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A B S T R A C T   

Effective action taken against climate change must find ways to unite scientific and practice-based knowledges 
associated with the various stakeholders who see themselves as invested in the global delivery of climate 
governance. Political decision-makers, climate scientists and practitioners approach this challenge from what are 
often radically different perspectives and experiences. While considerable work has been done to develop the 
idea of ‘co-production’ in the development of climate action outputs, questions remain over how to best unite the 
contrasting epistemological traditions and norms associated with different stakeholders. Drawing on the existing 
literatures on climate action co-production and from translational perspectives on the science-policy interface, in 
this paper we develop the concept of ‘boundary agency’. Defining this as the agency ‘possessed’ when willing and 
able to translate between different epistemological communities invested in a similar policy and governance 
challenge such as climate change, we offer it as a useful means to reflect on participants’ understanding of the 
‘co’ in co-production. This is in contrast to the more established (often academic-led) focus on what it is that is 
being produced by co-production processes. We draw from two complementary empirical studies, which 
explicitly encouraged i) engagement and ii) reflection on cross-boundary co-production between climate action 
stakeholders from different backgrounds. Reflecting on the two studies, we discuss the benefits of (and barriers 
to) encouraging more active and sustained engagement between climate action stakeholders so as to try to 
actively blur the boundaries between science and policy and, in doing so, invent new epistemological commu-
nities of practice.   

1. Introduction 

In attempting to combat the increased frequency and severity of 
climate threats it is important to recognise that certain places, com-
munities and social groups are likely to experience these dispropor-
tionately and unequally, and will have differing levels of capacity to take 
up and respond to the challenge through the mobilisation of knowledge- 
based resources (Twigger-Ross et al., 2015). Calls are therefore abound 
to improve the “usefulness and usability of the information product for 
the user” (Bremer et al., 2019:42). Critical of this limited framework, 
Bremer et al. argue for a ‘multi-faceted’ approach to incorporating a 
variety of perspectives in order to deliver “climate services that are 
better tailored for climate change responses in particular contexts” 

(ibid.). Meanwhile, practitioner literatures have also started to cham-
pion the value of a more inclusive and democratic approach to climate 
service provision at different scales (e.g. WISER, 2019), as has recent 
application of co-production frameworks to scientific projects to move 
towards transdisciplinary knowledge production (Bojovic et al., 2021). 
Despite this, however, questions remain regarding the enduring nature 
of the institutional, epistemological, and scalar boundaries between the 
different actors involved with co-producing knowledge-based outputs, 
which separate knowledge ‘users’ from knowledge ‘providers’ (ibid.4). 

In what are now recognised as seminal works on the role of knowl-
edge in global environmental governance, Cash et al. (2003), Cash et al. 
(2006a) and Cash et al. (2006b) described the importance of ‘managing’ 
the boundaries that exist between the institutional conventions and 
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practices of different actors involved in trying to address complex 
environmental problems. Focusing on the governance environmental 
problems in a general sense, Cash et al. (2003: 8086) describe how ef-
forts to mobilise science in pursuit of environmental sustainability: “… 
are more likely to be effective when they manage boundaries between 
knowledge and action in ways that simultaneously enhance the salience, 
credibility, and legitimacy of the information they produce. Effective 
systems apply a variety of institutional mechanisms that facilitate 
communication, translation and mediation across boundaries.” Subse-
quently focusing on climate science specifically, it is argued by Cash 
et al. (2006b; 465) that: “research suggests institutional mechanisms 
appear to be useful in managing such boundaries, including mechanisms 
for structuring convening, translation, collaboration, and mediation 
functions.” 

While this notion of ‘institutional mechanisms’ has laid the founda-
tion for a great deal of subsequent research into the roles to be played by 
‘boundary actors’ what if, rather than trying simply to manage bound-
aries, the focus of knowledge ‘co-production’ was to actively subvert 
them in pursuit of new foundations upon which action against climate 
change could be built? Indeed, given the proliferating emphasis on the 
development of universal models of ‘climate services’, to what extent is 
it absolutely necessary that the boundaries between different “epistemic 
communities” (Wan et al., 2020) are re-imagined? While the important 
role played by boundary actors in environmental science-policy in-
teractions (Guston, 2001), and subsequently in climate services (Lee 
et al., 2014) has been well theorised, this has invariably focused on 
boundary actors, with less attention paid to the forms of agency that 
underpin the work of these actors. If the ‘co’ in co-production is regu-
larly outsourced to the work of ‘boundary actors’ where does this leave 
knowledge generation as a co-production activity itself? 

As argued by Dilling and Lemos (2011; 680), while ‘useable’ climate 
knowledge is in part a function of the specific contexts within which it is 
developed, it is also the product of “specific actors and organizations 
who ‘own’ the task of building the conditions and mechanisms fostering 
its creation”. So how should we understand the agency of such actors 
and organizations in a conceptual sense, outside of the specific social, 
cultural and political contexts in which co-creation takes place? What 
are their views and perspectives on the challenges and opportunities that 
emerge from co-production processes? And where does this leave 
knowledge co-production as an aspirational endeavour for user-facing 
climate service delivery through journals such as Climate Services, or 
within the development of Intergovernmental Panel on Climate Change 
(IPCC) reporting processes and its ‘global’ perspective on climate 
governance? While closer attention is being paid within the climate 
service community to “the institutional frameworks and the underlying 
knowledge systems” associated with different parts of the world, ques-
tions remain over the extent to which knowledge re-alignments are 
being “endogenously driven” (Vogel et al., 2019; 1). 

In this paper we take this need for a realignment of knowledge 
production as our starting point in order to think through what a form of 
co-production that actively tries to reinvent the relationship between 
different epistemological communities might look like and the chal-
lenges it might face. Accounting for dialogue over the often misaligned 
perceptions of certain groups’ interests and motivations for taking part 
in environmental governance, we frame our analysis through literature 
highlighting the ‘translational’ nature of effective science-policy inter-
action, and we argue for an approach to climate change research which 
prioritises effective communication strategies for overcoming perceived 
boundaries between scientists, policymakers and practitioners. We 
explore the perspectives of key actors within co-production processes to 
assess the challenges and opportunities faced, and describe this idea as 
‘boundary agency’ to capture the process through which boundaries 
might be actively subverted through sustained engagement between the 
origins of multiple, diverse perspectives; something we argue should be 
as important to co-production discourse as the involvement of different 
actors in the production of outputs. 

