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As climate change impacts unfold across the globe, growing attention is paid
toward producing climate services that support adaptation decision-making. Academia,
funding agencies, and decision-makers generally agree that stakeholder engagement
in co-producing knowledge is key to ensure effective decision support. However,
co-production processes remain challenging to evaluate, given their many intangible
effects, long time horizons, and inherent complexity. Moreover, how such evaluation
should look like is understudied. In this paper, we therefore propose four methodological
guidelines designed to evaluate co-produced climate services: (i) engaging in adaptive
learning by applying developmental evaluation practices, (i) building and refining a
theory of change, (i) involving stakeholders using participatory evaluation methods,
and (iv) combining different data collection methods that incorporate visual products.
These methodological guidelines offset previously identified evaluation challenges and
shortcomings, and can be used to help stakeholders rethink research impact evaluation
through their complementary properties to identify complex change pathways, external
factors, intangible effects, and unexpected outcomes.

Keywords: climate adaptation, climate services, decision support, knowledge co-production, transdisciplinary
research, participatory research, evaluation method, research impact

INTRODUCTION

As climate change unfolds across the globe, growing attention is paid toward producing climate
services that supports adaptation decision-making (Papathoma-Kohle et al., 2016; Adger et al,,
2018). Despite recent advancements in risk and vulnerability assessments, climate impact studies,
and adaptation research, the use of such knowledge remains limited in practice (Klein and Juhola,
2014; Bremer and Meisch, 2017; Palutikof et al., 2019). Academia, funding agencies, and decision-
makers are increasingly adopting knowledge co-production in order to transcend the divide
between academia and practice, and take advantage of potential intangible co-benefits, for example
mutual learning, social capital, and institutional capacity (Hansson and Polk, 2018; Bremer et al.,
2019; Cvitanovic et al.,, 2019). This indicates a shift in the role of science in society (Jasanoff,
2004) in which science is held accountable for providing applicable and useful research of societal
relevance (Barry et al., 2008; Wiek et al., 2014). The question, however, remains whether co-
produced climate services fulfill these accountabilities as evaluations remain rare (Vincent et al.,
2018; Daniels et al., 2020). It is still unclear how such co-produced climate services contribute
to societal change (Lourenco et al., 2016; Wall et al., 2017). Consequently, funding agencies and
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decision-makers lack information to make sound decisions
regarding where, or if, to spend their often limited resources
to improve co-produced climate services (Vaughan and Dessai,
2014; Lemos et al., 2018; Visman et al., 2022). Evaluation can
bridge this gap by contributing to a broader evidence base that
can inform future climate service practices to maximize their
impact. Hence, evaluations can support and improve climate
risk-informed decision support, in the long run increasing the
efficiency and effectiveness of climate risk management as a
whole (Vaughan and Dessai, 2014; Daniels et al., 2020; Salamanca
and Biskupska, 2021).

In this vein, scholars have recently started to outline
evaluation practices that are fit for appraising co-produced
climate services (see for example Vogel et al., 2017; Wall et al,,
2017; Tall et al., 2018; Bremer et al,, 2021; Salamanca and
Biskupska, 2021; Visman et al., 2022). Many, however, continue
to employ traditional evaluation procedures that solely focus on
assessing academic outputs, thus failing to capture the many co-
benefits that may emerge when co-producing climate services
(Sarkki et al., 2015; Schuck et al, 2017). Tracking pathways
to the impact of co-produced climate services remain equally
limited (Jones et al., 2018), and further research is required to
better design evaluation practices to capture long-term impacts
and intangible benefits (Daniels et al., 2020). Novel approaches
are, therefore, called for. Hence, this paper aims to address
this limitation in current research by identifying methodological
guidelines that outline approaches fit for evaluating co-produced
climate services. We investigate the following research question:
What methodological guidelines can be used to evaluate co-
produced climate services more effectively? To this end, we
review 25 scientific papers in-depth, followed by a survey study
targeting actors with experience in co-producing knowledge.

