-construct knowledge through mu-
tually-constituted processes (Djenontin and Meadow, 2018). Thus, the
outcome of the process should include reconfigurations of power re-
lationships and new relationships and institutional arrangements that
are better suited to knowledge co-production and relevant climate
services.

4.1.3. Time-managed
Time management of co-produced climate services is important in

the sense that information needs to arrive in a timely fashion in order to
inform the intended decision. A potential risk of a process-based service
is that the availability of relevant information does not align with the
timing of key decisions. Timely availability of information is particu-
larly important for natural resource-based activities, and so has been
embraced by co-produced climate services targeting farming, for ex-
ample through participatory scenario planning and the Participatory
Integrated Climate Services for Agriculture project (PICSA) (CARE, n.d.;
Dorward et al., 2015; Easterling and Mjelde, 1987). Receiving a sea-
sonal forecast too late, for example, means that farmers may have al-
ready had to make a judgement call about their crop choices in order to
maximise likelihood of a return. The PICSA case, and others with si-
milar aims, also highlight that timing of the delivery of climate services
needs to take into account the cascade of information from producers to
users, including the time required to transmit information across in-
stitutional scales and structures – including horizontally amongst gov-
ernment agencies and vertically from the national scale to the grass-
roots.

Producing a timely product is contingent upon a co-production
cycle that is time-managed. Since the cycle involves identification of
relevant actors, co-exploration of needs, co-development and then co-
delivery of the service prior to evaluation, producing a timely product
requires appropriate time allocation to each of these key stages. Being
decision-driven and process-based requires extensive time for engage-
ment between producers and users and the building of trust (Vogel
et al., 2016; Hegger and Dieperink, 2014). This is because a climate
service is contingent on exploring the need for climate information,
developing the product, using the product, and then evaluating and
possibly redefining and refining. The ongoing nature of inclusive col-
laboration requires regular two-way contact and maintenance of re-
lationships (Kirchhoff et al., 2013). Time for such critical activities is
often not built into project proposals and, even if it is, it is often un-
derestimated significantly. Fig. 3 provides an idealised comparison of
how the time requirement of different stages in the cycle of develop-
ment of a co-produced climate service (blue) might differ relative to a
more traditional weather and climate product development (orange)

where knowledge generation by scientists is imparted to users in a
linear and unidirectional model (Stocklmayer, 2013).

4.2. Co-production process principles

4.2.1. Collaborative
Collaboration underpins co-production and related “co-” terms (co-

exploration, co-design etc.) that refer to the importance of the process
as an end in itself, as opposed to a means to an end. Collaboration is at
the very heart of co-produced climate services, which require the
building of relationships and partnerships between producers and users
throughout the cycle. These collaborations can take multiple forms and
can vary significantly in nature depending on the particular context.
Identifying the decision context and ensuring development of a timely
climate service requires a collaborative process built upon inclusion of
different people with different needs and different knowledge systems.
When done effectively, collaboration may enable sustainability of cli-
mate services beyond the projects that initiate them by enhancing
shared ownership of the process and products (Dilling and Lemos,
2011). Collaboration has been identified as critical in emerging dis-
cussions on development of ethical climate services (Adams et al.,
2015).

To foster meaningful collaboration, there is a need for empathy
from producers and users to consider the respective decision-making
environments on both sides. Scientists often have a different mode of
operation to users, who are typically driven by a range of political,
economic and social drivers that reflect, and in turn inform, societal
development (e.g. Policansky, 1998). However, scientists similarly face
their own constraints, and co-production can be seen as an additional
task simply added to existing workloads (Daly and Dilling, submitted).
This may mean that the capacity of all partners to actively engage in the
co-production process necessarily waxes and wanes depending on de-
mands, which vary depending on their roles, responsibilities, and de-
cision-making contexts. A policy-maker, for example, may encounter an
unexpected policy issue or be subject to the demands of changing po-
litical interests that determine their focus of activities. At the grassroots
level, a farmer’s capacity to engage could be affected by changing
seasons or the occurrence of livelihood shocks, such as extreme events.
Recognizing and actively planning to account for the fact that the de-
velopment of a climate service will be subject to such ebbs and flows
will assist effective collaboration. Considering a role for formalising the
collaboration, for example, through Memoranda of Understanding that
detail the respective commitments of relevant parties, may also help to
build ethical partnerships that cement collaboration. Reflexivity from
continuous knowledge exchange, monitoring and learning throughout
the cycle ensures that collaboration takes place at all stages, from co-
exploration of need, to co-design and co-delivery of the service.