The paper follows a clear methodological strategy in making this 
contribution, based on stages of conceptualisation (via literature re-
view); exemplification (via empirical case study); and refinement (via 
reflective discussion). In the following section we engage with the 
existing literature on co-production and use the conceptual work on 
‘translational science’ to develop the concept of boundary agency, 
building on previous work around boundary actors and boundary work. 
Following this we introduce two empirical case studies we draw on to 
further develop the concept of boundary agency and stakeholder per-
spectives on co-production. Rather than following an information deficit 
approach under the assumption that involving people in the process will 
encourage action, we use these two studies to reflect on the enduring 
cultural, political and institutional boundaries that persist during co- 
production processes with view to thinking through how these might 
be overcome. Increased engagement with audiences in a more partici-
patory manner will therefore increase the perceived ability to change 
behaviour and help inform on the availability of alternative options 
(Lassen et al., 2011). 

2. The landscape of climate-service co-production 

2.1. The enduring presence of boundaries in climate service co-production 

Decision-makers and practitioners working in climate mitigation and 
adaptation policy and action continue to face significant barriers, not 
only to accessing scientific evidence, but also to informing its production 
in the first place. The wealth of experience and understanding of climate 
change problems embodied by practitioners and end-users is often 
overlooked by the overly descriptive discourses used to portray their 
relationship with climate science (Harjanne, 2017). Mirroring previous 
(and ongoing) challenges within the field of medicine and environ-
mental health (Corburn, 2007) it is increasingly suggested that a more 
attentive mode of service provision involving the building of coalitions, 
the linking of local insights to meta-policy frames and the use of in-
termediaries to facilitate the process, can offer productive ways forward 
for climate science and policy (Ferguson et al., 2016; Meadow et al., 
2015; Parris et al., 2016). 

Co-production, in this sense, enables a process of public debate, 
discussion and persuasion, which is context dependent (Vincent et al., 
2021), where experts and the public can combine their knowledge, share 
tasks where scientists and policy makers analytically identify problems 
and the public help frame a democratic agenda to address them (Dewey, 
1954). This enables problems to remain connected to their social set-
tings and ‘a plurality of participants engaged in everything from 
problem-setting to decision-making, can contribute to more scientifi-
cally legitimate and publicly accountable decisions’ (Corburn, 2007: 
150). Living labs, for example, have been used as a method of co- 
producing knowledge between different stakeholders, providing real 
world experience and based on research insights, such as work under-
taken by Evans et al. (2015) to increase engagement and collaboration 
between students, staff and relevant stakeholders in embedding sus-
tainability across universities. 

As a theoretical idea, co-production enables a more appropriate 
response to societal challenges in providing an inclusive, self-reflective 
approach whilst embracing challenges the process faces and acknowl-
edging the opportunities this provides (Corburn, 2007; Jasanoff, 2010). 
Maximising the impact of research requires an alignment with the needs 
and challenges faced by end-users and stakeholders involved in decision- 
making on climate change. Decision-making at the local level for 
example on climate adaptation and mitigation requires understanding of 
the intricate processes of decision-making that may involve local 
emergency services, the media, local government, business and NGOs 
when, for example faced with extreme weather events (Howarth and 
Monasterolo, 2016; WISER, 2019). Similarly at the international level 
when deciding complex processes of climate negotiations that may span 
multiple stakeholders, sectors and interests, active engagement with 
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international players in this space ensures an understanding of the 
context and motivation for negotiation positions resulting in better- 
managed processes for producing international agreement with over 
150 signatories such as the Paris Climate Agreement (UNFCCC, 2015). 
Irrespective of the scales at which decision-making is being negotiated, a 
need exists for the development of a framework for facilitating effective, 
equitable and reciprocal engagement between stakeholders. Such a 
framework thus needs to adopt an iterative approach to adapt to the 
evolving needs of stakeholders embedded within it and responsible for 
the co-production of climate knowledge and action. 

With this in mind, co-production has and is being implemented in 
different contexts and at different levels, notably the field of climate 
knowledge (co-)production and decision-making (Vincent et al., 2018). 
Efforts to develop knowledge co-production frameworks has a rich his-
tory of research exploration within public services (Osborne and Stro-
kosch, 2013), principally in social and health care where ‘people’s needs 
are better met when they are involved in an equal and reciprocal rela-
tionship with professionals and others’ (Boyle et al., 2010: 6). Through 
this type of research, and a series of case studies, the value of 
co-production stems from its ability to ‘reframe the problem and 
re-establishing relationships to enable more holistic and people-centred 
approaches (…) ́ and that it ‘can also tackle the lack of trust between 
some users and professionals’ (NESTA et al., 2012: 2). Placing consid-
erable emphasis on the need for well-developed personal and profes-
sional networks, the body of work known as ‘translational science’ has 
emerged as a framework for emphasising the need for research in the 
environmental sciences to span boundaries between scientists, policy 
makers and practitioners (Enquist et al., 2017; Wall et al., 2017). 

2.2. Conceptualising ‘Boundary agency’ 

Building on the work of Guston (2001), the paper by Wan et al. 
(2020) draws attention to the importance of boundary ‘actors’ who 
operate within climate science-policy networks, describing them as 
“institutions or individuals” who “span the boundary between science 
and policy and provide dedicated translational services that facilitate 
the communications between scientist’s and policy-makers”. Similarly, 
and drawing on Elinor Ostrom’s notion of polycentricity, Lee et al. 
(2014) apply this notion of boundaries to the overcoming of failures to 
address global environmental problems through the development of 
monolithic systems of governance. The authors argue that “boundary 
organisations” operate as vital nodes in the development of “climate 
change networks” consisting of collaborative partnerships, able to 
deliver actionable impact where mono-centric regulatory regimes have 
failed (ibid.24). 