CONCEPTUAL LANDSCAPE

Climate services first emerged when the World Meteorological
Organization (WMO) in collaboration with various UN agencies
initiated the World Climate Conference-3 (WCC-3) in 2009
to improve information for decision-making (WMO, 2009).
Although still in its infancy, climate services, as a concept,
is gaining prominence in the adaptation discourse (Vaughan
and Dessai, 2014; Tall et al., 2018; Bremer et al., 2019; Hewitt
and Stone, 2021). Climate services are commonly understood
as efforts seeking to support climate risk-informed decision-
making by providing timely, tailored, and usable knowledge and
information (Vincent et al., 2018; Gerger Swartling et al., 2019;
Daniels et al., 2020). Although many international organizations
present definitions of climate services (see for example WMO,
2009; European Commision, 2015; IPCC, 2018), in practice,
climate services tend to be confused with weather forecasts and
climate research (Vaughan et al., 2018).

Other constraints further inhibit climate
fulfill their stated aims, including, for example, a disconnect
between stakeholders’ expectations, inadequate consideration
of stakeholders’ differing realities, and data issues (Porter
and Dessai, 2017; Ernst et al., 2019; Vogel et al, 2019).

services to

Many scholars attribute these shortcomings to the one-
directional delivery of climate services from providers to users,
which continue to dominate the field (McNie, 2007; Steynor
et al., 2016, 2020). Climate services are supply-driven as to
which decision-makers’ demand for specific knowledge and
information remains lacking (Lourenco et al., 2016), in the end
inhibiting decision-makers to take ownership over the climate
information and apply it in practice (Dilling and Lemos, 2011;
Vaughan and Dessai, 2014). In addition, climate services tend to
emphasize tailored products despite that other more intangible
outcomes and impacts can be far more important (Daniels et al.,
2020; Norstrom et al., 2020).

For this reason, knowledge co-production is considered a
promising approach for making climate services more accessible,
relevant, and actionable (Vincent et al., 2018; Bremer et al., 2019;
Carter et al., 2019). As a wicked problem, climate adaptation
cuts across sectors and disciplines, which calls for a collaborative
and interdisciplinary approach that fosters knowledge exchange
and action across different stakeholder groups (Cash et al., 2003;
Jones et al., 2018; Harvey et al., 2019). Accordingly, academia,
decision-makers, and funding agencies suggest that knowledge
co-production deserves a central role in the environmental
governance discourse (Vincent et al., 2018; Romina and Gerger
Swartling, 2019). In broad terms, co-production refers to the
process in which researchers and decision-makers collaborate
when producing knowledge (Blackstock et al., 2007; Heink et al.,
2015; Belcher et al., 2016). Norstrom et al. (2020) provides a more
encompassing definition, in which knowledge co-production
implies a collaborative research process involving diverse types
of expertise and actors, to solve real-world problems and
produce situation-relevant knowledge. In the literature, many
benefits are associated with knowledge co-production such as
better adaptation decision support, strengthened cross-sectorial
networks, improved trust and confidence, increased institutional
capacity, and better scientific quality (Bremer et al, 2019;
Cvitanovic et al., 2019; Daniels et al., 2020).

There is, however, little existing evidence showing if co-
produced climate services deliver on these potential benefits,
and whether they are utilized in practice (Swart et al., 2017;
VanderMolen et al., 2019). Research impact evaluation can bridge
this gap. Numerous definitions of research impact evaluation
exist (see Alla et al., 2017 for a review of definitions). For the
purpose of this paper, we apply the definition suggested by Reed
et al. (2021, p. 3): “the process of assessing the significance and
reach of both positive and negative effects of research.” Looking
at the evaluation literature at large, three main typologies emerge,
namely: summative evaluation that takes place at the end of
an intervention to assess its overall merit; formative evaluation
that is embedded into the project life cycle to enhance learning
with intent to improve project performance; and developmental
evaluation that offers an ongoing process supporting adaptive
management in complex social interventions (Patton, 2006,
2010; Dozois et al., 2010; Mitchell and Lemon, 2020). Research
impact evaluation may handle one or more of the following
effects: outputs, which are the tangible products of the process;
outcomes, as the less tangible effects and results of the co-
production process; and impacts, as the long-term effects of
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the co-production process (Hassenforder et al., 2015; Wall
et al, 2017). In the context of co-produced climate services,
scientists and users may have contrasting views on measures of
achievement, hence what outcomes and impacts to evaluate. It is,
therefore, imperative to consider this multitude of perspectives
when evaluating co-produced climate services (Roux et al., 2010;
Fazey et al., 2014).