Since it is so pivotal to co-production of climate services, there are
many examples of collaboration. In some cases, formalised fora are
created. The Strengthening Climate Information Partnerships East
Africa (SCIPEA) project, for example, has three service development
teams (SDT), comprised of a members from the National Meteorological
and Hydrological Services (Kenya, Tanzania, Uganda and Ethiopia),
university and end user orgnizations (Kenya Electricity Generating
Company (KenGen), National Red Cross Societies and the East Africa
Regional Food Security and Nutrition Working Group). The Future
Resilience for African Cities and Lands (FRACTAL) project has taken a
different approach to collaboration, relying on embedding researchers
in decision-making environments. In addition to creating improved
understanding and empathy, embedding researchers facilitates ongoing
collaboration and allows insights into how decisions are made to inform
the development of usable climate services (McClure et al., 2017; Cook
et al., 2013).

4.2.2. Inclusive
Ensuring that the co-production cycle is inclusive is also important
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to develop an effective decision-driven climate service. Inclusion of
users, and their partnership in the process of producing a service, can
help construct knowledge that is useful and usable, thus building le-
gitimacy and greater confidence in its use (Jasanoff and Wynne, 1998;
Robinson and Tansey, 2006). Inclusion can refer to the two inter-related
components: inclusion of people and inclusion of knowledge.

Often the idea to generate a climate service originates from pro-
ducers, or at least parties who have familiarity with climate science and
climate product development. This means that there are often implicit
assumptions about the need for climate information, as well as about
the users who have a decision that could be informed by that climate
information. Similarly, science has typically prioritised knowledge
based on theory construction, testing of hypotheses, and refinement of
conceptual models based on defensible methodological processes. The
co-production cycle brings together and involves a variety of people
with differing epistemological and ontological foundations. Through
the co-production process, including co-exploration of the information
needs, experiential knowledge is created and this, in turn, builds le-
gitimacy and increases the fit of information for decision-making (Fazey
et al., 2014). Potential users are diverse and may include planners in
the public or private sector across various realms – e.g., in the energy,
water, health, and agriculture sectors (Daly and Dessai, 2018;
Ouedraogo et al., 2018; Vincent et al., 2017a; Steynor et al., 2016).
Users at the grassroots level, such as farmers or fishing communities,
have also been directly targeted with climate information (e.g. through
participatory scenario planning, ALP, n.d.).

Although substantial literature exists on how to best engage stake-
holders, there is much less attention paid to how to identify those
stakeholders in the first place, and how to maintain relationships and
ongoing collaboration throughout the process (Golding et al., 2017;
Colvin et al., 2016; Meadow et al., 2015; Reed et al., 2014). An un-
critical analysis of potential stakeholders, or users, within climate ser-
vice production can lead to subtle reinforcement of existing power
structures, and systematic exclusion of groups that are typically mar-
ginalised, such as women and the disabled (Goldman et al., 2018; Carr
and Onzere, 2018; Smith et al., 2017). Scrutinising one release of the
UK Climate Projections – UKCP09 – also shows that climate scientists
have narrow perceptions of users, often envisioning them to be tech-
nically capacitated and highly numerate (Porter and Dessai, 2017). The

privileged position of deciding who is awarded stakeholder status, and
therefore included in the process, ought to be undertaken reflexively
and accepted with due responsibility to fully consider the widest po-
tential range of users (Kivits, 2011). Inclusion also may affect the nature
of the decision that the climate service is intended to address, as in-
formation requirements and communication preferences may vary be-
tween different groups of the population (Coulibaly et al., 2015; Archer,
2003). Continuous knowledge exchange, monitoring and learning
throughout the cycle can help to identify any biases in inclusion, as well
as provide opportunities to rectify them.

4.2.3. Flexible
Flexibility is important in the co-production of climate services. A

consequence of taking a process-based approach to producing a deci-
sion-driven service, is that it is not possible to fully map out the process
at the start. As a result of this, a key element is to clearly conceptualise
how co-production contributes to the broader theory of change in the
development of a climate service, which is often overlooked (Tozier de
la Poterie, 2017). Enabling iterative processes of frequent and sustained
interaction between producers and users of climate information re-
quires flexibility to develop usable climate services (Dilling and Lemos,
2011). In the Uncertainty Reduction in Models for Understanding De-
velopment Applications (UMFULA) project, flexibility was necessary to
elicit and understand user needs for climate information in the agri-
culture sector. The initial “clean slate” approach did not provide suf-
ficient detail about potential needs to enable the production of mean-
ingful climate information. For example, this approach identified
interest in the increased occurrence of extreme events – but did not
define the critical threshold for such events. As a result, the process was
modified to take a “multiple options” guiding approach, based on a long
list of potential climate metrics that were informed by interviews on
decision-making contexts (Vincent et al., 2017b). Proactive approaches
to monitoring, evaluation, and learning are at the heart of enabling
flexible and adaptive programming throughout the co-production cycle
(Fig. 2). The need for flexibility is increasingly recognised within a
growing number of socio-economic development programmes, which
have shifted toward adaptive programming to incorporate learning into
activities in real time (see, for example, Villanueva and Gould, 2017).