Cash et al. (2006a) describe “pervasive and difficult cross-scale and 
cross-level interactions in managing the environment” and that this 
“complexity” is affected by the “interplay of institutions at multiple 
levels and scales” (our emphasis). To what extent, then, is the “conscious 
boundary management” (ibid.1) required to engage with complex 
problems involving multiple stakeholder groups, something that is 
deeply context dependent, reliant on the establishment of particular 
communities of practice? At a time when, as discussed in the introduc-
tion, ‘co-production’ is being actively pushed in both academic and 
practitioner circles as a route forward in the delivery of climate action, it 
seems vital to try and better understand the agencies at work within the 
exercise of boundary-management and the extent to which this might 
represent a generalizable set of practices (as Cash et al., 2006a theorise it 
to be). Understanding this seems vital if climate service co-production is 
to move beyond aspirations to merely bring together different institu-
tional, disciplinary and epistemological communities, and towards the 
production of new, evidence-based, practice-orientated communities of 
climate action, with a better consideration for the values, needs, prior-
ities and perceptions of those communities. 

With this poly-centric, multi-institutional backdrop to climate 
governance in mind, we can ask how we should best conceptualise the 

work that boundary actors actually ‘do’ in forging “common cultural and 
epistemological commitments” on the part of different stakeholder 
groups from across the science-policy landscape (Shackley and Wynne, 
1995: 228). Here we argue that central to their role is the act of trans-
lation, reflecting and incorporating their perspective and needs, and 
turning a particular way of representing the world into an alternative 
one, cognisant of all the political, cultural and institutional baggage that 
comes with this constant re-representation. In conceptualising ‘bound-
ary agency’ as a means of addressing some of the issues discussed in the 
previous section, our aim is a simple one; to animate an engagement 
with the ‘co’ in co-production, rather than (as has been the predominant 
focus previously) being overly concerned with the issue of what is being 
‘produced’. In other words we are less concerned here in understanding 
how co-production can happen to deliver more attuned and digestible 
outputs (and subsequently actionable outcomes) and more concerned 
with the different forms that the cooperation involved can take and what 
it might aspire to achieve beyond delivering specific outputs. 

We present two studies from contrasting scales of the ‘climate 
regime’ (Lee et al., 2014) but which share a mutual focus on developing 
an understanding of the respective aims, perspectives and motivations of 
different stakeholders involved with addressing climate change related 
problems. By combining findings from the two studies, we aim to 
examine to what extent involving practitioners and end-users (and how 
they themselves perceive the process) in knowledge co-production 
processes helps to overcome some of the translational challenges asso-
ciated with the various languages, perspectives and motivations of 
different stakeholders. The following section details our methodological 
approach which focused on directly facilitating cross-boundary dialogue 
and, subsequently, on offering space for reflection on the part of par-
ticipants in co-production processes. agency, this allows us to identify 
how cross-boundary differences get subverted and why. 

3. Empirical case studies 

3.1. Context 

Clear and effective communication of evidence, and impacts, to 
specific audiences is thought to raise understanding of climate change, 
increase resilience to climate impacts, and enhance efforts for reducing 
emissions, but is not always adequately achieved. The linear process of 
information dissemination rests on climate science being communicated 
to decision-makers with assumptions that they are able to interpret this 
information in a manner that can improve the efficacy of decision- 
making. Yet due to complexity and uncertainties, the expectations of 
decision-makers regarding how their actions can be better informed by 
science, may not be met (Howarth and Painter, 2016). In order to 
overcome this, the concept of co-production allows for communication 
and engagement between stakeholders of user needs and provider ca-
pabilities, in theory offering a more robust framework for interaction 
with a deeper embedding of stakeholders perspectives, needs, values 
and priorities. Questions remain, however, over how this ‘co’ production 
should be practiced and whether or not facilitating dialogue between 
users and providers of knowledge is enough to overcome the boundaries 
between embedded epistemological traditions (Baker et al., 2020). In 
particular, in our discussion of boundary themes explored in these two 
studies, we consider (i) how evidence is perceived, used and co- 
produced across scales to inform climate action, (ii) the range of re-
sponsibilities held by different climate action ‘stakeholders’, and (iii) the 
consideration of different stakeholder expertise and knowledge in 
formulating climate action according to certain timescales and political 
lifecycles. 

We address this question by engaging with two separate, yet com-
plementary empirical studies that we bring into conversation with each 
other to reflect on the boundaries at which different producers, pro-
viders and users of knowledge interact, and hence advance the con-
ceptual framework presented in this paper. The first study adopts an 
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organic, open and exploratory approach to probe more explicit issues 
about incorporating co-produced knowledge into existing policy-aimed 
scientific evidence consolidation processes such as the IPCC Working 
Group report drafting; the second study adopts an intimate forum for 
honest reflection in which it identifies and unpacks boundary tensions of 
co-produced knowledge around climate shocks in the UK. 

3.2. Study 1: co-producing climate evidence with practitioners 

The Intergovernmental Panel on Climate Change (IPCC) provides the 
most comprehensive assessment of climate change knowledge through 
its three Working Groups (WG), each producing Assessment Reports 
(AR) on the science of climate change (WG I), impacts, adaptation and 
vulnerability (WG II), as well as mitigation of climate change (WG III) 
(IPCC, 1998). The production of these Reports is complex and lengthy 
with experts nominated by government focal points, observer organi-
sations and the IPCC Bureau (IPCC, 1999) based on criteria such as 
“scientific, technical and socio-economic expertise, geographical rep-
resentation; a mixture of experts with and without previous experience 
in IPCC; gender balance; experts with a background from relevant 
stakeholder and user groups, including governments” (IPCC, 1999: 4). 
Evidence synthesis for the IPCC reports is conducted primarily by the 
scientific and political communities, and while comprehensive and 
thorough, it does not fully take into account the needs of end-users 
working on the ground (Devès et al., 2017; Howarth et al., 2017) by 
considering, for example, how its reports will be accessible to or used by 
practitioner communities. This has been addressed to some extent in the 
IPCC through its process of admitting observer organisations to sessions 
of the IPCC and its WGs as long as they are “qualified in matters covered 
by the [IPCC]” (IPCC, 2012: 1). 