MATERIALS AND METHODS

To identify methodological guidelines for evaluating co-
produced climate services, we first carried out a literature review
exploring previous attempts to evaluate co-production processes.
We paid special attention to challenges and good practices. We
extracted lessons identified, that later were transformed into
methodological guidelines. Lastly, through an online survey,
we shared among actors with previous experience in co-
producing knowledge our proposed methodological guidelines
and validated them.

Literature Review
We first performed a literature review. To do so, we
drew inspiration from the systematic snowballing approach
outlined by Wohlin (2014) with methodological additions from
Haddaway et al. (2015) and Dawkins et al. (2019). Previous
research shows that snowballing is equally reliable as the
traditional systematic review methods that rely on database
searches (Badampudi et al., 2015). Snowballing, however, tends to
have higher precision and therefore retrieve much fewer studies
to be analyzed, which, therefore, arguably mitigates the risk
of human error in comparison to database searches (Felizardo
et al., 2016). This adapted approach consisted of five steps,
as illustrated in Figure 1: (i) determine eligibility criteria, (ii)
identify a start set, (iii) literature search applying backward and
forward snowballing, (iv) coding and analysis, and (v) synthesis.
As an initial step, we developed a set of eligibility criteria
that determined the basic conditions that a document must
fulfill for inclusion in the final sample. This represented our
attempt to ensure repeatability and reliability (Haddaway et al.,
2015; Dawkins et al., 2019). We identified five criteria. First,
documents were included if the studies suggested an evaluation
framework, approach, or method. Second, documents were
included if the studies concerned evaluating knowledge co-
production or adjacent research practices like transdisciplinary
research, participatory methods, and science-policy interface.
Third, documents were included if the studies were related to
sustainability science. The sole focus on climate services proved
insufficient due to the lack of previous academic literature.
Although considered as separate disciplines, climate services and
sustainability science share many characteristics due to the many
challenges invoked by complexity, uncertainty, and long time
horizons. Fourth, documents were included if the studies were
conceptual. Case studies were at first included, but it turned
out that most focused on the co-production initiative itself
rather than the evaluation approach. Case studies were, therefore,
excluded. Some papers were both conceptual and empirical,
as they developed and tested a novel evaluation approach.

Eligibility criteria

(1) Intervention: Studies must discuss
evaluation approaches

(2) Topic: Evaluation must focus on co-
production processes and their effects.
(3) Discipline: Studies must take place]
in the realm of sustainability science.

(4) Format: Studies must be conceptual.
(5) Setting: Studies must be a published
peer-reviewed article written in English

v

Start set

Lang et | Fazey et| Wiek et |Wall et al.
al. (2012)}al. (2012)}al. (2014)] (2017)

Y

Literature search

Forward
snowballing

Backward
snowballing

Y

Total number of documents: 2384
Included documents: 25

v

Full-text analysis based on coding
framework

v

Synthesis

FIGURE 1 | Literature review process.

These papers were included to gain a better understanding of
potential practical challenges and good practices that may arise
when evaluating co-production initiatives. Fifth, documents were
included if they were published in peer-reviewed journals written
in English.

Next, we selected a start set compliant with the eligibility
criteria. We first performed a preliminary literature search to
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gain a quick overview of available research. We used a simple
search string that reflected the key concepts of interest: TITLE-
ABS-KEY (evaluating AND knowledge AND co-production).
The preliminary literature search yielded 32 documents, of
which four documents were tentatively included. Thereafter we
added six documents that were known among the authors but
missing from the preliminary literature search. The start set
was then reduced in size. Documents with the most citations
were selected, in order to provide a larger input for the
snowballing. A broad representation of academic journals was
also considered. In total, four documents were included. The
documents that were initially excluded were later included as they
were identified in the literature search. For more details, see the
Supplementary Material.

We thereafter began the literature search, applying backward
and forward snowballing in iterations. Backward snowballing
reviewed the reference list of the documents in the start
set, whereas citations were considered during the forward
snowballing (Wohlin, 2014). Only one author was involved in
the screening process. Meetings were held with the remaining co-
authors on multiple occasions to ensure consistency. Citations
and references lists were identified using the well-regarded
database Scopus in October 2020. Documents were included if
titles and abstracts met the eligibility criteria. Documents found
during the initial iteration were added to the start set, and subject
to snowballing during the next iteration. The process continued
until no additional documents were found. In total, the literature
search generated 2384 documents, of which 70 were screened a
second time. In the end, 25 documents were included for full-text
analysis (see Supplementary Material for more information).