As well as flexibility in programme design, it is also important to

Fig. 3. Idealised time effort input for co-production compared to the “usual” project cycle (source: authors).
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have the organisational, institutional, and individual flexibility that can
enable adjustment to the shifting needs and priorities that may arise
throughout the co-production cycle (Fazey et al., 2014). An effective co-
production process involves developing new relationships and ways of
working. This can sometimes put a strain on organisations and in-
dividuals, who have different mandates and modalities for carrying out
their work. In this sense, co-production processes are not uniform. It
can take significant time to explore and reconcile these different ways
of working. Such alignment is better enabled if monitoring and eva-
luation take into account users’ perspectives alongside producers’ views
(Soares et al., 2009; Tozier de la Poterie and Daly, 2019). However,
evaluations also need to account for the complexity that is inherent in
the landscape of stakeholders, who necessarily have different capa-
cities, roles, motivations and expectations (Wall et al., 2017).

5. Discussion and conclusion

Co-production requires a different approach to knowledge produc-
tion and the reworking of relationships at the science-society interface –
i.e. moving from supply-driven to demand-driven models. Co-produc-
tion requires actions that are necessary, but often uncomfortable. This
includes reconfiguration of traditional concepts of knowledge and the
hegemony of science on the producer side. This can include disruption
of well-established organisational roles, practices, and routines, as well
as overcoming significant differentials in power between various par-
ticipants involved in co-production processes (Bremer and Meisch,
2017; Daly and Dilling, submitted). However, there is clearly interest
in, and increasing use of, co-production in the field of climate services,
including in developing countries, demonstrating potential for gen-
erating useful and usable information to inform decisions.

Climate services is an emerging field, and co-produced climate
services are growing, particularly in developing countries. However, co-
production has a much longer history in other fields. Despite this long
history, there is considerable variation in terms of whether and how
climate services has been informed by theoretical and conceptual lit-
erature on co-production from other fields and disciplines, as well as
the growing amount of empirical evidence across various contexts. With
continued and growing interest in co-production of climate services, it
will be important to draw on extensive theoretical and practical insights
from long-standing efforts in other domains – including public services
administration, participatory development, and science policy. Based
on content analysis, we distilled six principles which, whilst neither
comprehensive nor prescriptive, can provide a broad normative fra-
mework for the development of co-produced climate services that are
useful and usable.

Key principles of the co-production cycle relate to the product
(decision-driven, process-based and time-managed) and to the process
(inclusive, collaborative and flexible). There are important notes of
caution when considering these principles. First, there are various
conceptual lenses with which co-production can be approached
(Bremer and Meisch, 2017). Here, we apply a normative lens, assuming
that the role of co-production in climate services is to produce usable
science. Second, it is important to note that existing initiatives are ty-
pically project-based. This can constrain more organic or emergent
processes of co-production (Chilvers and Kearnes, 2015), as well as
impede the extent to which they are able to adhere to some of the
principles we propose here, since the scope is predetermined by the
funding commitments (Harvey et al., 2017). The principles have been
distilled on the grounds that there is a rapid growth of interest in co-
production of climate services, particularly in the developing world, but
little theoretical and conceptual information that draws on previous
literature to inform the practice. Without aiming to be comprehensive
or prescriptive, we have thus taken a pragmatic approach, recognising
that this growth in interest will likely continue and success is more
likely if grounded in existing experience. However, we recognise that
normative approaches to instrumental co-production of climate services

should be combined with descriptive analytical approaches that can
foster continual reflexivity within these processes.

Questions still remain around co-production of climate services.
Systematic evaluations are time-consuming and costly and are lacking
with regards to climate services. There is still little proof that co-pro-
duction of climate services is as effective as is often claimed. There is
also only scant evidence of the sustainability of co-produced climate
services beyond project lifespans (Scannell et al., 2016). Perhaps more
fundamentally, there is no agreement on what constitutes ‘successful’
co-production. Typical metrics for evaluation are difficult to apply to
co-production because of the importance of the process as well as the
outcome (Wall et al., 2017). Success criteria that have been proposed
consider the credibility, legitimacy and salience of producing usable
science (taking into account both the producers and users); the extent to
which the process was managed; and the quality of relationships,
shared ownership and sustainability (Wall et al., 2017; Polk, 2015;
Beier et al., 2016; Hegger et al., 2012). There is still uncertainty with
regard to how such principles may be operationalised within practical
evaluation of co-production of climate services, as well as whether and
how evaluative criteria may be developed to enable comparison across
multiple co-production processes and contexts. Furthermore, which
aspects of usability are addressed within processes of co-production are
not neutral, but also reflect and (potentially) reinforce existing power
relations (Daly and Dilling, submitted). Asking such questions will be
vital to testing the utility of the six principles proposed here.
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