The IPCC process is a unique mechanism through which the latest 
academic knowledge on climate change is consolidated and shared. This 
enables the policy community to design and implement policies based 
on the most up-to-date assessment of scientific evidence. However, the 
potential benefits of practitioners and end-users contributing more to 
the IPCC WGII process are rooted in the extensive experience and timely 
evidence of practical examples of climate adaptation that could be 
brought to the table. The types of work they undertake (e.g. impact 
assessments) provide real world examples demonstrating the potential 
for transferability to wider international contexts. Despite this, the 
thorough peer review process undertaken by the IPCC in drafting its 
reports is not suited to incorporate this type of knowledge. This is mainly 
the result of the IPCC’s role to consolidate climate science (without of-
fering recommendations) through an academic-oriented and peer- 
review mechanism with long lag times, as well as communication 
challenges, including different language and cultural interpretations 
(IPCC, 2015). 

Data from three workshops in the UK with 46 representatives from 
the academic, policy and practitioner communities (Table 1) explored 
the extent to which practitioner-based evidence incorporated in IPCC 
reports could enable better scientific advice on climate responses. Par-
ticipants were invited to attend one of three identical workshops con-
ducted over three consecutive days to maximise chances of participant 
availability. If specific invitees were unable to attend, they were asked to 
send a substitute from their organisation. All three workshops aimed to 
address the following questions: (i) How are IPCC outputs used to inform 
decision-making? (ii) What is the role of practitioner-based evidence in 

the IPCC WGII process? (iii) Can a process of co-production facilitate this 
process? Building on the findings of Howarth and Painter (2016) and 
Howarth et al. (2017) regarding the potential for more engagement with 
practitioners in the development of IPCC reports, the data reported in 
this paper focuses on the third question explored in the workshops: How 
can a process of co-production facilitate the incorporation of practi-
tioner knowledge(s) into this process? The workshops, lasting half a day 
each, were semi-structured to enable a free flow of discussion consid-
ering the mix of stakeholders participating, and participants were 
randomly split into two or three groups within each workshop. The 
design of the study enabled an organic approach to be adopted whereby 
honest accounts, experiences and reflections on tensions within and 
across the boundaries of the scientific-practitioner-policy interface were 
obtained by the deliberate mixing of the diverse workshop participants. 
Workshops were conducted under Chatham House rule with a note-taker 
capturing discussions. Discussions were analysed using thematic anal-
ysis and a draft of the analysis was shared with participants who 
considered it to be an accurate and representative account of the dis-
cussions held. 

3.3. Study 2: co-producing decision-making in response to climate shocks 

The UK Nexus Shocks project, funded by the ESRC Nexus Network, 
sought to facilitate constructive conversations on climate shocks topics 
and explore some of the practical challenges associated with the inte-
grated and transdisciplinary approach required to effectively manage 
and respond to climate shocks. With the likelihood of such shocks pre-
dicted to increase due to a changing climate, the need for effective, in-
clusive decision-making across sectors is increasingly important. The 
first phase of the project consisted of five workshops held in 2015 to 
analyse the range of barriers and opportunities for decision-making in 
the context of climate shocks in the UK (see Howarth and Monasterolo, 
2016, 2017). Reframing the nature of decision-making as a trans-
disciplinary process involving multiple people, organisations, sectors 
and strategies, opens opportunities to examine issues within these 
decision-making processes and to identify ways to improve resilience to 
these shocks through the development of more appropriate knowledge 
bases. 

This paper reports on the second phase of this study with data on 
stakeholder perspectives presented through 27 semi-structured in-
terviews from three pre-defined categories: (i) Policy communities 
(involved in formulating policies and decisions on climate change 
related issues, N = 9), (ii) Practitioners (involved in implementation of 
climate-related solutions or decision-making processes on the ground, N 
= 9) and (iii) Academia/Science (N = 9). Organisations represented by 
interviewees ranged from academic institutions, (national and local) 
government departments and agencies, government funded indepen-
dent bodies and organisations, utility and infrastructure companies, and 
local resilience forums. Individuals were approached based on their 
knowledge, expertise and experience of decision-making in relation to 
climate change related issues. This was assessed based on the literature, 
a review of UK organisations and institutions, attendance lists to recent 
climate events and project contacts. A snowball technique was adopted 
by asking interviewees for recommendations on additional people to 
interview for the research. 

Interviews were treated as anonymous and confidential, within the 
bounds agreed. The semi-structured interviews followed a broad funnel 
approach and the analysis presented in this paper focuses on the 
following themes referring to the co-production of evidence and 
knowledge: (i) extent of involvement of end-users in the production of 
evidence, (ii) opportunities and benefits of involving end-users, (iii) 
barriers to involving end-users and overcoming these. The use of semi- 
structured interviews enabled a more intimate, trusted and honest 
setting in which interviews could reflect as freely as they wanted on 
their own experiences and knowledge of the tensions experienced at the 
science-practice-policy interface relating to climate action. Individual 

Table 1 
Workshop participants.   

Academic Practitioner Policy 

Workshop 1 3 6 5 
Workshop 2 5 7 3 
Workshop 3 7 6 4 
Total 15 19 12  
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interviews were transcribed using intelligent verbatim transcription and 
a quality assurance process was applied whereby each interview was 
checked by the interviewer and then sent to the interviewee for accuracy 
and verification. Transcripts were cleaned, formatted and imported into 
NVivo 11 for analysis and coding using a combination of inductive and 
deductive thematic coding. 

4. Findings 

4.1. Study 1: co-producing climate evidence (e.g. IPCC reports) with 
practitioners 

4.1.1. Understanding the value of co-production as a process 
Co-production was not understood in the same way by all workshop 

participants, with the majority considering the term in a loose way, to 
simply capture whether or not end-users had been involved in evidence 
production. Whereas, others familiar with the term, considered a stricter 
definition with workshop discussions showing that, while practitioners 
may already have some limited involvement in the IPCC process 
(particularly for WGII), embedding their evidence further through a 
process of co-production, and consideration of their evidence as com-
plementing that of scientists and policymakers, would be more useful in 
from their perspective, and would thereby strengthening the findings 
and usability of the IPCC reports (Workshops 1, 2, 3). This aligns with 
the recommendations made by Howarth et al. (2017) to allow IPCC 
outputs to enable more actionable decision-making: that the IPCC WGII 
should incorporate more practitioners as authors, and that a new IPCC- 
linked body and a practitioner-led IPCC Special Report are needed to 
synthesise and report on good-practice responses to climate change. 
However, this would not be without challenges: discussions raised 
concerns related to maintaining the academic rigour of IPCC outputs and 
the extent to which this approach would conflict with the IPCC’s remit to 
be policy relevant whilst not being policy prescriptive. For example, 
workshop participants generally agreed this should be the case for WGI 
but was not appropriate for WGII, as the very scope of WGII means it is 
perceived by many as inevitably being “action orientated,” therefore 
creating a need for “actionable evidence” (Workshop 2). Many partici-
pants identified this as an opportunity where practitioner-based evi-
dence could add value to the IPCC, as practitioners are well placed to 

provide case studies of what successful climate adaptation looks like on 
the ground. In addition, their vast experience in best practice and lessons 
learnt would provide valuable insights in what to pursue and what to 
avoid in the future. 