Once selected, documents were coded. A deductive approach
was employed, using a pre-defined coding form to ensure
consistency and replicability (Haddaway et al., 2015). Three
types of codes were considered. First, basic citation information
was noted. Second, conceptualizations and approaches to
knowledge co-production were registered to avoid any
terminological ambiguity. Third, the proposed evaluation
design was considered, paying special attention to challenges and
good practices. An overview is provided in Table 1.

Findings were then synthesized narratively, by taking a
textual approach to summarize the findings (Popay et al., 2006).
Information was synthesized for each code. Data was clustered
into classes of similar objects, which revealed key themes and
patterns. We performed some simple statistical analysis for those
codes to be easily quantifiable.

Next, we identified methodological guidelines for evaluating
co-produced climate services based on the findings from
the literature review. We paired all identified challenges
with potential solutions outlined in the reviewed literature.
Solutions were clustered into groups based on what methods
they suggested. Four themes emerged, which were labeled
and translated into methodological guidelines. Some
additional literature was added at this stage to collect more
information about the methods and approaches outlined in the
methodological guidelines. Here it is worth noting, in line with
Hassel (2010), that there are an infinite number of solutions to a
single problem. We, therefore, refrained from making any claims

TABLE 1 | Coding form.

Code Type of code

Author(s) Descriptive text
Title Descriptive text
Year Descriptive text
Abstract Descriptive text

Research design

Discipline

Country/Region/Sub-national
Empirically tested
Term used

Definition

Theoretical approach
Effects

Typology

Timing

Design

Descriptive text (case study, literature review,
etc.)

Descriptive text (sustainable development,
natural resource management, climate
change adaptation, etc.)

Country/Region/Sub-national area
Yes, no

Descriptive text (transdisciplinary,
participatory, co-producing, etc.).

Descriptive text

Descriptive text

Output, outcome, impact

Summative, formative, developmental
Pre-assessment, monitoring, retrospective, all
Descriptive text (e.g. qualitative, quantitative,

mix-method, participatory, etc.)

Data collection Descriptive text (workshops, surveys,

interviews, knowledge tests, etc.)

Evaluation framework Descriptive text explaining how the evaluation

is approached
Evaluation criteria Descriptive text presenting and explaining
evaluation criteria
Success factors for evaluation Descriptive text
Challenges for evaluation Descriptive text

Other useful information Descriptive text

on presenting an optimal solution. Instead, we aimed to find one
possible solution that addresses the methodological challenges
that arise when evaluating co-produced knowledge.

Survey

To increase the reliability of our findings and validate
the emerging methodological guidelines, we distributed an
online survey to actors with previous experience in co-
producing knowledge. Survey responses also provided an in-
depth understanding of practical barriers. Before its launch, the
survey was tested to identify potential ambiguities. The survey
was thereafter launched in February 2021, and remained open for
a month. The survey included both qualitative and quantitative
questions. Respondents were given the option to answer the
questionnaire in Swedish or English, depending on what they felt
the most comfortable with.

Respondents were identified through existing networks at
the Stockholm Environment Institute (SEI) as well as personal
networks through LinkedIn. Three groups were targeted:
(1) previous project participants, (2) staff at SEI, and (3)
personal networks. Respondents were also asked if they could
recommend any other people to respond to the survey. In total,
61 complete responses were collected. 91% of the respondents
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self-identified as fulfilling multiple roles when co-producing
knowledge - including users, providers, intermediaries,
financiers, and evaluators. Respondents represented research
institutes or universities (64%), non-governmental organizations
(20%), governmental agencies (10%), municipalities (2%), and
private consultancies (2%). Among the respondents, different
geographical regions were represented - including Europe,
Africa, Asia, Latin America, and North America.

We first asked some introductory questions to better
understand the respondent’s background, role, and experience
in co-producing climate services. Subsequently, the survey asked
questions that reflected the emerging methodological guidelines,
with a focus on understanding potential benefits and barriers in
applying the methodological guidelines in practice. For a detailed
description, see the Supplementary Material.