4.1.2. Defining the co-production of scientific outputs 
Workshop participants were invited to define what co-production 

would look like to produce IPCC outputs, however it was felt to be a 
process particularly difficult to define, nonetheless a set of key charac-
teristics were agreed (Fig. 1). Through the process of co-production, 
participants discussed how each stakeholder would enable space for 
the incorporation and discussion of opinions and expert knowledge of 
others – if facilitated properly – hence providing the opportunity to take 
into account alternative perspectives and views. The co-production of 
outputs would therefore engage practitioners in the process while also 
allowing for joint-ownership of the process and outcomes between sci-
entists and practitioners. Participants considered this to be a significant 
help to end-users if they were involved from the outset and given co- 
ownership of the process (Workshop 1). There was consensus across 
the workshops that co-production would enable the IPCC and its sci-
entists to provide a stronger case for more resilient, useful and usable 
solutions to climate change. In addition, sharing lessons learnt as well as 
informing the IPCC about on-going work on climate responses would 
consequently become intrinsic to the process, rather than an after-
thought. It was felt that this would avoid the pitfall that the Summary for 
Policy Makers fall into whereby the findings are presented to policy- 
makers to debate and negotiate the wording themselves. It was also 
generally agreed that the more actors co-owned the delivery and pro-
duction of the IPCC reports, the more likely they would be used. 

“You are going to struggle to understand, be motivated or feel something is 
relevant if that document has not had input from people like you.” 
(Workshop 2) 

The process of co-production would thereby aim to incorporate end- 
users in a process of co-design of objectives, processes and outputs to 
better and more accurately capture existing evidence and experience to 
inform practical climate action on the ground. Consequently, outputs 
and processes produced will have been co-designed by individuals and 
organisations already involved in shaping decision-making as well as 

Fig. 1. Characteristics of co-production from workshop deliberations.  
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those who could potentially be affected by those decisions. In doing so, 
an understanding of people’s interests, needs and experiences would be 
achieved, providing a platform for negotiating conflicting interests and 
shaping mutually beneficial outputs. Solutions to climate change require 
cross-sector and cross-stakeholder interaction and collaboration with 
combined leadership from academic, political and practitioner com-
munities whose expertise and knowledge contributes to the develop-
ment of climate action. Adopting co-production approaches would 
enable those participating to gain an understanding of the roles of others 
involved in the process, enabling them to better adopt these roles 
themselves, to self-reflect on overlapping motivations, which could help 
better shape climate policy and related processes (Workshop 3). 

This could be done in one of two ways (Workshops 1, 2, 3): the first is 
through co-production between policymakers, practitioners, academics 
which would enable a better understanding of the needs of each of these 
stakeholders through a collaborative process: policy makers and prac-
titioners mapping out specific needs and areas of policy relevance for 
which academic research is needed; practitioners bringing expertise and 
evidence of best practice and their take on what is required to imple-
mentat solutions; academics bringing expertise in trans-disciplinary 
knowledge, methodologies, processes, rigour and systemic thinking. 
Adopting this approach would ensure the interests and needs of stake-
holders and end-users are relevant. The second would entail academics 
co-producing evidence with practitioners: whilst providing similar benefits 
to the first option, this would also address concerns around the impact of 
incorporating practitioner-based evidence on the rigour and standard of 
academic research. This would enable a direct transfer of knowledge 
between academics and practitioners and enable each to gain a better 
understanding of the knowledge, needs and methods of the other. 

4.1.3. Challenges and opportunities for knowledge co-production 
A number of challenges and opportunities for adopting a process of 

co-production were discussed (Table 2) in the workshops. Overall, 
through its collaborative approach, participants thought co-production 
moves beyond a traditional process of stakeholder engagement, which 
often resembles an end-user consultation process where they do not (co-) 
own the process. It was widely recognised as a process that provides a 
trusted space for open and transparent discussion and negotiation where 
stakeholders can push, support, challenge or find compromises on pro-
posed policies or solutions. Workshop discussions concluded that IPCC 
WGII Coordinating Lead Authors could include and encourage practi-
tioner evidence through co-production, and that climate scientists could 
adopt co-production approaches in the production of their science 
(Workshop 2), ultimately maximising the use of produced outputs. 
However, while this could make IPCC WGII more actionable, partici-
pants stressed there would be significant challenges in implementing 
this in practice. Trust was a key issue raised (Workshop 2) in asking 
stakeholders to come together through a process of co-production due to 
the risk of dilution of each actor’s desired outcome to compromise with 
others’ agendas. However, approaching an issue as a group ensures that 
outlier views are filtered, resulting in a more robust outcome. It was 
therefore agreed that this may only be the right course to take if all 
group members were working towards the same goal with mechanisms 
to assess transparency and accountability in place. 

4.2. Study 2: co-producing decision-making in response to climate shocks 

4.2.1. Understanding the value of co-production as a process 
Interviewees provided a range of examples of projects in which end- 

users had been involved: impacts of climate change on UK electricity 
distribution (AC2); urban heatwaves (AC6); public dialogues on flood 
risk (P06); water utility companies (PR10). Co-production was 
embedded throughout many processes mentioned and the way in which 
co-production was implemented varied depending on the nature of the 
project in question and/or stakeholders involved. For some, it was the 
standard way to develop a product or tool with ideas at the start, then 

meetings set up with end-users to make sure the product or process 
meets needs and is as helpful as possible (AC7). 

“We are going to be, ultimately, some of the biggest end-users of a £4 
million investment in natural flood management, and I think it was really 
helpful that NERC approached us right from the very start. Before they’d 
actually got the programme sorted out, they were seeking our input in 
terms of planning, how it should work, what it should cover, what the call 
should set out, what priorities we had, right from the very start then. So, 
we had about a year’s worth of planning before the call actually went out. 
So, we were fully engaged in the process and I think that’s been a really 
positive experience” (PO9) 

Co-production was characterised in a number of ways including co- 
creating knowledge on how to communicate risk to enable collaboration 
between experts and communities (AC4); creating a steering group for 
research council-funded research programmes (PO7); developing 

Table 2 
Challenges and opportunities of co-production (from Workshops).   

Opportunities Challenges 

Collaboration  ● Goes beyond engagement 
through empowering those 
involved in the process  

● Includes broader range of 
experts  

● May overcome tensions 
and incompatibilities 
within and across different 
stakeholder groups  

● Access to new expertise, 
knowledge and funding  

● Encourages shared 
knowledge  

● Breaks down the silo 
culture into a more system- 
based view  

● Hard to have an inclusive 
process if the system it 
exists in is heavily 
politicised  

● Potential incompatibility 
between stakeholders 
involved  

● Assessing level of 
seniority of stakeholders 
needed to take part  

● Different stakeholders 
work to different 
timescales and interests  

● Risk of (perceived) 
damage to credibility and 
accountability of those 
involved  

● Deciding who to include/ 
exclude  

● Participants may not want 
to divulge information if 
not commercially 
beneficial for them 

Focus on 
outcome and 
impact  

● Can help build relevance 
into the outcome for all 
those involved  

● Enables those involved to 
think of the impact of their 
work and contribution to 
wider society  

● Demonstrate impact to 
funders  

● Considers outcomes of the 
process from the outset 
hence producing more 
resilient solutions  

● Maintaining a sense of 
direction and aim when 
responsibility and 
leadership are diluted  

● Framing the question to 
address is key to 
maximise collaboration 

Co-ownership  ● Jointly owned and engaged 
by those involved  

● Difficulty in encouraging 
those involved to 
relinquish leadership in 
process for better 
collaboration  

● Question of who owns the 
intellectual property 

Structure  ● Time restrictions can lead 
to a more efficient process  

● Can identify the range of 
potential uncertain societal 
impacts of an approach  

● Challenges scientific 
approach that solutions are 
created by consensus  

● Practicalities of getting 
people together  

● Potential to 
overcomplicate process  

● Requires significant 
resource and time  

● Need to understand the 
context of the co- 
production process  

● Transferability to 
different contexts  
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responses based on local needs (PO3); combining insights from different 
academic disciplines to understand how future trends will evolve (e.g. 
climate change security scientists collaborating with World Food pro-
gramme on Sudan food security, to understand how food systems and 
food security will be affected in the future) enabling flexibility and 
agility providing much clearer information to support adaptation ac-
tivity (PR7). 

4.2.2. Opportunities and benefits of involving end-users 
Interviewees were asked about how useful they thought it was to 

involve end-users in the production and communication of evidence to 
inform climate decision-making, views were mixed although overall this 
was seen as positive and useful whilst still raising challenges (PR6). It 
was seen as critical by many (PR10, PO9, AC7, AC4) and that “there’s no 
point in developing a product that is not understood or not used by the end- 
user” (AC7). For some, almost everything that is done is through co- 
production by incorporating experience of both end-users and de-
velopers of research as early as possible in the process (PO7). A key 
benefit of engaging end-users through a co-production process consid-
ered by interviewees included ensuring evidence, outputs, tools are fit 
for purpose and meeting needs, that questions asked are relevant (AC4) 
particularly when stakeholders need to “be driven by what works for 
people and I don’t think our traditional ways of working encompass that yet.“ 
(AC4); this is especially relevant at the local level as this type of 
collaboration is essential to fund infrastructure projects (PR10). 

“I think they are crucial in all of this because otherwise we are designing 
things that are not fit for purpose and they won’t use it and it won’t help 
them.” (AC4) 
“There’s no point us doing interventions if we’re not sure about how 
they’re actually going to work on the ground. And I think the problem in 
the past is we’ve been talking to people, we’ve not been working with 
people. We need more in the future to work with people.” (PO3) 

Co-production was considered as enabling more effective, better 
decisions to be made and essential as “co-production is a way to get good 
impact” (PO9). Involving end-users was seen by practitioners as hugely 
relevant to frame the challenges to overcome, to get some steer making 
the end product more useful (PR6) and ensuring whether specific pro-
cesses or products works for them and whether accompanying infor-
mation was sufficient (PR5). 

“I think being able to present the outputs from these climate models into 
the terms that the people are actually interested in is critical. You can’t do 
that without working with the decision-makers about what information 
you need to make a decision.” (PR7) 
“They help us frame the problem and help us to frame it differently so we 
might contextualise something differently.” (AC4) 

Furthermore, co-production was seen to enable access to valuable 
knowledge, such as community knowledge on locations of vulnerable 
people (AC6), that would otherwise be untapped. Accessing personal 
experiences and stories experienced by end-users further enriches the 
process particularly when this involves direct interaction with end-users 
and those working on the ground. This is especially true when infor-
mation dissemination and knowledge exchange can lead to distillation 
of important evidence which can highlight areas that need more atten-
tion and where new empirical evidence can challenge anecdotal infor-
mation received from other sources (PO3). Similarly, co-production also 
enables collaboration to bring funding and funders together to develop 
innovative, agile and responsive modes of funding. For example, end- 
user collaboration involving a water company and local stakeholders 
enabled the funding of infrastructure projects and similarly making a 
joint case for action and the production of evidence (PR10). 

4.2.3. Barriers to involving end-users 
A number of barriers were identified in the process of involving end- 

users in co-production. Some interviewees failed to see how co- 
production was carried out in practice and that at times it merely felt 
like an “empty slogan” (AC3) and was seen as a way for government 
actors to pass on protective responsibility to the people it should be 
protecting (AC3). A ‘Policy’ interviewee felt co-production was not 
relevant to operational spaces or professional services (e.g. consultancy) 
and that it was seen as an academic exercise where the outputs might be 
used but would not necessarily be enticed to participate in the process 
itself (PO10). Within this context, clients are often considered to be end- 
users however clients themselves are increasingly interested in their 
own end-customer (PR3). 