Once collected, the data was analyzed using Excel.
Quantitative data was summarized and visualized in different
types of graphs. All numbers were rounded to the nearest integer.
Statistical analysis was avoided, as most of the data was structured
on an ordinal scale which eliminated most statistical methods
(Bryman, 2012). The qualitative data was treated as one cohesive
dataset, meaning that significant patterns were identified across
the entire dataset rather than for the single questions alone
(Braun and Clarke, 2019). We applied an inductive approach
in line with Thomas (2006), in which we reduced the data by
developing themes based on our interpretations and previous
research. We noted the following for each theme: category label,
short description, direct quotes, and potential links.

RESULTS

Results are presented in three parts. First, we present findings
from the literature review focusing on current evaluation
practices, challenges, and good practices. Based on these findings,
we identify four methodological guidelines for evaluating
co-produced climate services. Lastly, we present the survey
responses to validate the methodological guidelines.

Literature Review

The 25 studies reviewed in our full-text analysis represent a
wide variety of disciplinary fields: sustainability research (24%),
natural resource management (20%), environmental science
(20%), climate adaptation (4%), socio-ecological research (4%),
and climate science (4%). The remaining studies (24%) take
an interdisciplinary approach focusing on complex societal
and environmental problems in general. None of the reviewed
literature focus on climate services.

Following the eligibility criteria, all studies relate to knowledge
co-production processes, although the conceptualization of
knowledge co-production diverges. The reviewed studies refer
to knowledge co-production as transdisciplinary, participatory
research, communities of practice, knowledge exchange,
joint knowledge production, science-policy interfaces, and
knowledge integration.

Evaluating Co-produced Knowledge
Traditionally, research evaluations employ reductionist
procedures solely focusing on assessing academic outputs,

thus inadequately capturing the broad range of effects that
can emerge when co-producing knowledge (Sarkki et al.,
2015; Zscheischler et al., 2018). The reviewed literature seems
to acknowledge this shortcoming, and suggests evaluation
approaches that appraise all or a combination of outputs,
outcomes, and impacts. None proposes a sole focus on outputs.

Most scholars suggest a formative approach when evaluating
co-production endeavors (Jones et al., 2009; Lang et al., 2012;
Sarkki et al, 2015), which in turn affects the timing of
the evaluation. Integrating evaluation practices into the co-
production process allows for reflection and learning, thus
providing an opportunity for influencing the direction in which
the co-production processes are heading (Roux et al., 2010). It
also allows for trust to emerge among the involved actors (Wall
et al., 2017). However, ex-post evaluations may be necessary to
capture those outcomes and impacts that emerge after the end of
a co-production process (Walter et al., 2007).

A systematic review performed by Ernst (2019) shows the
many methods used in evaluating co-production initiatives,
such as questionnaires, interviews, document analysis, and
observation. Looking at the literature, most suggest using a
Likert scale questionnaire. These studies tend to also employ
evaluation criteria (Walter et al., 2007; van der Wal et al., 2014;
Zscheischler et al.,, 2018; Hitziger et al.,, 2019; Fulgenzi et al.,
2020). Others propose a mixed-method approach sequencing
data collection methods to serve a specific purpose at different
points of time, arguing that the strengths of one method can
offset the weaknesses of another (Jones et al., 2009; Wiek et al.,
2014; Holzer et al., 2018). Moreover, some studies advocate for
participatory evaluation methods, in order to use the evaluation
as an opportunity to further strengthening knowledge exchange
(Fazey et al., 2014; Norstrom et al., 2020).