Co-production was considered to be time and resource intensive 
(PO9), particularly as it takes time and investment to engage and 
maintain relationships with sustained trust and willingness of end-users 
to engage (AC4). As a result it may not always be possible to fully 
involve end-users but instead they could be incorporated in an event or 
project during the preparation and planning stage (PR5) with forward 
planning helping to overcome this barrier “to balance time investments 
with other work demands” (PO9). The lack of resources often experienced 
by those who might wish to engage in co-production, also signalled an 
inability to generate data, or running the risk of duplicating what others 
were already producing (PO10). Similarly, Research Councils’ emphasis 
on novelty and scientific excellence, could lead to application or impact 
considerations suffering (PO7). In the context of policy, funding is 
limited in government departments suggesting Research Council’s may 
have greater control over what is funded (PO7). In addition, there is a 
need for commitment to fund projects which deliver long-term strategic 
research/advice as it is often felt there is a gap between what govern-
ments need in the immediate to demonstrate clear policy relevant re-
sults, and Research Council’s wanting long term scientific excellence 
(PO7). Both are needed with a focus on long-term strategic advice that 
doesn’t necessarily deliver high impact journals or immediate policy 
advice, but in the longer term, can have built capacity and developed 
long-term solid projects and networks (PO7). 

Another challenge is the possibility of widespread apathy to engage 
with a co-production process (e.g. PR4) and individuals may not recall 
their own experiences of impacts of climate events (such as floods) that 
they feel can contribute to the process (PR4). While some individuals 
were willing to engage by providing advice, it is not always seen as a 
worthwhile activity and can be seen as resource intensive (AC4) with 
little immediate gain (PO10). Similarly, there are often cultural and 
epistemological barriers to overcome across the different stakeholder 
groups who would participate in such a process, siloed perspectives are 
another barrier in regards to what is considered to be science and evi-
dence, who owns these, how they are produced and which is to be 
considered most effective to inform decision making: “that’s my piece not 
yours” (PO7). 

A range of practical issues emerge when involving end-users which 
can further exacerbate the challenges discussed above, this can range 
from not having the adequate know-how to engage in co-production, not 
understanding what co-production is, interpreting this in different ways, 
having to explain different scenarios, having to present evidence 
differently to different stakeholders, striving to avoid stakeholder fa-
tigue and overcoming difficulties around conflicts of interest. There are 
different ways of working where stakeholders and end-users may not 
speak the same languages, data or evidence can often be very numeric or 
computational which is often very difficult to integrate with local 
knowledge of individual communities (AC4, PR7). It can be practically 
challenging to identify and define who end-users are as an end-user 
could be considered to be a farmer or the person who advises him/her 
(PO7). These different end-users will have different needs (PR6) and 
there may be different interpretations of who actually is an (AC3). 
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5. Discussion: a translational mode of co-production for climate 
action 

Having presented the findings of the two studies in the previous 
section, in this integrated discussion section we want to reflect back 
across the two together and provide a perspective on co-production, 
which goes beyond reflections on the process often led by academics 
who are attempting to engage in co-production research. We seek to 
draw on the insights drawn from the two studies on stakeholders’ per-
spectives on the value and constraints to co-production in climate ser-
vices and climate knowledge production. In so doing, these insights help 
us to further our understanding of boundary agency and the role it plays 
(or needs to play) in delivering more integrated knowledge bases which 
sit between the ‘general/universal’ and ‘specific/contextual’ poles 
identified by Cash et al. (2006a: 3). Informed by the literature review in 
section 2, we organise our reflections around three boundary ‘themes’ 
(spatial and jurisdictional boundaries; institutional and managerial 
boundaries; and political and temporal boundaries) in order to explore 
the nature of the boundaries identified through the empirics and how 
they manifest during processes of co-production. 

Spatial and jurisdictional boundaries refer to the scales at which both 
the causes and the impacts of climate change can be identified, described 
by Cash et al. as comprising global, regional, ‘landscape’ and ‘patches’. 
Meanwhile, jurisdictional boundaries correspond to the different levels 
of administrative geography from international cooperation down to 
local authorities. This is particularly pertinent to the findings that 
emerge from the two studies above in considering the role of evidence, 
how it is perceived, used and (co) produced at different scales to inform 
climate action. This emerges in the IPCC study in relation to the syn-
thesis of evidence from different geographical scales (with the national 
scale dominating) alongside who the producers of this evidence are (e.g. 
scientists, policymakers or practitioners) and the extent to which they 
worked together to produce it. Considering the IPCC, and other science- 
driven processes, seek to be policy relevant without being policy pre-
scriptive, serious discussion is needed as to whether this is in fact 
possible considering the range of actors involved in the production of 
evidence (and whether in fact this can lead to a co-production of evi-
dence) and the different ways in which this knowledge is viewed, pro-
duced, valued and stored. Our analysis shows that co-production is 
highly valued by stakeholders involved in enabling a complementarity 
of knowledge, experience and evidence from different stakeholders to 
come about enabling a greater usability of outputs. Development and 
applications of knowledge to inform climate action at the international, 
national, regional and local levels is highly context dependent, and by its 
very nature is and needs to be policy prescriptive, challenging the notion 
that available evidence (such as that synthesised in the IPCC process) 
can and should be policy neutral. 

Institutional and managerial boundaries refer to the various re-
sponsibilities associated with certain climate action ‘stakeholders’. 
These boundaries include both ‘formal’ differences between places and 
groups (such as laws and regulations) as well as more ‘informal’ cultural 
elements associated with management practices and traditions. These 
boundaries are those which remain ‘in the background’ when co- 
production processes (such as those discussed in section 4) explicitly 
bring together different groups of stakeholders. While the ‘physical’ 
gaps between these stakeholders may be closed through co-production, 
certain assumptions and epistemological traditions associated with the 
different groups may remain as highlighted in the opportunities and 
challenges to co-production identified above. Our analysis of the two 
studies highlights the many opportunities recognised with engaging in 
co-production processes and the benefits of having a plethora of stake-
holders involved. It empowers those who take part to share their broader 
experience and knowledge, it provides a structured and co-owned pro-
cess and enables collaboration that focuses on outcome and impact, 
inevitably leading to outputs that are understood and used by end users. 
In so doing, outputs are better aligned and fit for purpose enabling more 

effective decisions to be made, and generally the process is accepted and 
perceived as credible and useful by those stakeholders involved. Co- 
production of climate action and solutions requires input and exper-
tise from different stakeholders, calling for a mirrored process in the 
production and synthesizing of evidence to produce climate action- 
relevant outputs (e.g. IPCC reports, climate risk assessments) and ulti-
mately support decision-making (Lemos and Morehouse, 2005). The 
process of co-production allows for a sharing and communication of 
stakeholder interests, considered vital to those actors involved, and 
providing a platform for negotiating conflicts and shaping mutually 
beneficial objectives and outputs. 

Political and temporal boundaries refer here to those boundaries 
related to the timescales across which climate change is rendered as an 
urgent (or not) governance ‘problem’ as well as the lifecycle of political 
systems at different scales and the impact this has upon the shifting 
prioritization of climate action. Our analysis of the two studies high-
lights the benefits of co-production processes and the value of including 
a range of expertise and knowledge in the planning, development and 
implementation of climate evidence nevertheless it can be practically 
challenging to identify and define who the end-users of climate infor-
mation are, and often cultural barriers need to be overcome across 
different stakeholder groups participating in order to deliver impact on 
the ground. Co-production offers the opportunity for inclusion of diverse 
voices, however the identification of local and small-scale stakeholders 
and an understanding of how to navigate theirs and others cultural 
barriers and epistemological histories may be neglected. With this in 
mind, co-production is not understood or valued in the same way by 
those partaking, and considerations of its implementation vary sub-
stantially depending on the nature of the project in question, the 
intended output/outcome and the stakeholders involved. As highlighted 
in the previous section, co-production can be seen as an empty slogan 
and a way to pass on responsibility for climate action to others, calling 
for a deeper consideration of how the process can be effective and robust 
while maintaining rigour and without subverting responsibilities or 
passing these onto others. 

Through two empirical studies on co-production, we have explored 
the concept of boundary agency, seen here as a set of active measures 
(such as communication strategies) aimed at mediating and overcoming 
boundaries between epistemological communities invested in a similar 
policy and governance challenge such as climate change. Our explora-
tion of spatial and jurisdictional boundaries, institutional and manage-
rial boundaries, and political and temporal boundaries within this 
context, as well as considering insights from stakeholders on the role and 
value of co-production, demonstrate that co-production should be seen 
as an essential and inclusive process, with the mutual construction of 
‘good science’ not solely determined by the scientific community but 
also by interactions with internal and external stakeholders and with a 
wide end-user community. Involvement of a range of stakeholders in co- 
production processes forces them to go beyond their role as (passive) 
recipients of research knowledge and play an active role in commis-
sioning, overseeing and assessing research. As demonstrated in this re-
flections above, involvement of practitioners and end-users in the 
inception of research projects and climate policy drafting can offer a 
means of communicating the values and perspectives of different 
stakeholders and ultimately lead to higher levels of engaged and utilised 
work, better aligned with end-user needs (Martin, 2010). 

6. Conclusion 

The disconnection between the producers of climate knowledge and 
its users remains an impediment to the delivery of effective climate 
services and ultimately to progress on climate action (Bremer et al., 
2019; Viner and Howarth, 2014). As targets implemented through in-
ternational and national policies will affect and require participation, 
through co-production, by different stakeholders, their awareness, un-
derstanding, engagement and action is necessary to ensure uptake of 
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measures and sustained changes fill gaps where legislation and tech-
nology fail. Our analysis highlights the many benefits of co-production 
as well as the challenges including: the focus being on process rather 
than impact; production of evidence not always aligning with what 
constitutes sound evidence to inform decision-making; and an insuffi-
cient evidence base on the successful use of co-production approaches 
within climate services. Whilst it was not within the scope of this paper 
to explore these in the context of the specific stakeholders involved in 
the studies (e.g. policymakers, practitioners, scientists), this would be an 
interesting and important area for future research to gain a deeper un-
derstanding to the contextualisation of evidence, needs and expertise of 
these actors in the co-production of climate action. 

A co-production process requires power relations between actors 
involved to be addressed, consideration for the inter-connections of is-
sues and interests at stake and the implications these may have as well as 
identifying common goals in the process (Pohl et al., 2010). In order to 
enhance the co-production discourse which predominantly focuses on 
the involvement of different actors in the production of outputs, in this 
paper we have framed our discussion around the concept of boundary 
agency to capture the process through which boundaries between sci-
ence, policy and practitioner communities come to be blurred (or not). 

The capability to translate something from one language to another 
brings with it considerable agency (in addition to responsibility). 
Drawing on the literatures on co-production and translational science, 
we have discussed how, rather than co-production being an exercise 
focused on developing mutually agreeable and understandable outputs 
and actions, it is a process specifically focused on appreciating why 
different actors are participating in the process itself and in doing so, 
opening up the potential to invent new communities of practice, better 
suited to the multiscalar governance challenge of climate change. 

Our findings go beyond academic studies that attempt to engage with 
and observe co-production, by demonstrating the importance of incor-
porating stakeholder perspectives in the design, implementation and 
uptake of ‘co’ production. In so doing, co-production enables a better 
understanding of how evidence is perceived, used and co-produced 
across scales to inform climate action; it provides clarity on the range 
of responsibilities held by different climate action ‘stakeholders’, and it 
enables more efficient consideration of different stakeholder expertise 
and knowledge on climate action within different contexts. Rather than 
filling gaps between assumed scales, further discussion is needed on how 
scales of action might be something that can be co-produced though the 
development of new knowledges, and to what extent scale and poly-
centricity can be renegotiated and debated via co-production rather than 
taken for granted? The potential for this seems to be increasing, with 
greater attention now being paid to the adaptive capacity of an 
increasingly ‘polycentric’ mode of global environmental governance 
itself (Carlisle and Gruby, 2019). Devolution of responsibility to various 
different scales allows for a new appreciation of ‘non-expert’ commu-
nities in deliberative processes, ultimately enabling these communities 
in the delivery of impactful outcomes (Collins and Evans, 2002; Durose 
et al., 2011; Fischer, 2000; Ostrom, 1996). In order to embrace this 
polycentricity, however, we argue significant attention needs to be paid 
to how boundary agency can work to enable climate service participants 
to gain an understanding of the roles and perspectives of others, adopt 
these roles themselves and reflect upon divergent and convergent 
motivations. 
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