Evaluation criteria are contested subject, as explained by
O’Connor et al. (2019, p.2): “developing evaluation criteria
for knowledge co-production remains a challenge because of
its variety of forms, contexts, and participants who may have
differing views of what is valuable”. Moreover, evaluation criteria
are inappropriate when appraising complex systems, as it
attempts to fit complexity into a few variables and consequently
tends to fall into narrow ranges (Jones et al., 2009; Hassenforder
et al., 2015). However, 12 studies present evaluation criteria as
they can indicate signs of change and allows for comparison
across contexts. Looking at the literature, some studies propose
evaluation criteria that assess research quality in terms of
relevance, credibility, legitimacy, and effectiveness (Sarkki et al.,
2015; Belcher et al., 2016; Knickel et al., 2019). Others suggest
evaluation criteria representing the co-production process, its
effects, and the context in which it operates (Blackstock et al.,
2007; Hassenforder et al.,, 2015; Jahn and Keil, 2015; Wall
et al, 2017; Hitziger et al, 2019). Fulgenzi et al. (2020)
identify good practices in knowledge co-production and outline
evaluation criteria accordingly, whereas Lang et al. (2012) outline
evaluation criteria for assessing the co-production process itself.
Lastly, Roux et al. (2010) outline evaluation criteria assessing
to what extent funders, researchers, and end-users fulfill their
accountabilities when co-producing knowledge.

An overview of the evaluation criteria mentioned in the
reviewed literature are presented in Tables 2-4 and organized
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TABLE 2 | Criteria for evaluating co-produced knowledge — the enabling environment.

Citeria Description

References

Access to resources

Drivers Incentives - demand-driven or supply-driven

External context

catalyzing events
Expectations

positive effects
Institutional memory

knowledge
Preexisting
relationships

Willingness to learn
co-production process

The support to participants for them to meet their responsibilities
(competence, time, scientific disciplines in research team, budget,
adequate infrastructure, practical information, staffing)

Characteristics of the system in which the co-production process

operates, with a focus on complexity, boundaries, synergies, and

Whether participants are confident that the process will yield

Safeguarding mechanisms to protect the acquired collective

Preexisting professional relationships between involved actors

The capacity and personal motivation to participate in the

Blackstock et al. (2007), Roux et al. (2010), Lang et al. (2012),
Sarkki et al. (2015), Belcher et al. (2016), Wall et al. (2017), Hitziger
et al. (2019), Knickel et al. (2019), Fulgenzi et al. (2020)
Blackstock et al. (2007), Hassenforder et al. (2015), Sarkki et al.
(2015), Knickel et al. (2019)

Blackstock et al. (2007), Roux et al. (2010), Hassenforder et al.
(2015), Jahn and Keil (2015), Belcher et al. (2016), Wall et al.
(2017), Hitziger et al. (2019)

Hassenforder et al. (2015)

Jahn and Keil (2015), Hitziger et al. (2019), Knickel et al. (2019)

Wall et al. (2017)

Blackstock et al. (2007), Walter et al. (2007), Roux et al. (2010),
Lang et al. (2012), Jahn and Keil (2015), Sarkki et al. (2015), Wall
et al. (2017), Hitziger et al. (2019), Knickel et al. (2019)

into the following: (i) criteria assessing the enabling environment,
(ii) criteria assessing the process, and (iii) criteria assessing
the effects.

Challenges

A major challenge in evaluating knowledge co-production is
the complexity of the process itself and of the system in
which it operates (Roux et al.,, 2010; Lang et al., 2012; Fazey
et al, 2014). Complex systems are characterized by non-
linearity, multi-pathways, emergent properties, dynamic change,
and interdependencies (Zscheischler et al., 2018), which in
combination with the long timeframes in adaptation decision-
making makes it difficult to establish causality (Jahn and Keil,
2015; Hitziger et al., 2019; Norstrom et al., 2020). Making mono-
causal connections are further inhibited by the ongoing influence
of unforeseeable external factors (Zscheischler et al., 2018). Trying
to fit complexity into a few variables can cause distortion as
complex problems are greater than the sum of their parts (Jones
etal,, 2009; Hassenforder et al., 2015). Tensions arise when trying
to apply linear frameworks to capture change that occurs in a
messy and complex reality (Walter et al., 2007).

Co-production is subject to uncertainty as objectives and
practices tend to adapt as the process evolves (Laycock et al.,
2019). In addition, uncertainty is inherent to the problem, namely
climate change, which is being addressed (Hegger et al., 2012).
This poses significant challenges for research impact evaluation,
as success is defined in relation to formulated objectives.

In addition, the intangible nature of many key elements in
knowledge co-production, such as learning, empowerment and
trust, further complicates evaluation efforts. These intangible
effects are difficult to objectively judge, and therefore tend to rely
on subjective estimations (Blackstock et al., 2007; Hassenforder
et al., 2016).

Moreover, evaluations are expected to yield different results
depending on their timing (Wall et al, 2017; Fulgenzi et al,
2020). Outcomes and impacts emerge at different points in time

(Roux et al.,, 2010; Ernst, 2019). There are significant time-lags
between causes and effects as societal impacts evolve over a long
period of time (Blackstock et al., 2007; Jahn and Keil, 2015;
Wall et al,, 2017), making them difficult to capture within the
timeframe provided in an externally funded project (Norstrom
et al., 2020).

Furthermore, co-production initiatives involve stakeholders
with different backgrounds (Jones et al., 2009; Roux et al., 2010;
Hitziger et al., 2019), which may complicate evaluation practices
due to at times contrasting values, epistemological beliefs,
educational background, professional jargons, and objectives.
Motivation can also vary among involved stakeholders. Some
might consider evaluations as a burden that distracts from the
main co-production activities, especially if they are struggling
with limited financial resources (Knickel et al., 2019).

Good Practices

Flexible practices are considered key when evaluating co-
production processes (Lang et al., 2012; van der Wal et al., 2014;
Knickel et al., 2019). Evaluation frameworks must be adapted
to the needs of the intended users, considering timing, purpose,
scale, and context (Belcher et al., 2016; Knickel et al., 2019).
Furthermore, evaluation strategies should adapt and adjust as
new insights arise (Blackstock et al., 2007; Carew and Wickson,
2010; Belcher et al., 2016). Evaluation objectives should be
revisited and adapted as new information emerges (Norstrom
et al.,, 2020).

Walter et al. (2007) call for novel evaluation approaches, of
which participatory evaluation is a promising alternative (Fazey
et al., 2014; Norstrom et al,, 2020). Participatory evaluation
encourages learning, ultimately transforming the evaluation into
a learning activity in itself (Lang et al., 2012). In relation to this,
stakeholder engagement is especially important when deciding
on evaluation objectives to encourage ownership and buy-in from
the involved stakeholders while ensuring contextual relevance
(Wiek et al., 2014). It is also suggested to involve stakeholders
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TABLE 3 | Criteria for evaluating co-produced knowledge — the process.

Citeria

Description

References

Awareness

Capacity development

Co-location
Conflict resolution

Continuity
Cost effectiveness
Effective collaboration

Effective
communication

Ethical aspects
Inclusion of all relevant
perspectives
Involvement
Leadership

Methods

Objectives

Practicalities

Reflection

Relationships

Representation

Theory of change

Transparency

The extent to which participants can identify available resources
and possible gaps
The process of developing skills, knowledge, and awareness

Whether involved actors are willing to host junior researchers

The degree of conflicts between participants, and the ability to
manage such conflicts

The consistency in participation, in terms of recurring participants
Cost of achieving identified objectives

Mechanisms promoting collaboration (research plan,
documentation, agenda, roles and responsibilities)

Appropriateness, relevance, clarity, and accessibility of
communication efforts

Whether research adheres to ethical standards

The creation of a safe space for participants to voice their opinions
and influence the decision-making process

At what stage of the process different participants are engaged
A leadership figure facilitating the process

Appropriateness of the selected disciplines, epistemology,
methods, approaches, and theories

Whether goals are established for the co-production process

Frequency of events, number of participants, and setting of
exchange

Opportunities to reflect upon the collective experience and adjust
the plan accordingly

The improvements in social capital, and the development of new
social networks

The genuine inclusion of a diverse set of actors

The development of a theory of change that matches the
objectives and clarifies any underlying assumptions

The extent to which participants and observers can understand
the process

Fulgenzi et al. (2020)

Blackstock et al. (2007), Roux et al. (2010), Sarkki et al. (2015),
Wall et al. (2017), Fulgenzi et al. (2020)

Roux et al. (2010)

Blackstock et al. (2007), Roux et al. (2010), Lang et al. (2012), Wall
et al. (2017), Hitziger et al. (2019), Knickel et al. (2019)

Wall et al. (2017)

Blackstock et al. (2007), Jahn and Keil (2015)

Belcher et al. (2016), Wall et al. (2017), Knickel et al. (2019),
Fulgenzi et al. (2020)

Walter et al. (2007), Roux et al. (2010), Jahn and Keil (2015),
Sarkki et al. (2015), Belcher et al. (2016), Wall et al. (2017), Hitziger
et al. (2019), Knickel et al. (2019)

Belcher et al. (2016)

Blackstock et al. (2007), Walter et al. (2007), Hassenforder et al.
(2015), Hitziger et al. (2019), Knickel et al. (2019), Fulgenzi et al.
(2020)

Knickel et al. (2019)

Blackstock et al. (2007), Walter et al. (2007), Roux et al. (2010),
Lang et al. (2012), Jahn and Keil (2015), Sarkki et al. (2015), Wall
et al. (2017), Hitziger et al. (2019), Knickel et al. (2019)
Blackstock et al. (2007), Lang et al. (2012), Hassenforder et al.
(2015), Jahn and Keil (2015), Belcher et al. (2016), Wall et al.
(2017), Hitziger et al. (2019), Knickel et al. (2019)

Blackstock et al. (2007), Walter et al. (2007), Lang et al. (2012),
Hassenforder et al. (2015), Jahn and Keil (2015), Sarkki et al.
(2015), Belcher et al. (2016), Wall et al. (2017), Hitziger et al.
(2019), Knickel et al. (2019)

Hassenforder et al. (2015), Hitziger et al. (2019)

Lang et al. (2012), Jahn and Keil (2015), Sarkki et al. (2015),
Belcher et al. (2016), Wall et al. (2017), Hitziger et al. (2019),
Knickel et al. (2019), Fulgenzi et al. (2020)

Blackstock et al. (2007), Walter et al. (2007), Lang et al. (2012),
Sarkki et al. (2015), Knickel et al. (2019), Fulgenzi et al. (2020)
Blackstock et al. (2007), Lang et al. (2012), Hassenforder et al.
(2015), Jahn and Keil (2015), Sarkki et al. (2015), Belcher et al.
(2016), Wall et al. (2017), Hitziger et al. (2019), Knickel et al.
(2019), Fulgenzi et al. (2020)

Jahn and Keil (2015), Belcher et al. (2016), Hitziger et al. (2019)

Blackstock et al. (2007), Knickel et al. (2019)

when developing evaluation criteria to ensure that effects
perceived as important are being considered (Fazey et al., 2014).

Additionally, scholars suggest considering the evaluation as
a process. It is proposed to integrate the evaluation from the
start to allow for social learning and trust to emerge (Roux
et al., 2010; Wall et al., 2017). The evaluation should aim to
be comprehensive to capture both the co-production process
itself, and its expected and unexpected outputs, outcomes, and
impact (Fazey et al., 2014; Belcher et al., 2016; Wall et al., 2017).
Intangible aspects should also be assessed, despite being difficult
to measure (Norstrom et al., 2020).

It is recommended to develop a theory of change, which
is a logic model supporting project management, stakeholder
engagement, and evaluation practices which seeks to describe
how change is expected to occur. Theory of change offers
greater flexibility in comparison to other logic models and
can capture complexity, clarify causal linkages, and bridge
conflicting interests (Fazey et al., 2014; Wall et al., 2017; Knickel
et al, 2019; Norstrom et al, 2020). Others suggest using
visual products to encourage meaningful discussions among
involved stakeholders, as it can help to overcome barriers like
differences in educational backgrounds and language preferences
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TABLE 4 | Criteria for evaluating co-produced knowledge — the effects.

Citeria

Description

References

Accountability

Inspiration
Outcomes
Outputs

Quality of
decision-making
Quiality of research
product

Recognized
impacts

Relevance to

The extent to which participants have satisfied their personal core
responsibilities

The motivation to pursue follow-up projects

Whether desired change is achieved

The timely delivery of the tangible products (peer-reviewed articles,
workshops, meetings, reports)

The implementation, integration, and maintenance of findings

Validity of the final research product, considering its legitimacy,
transferability, credibility, comprehensiveness, and robustness
Perceived changes associated with the co-production process
(unintended effects, changes in perspectives, and improved
organizational performance)

Whether research findings are used in practice to solve the

Blackstock et al. (2007),

Wall et al. (2017), Fulgenzi et al. (2020)
Lang et al. (2012), Wall et al. (2017)

Roux et al. (2010), Hassenforder et al. (2015), Wall et al. (2017),
Knickel et al. (2019)

Blackstock et al. (2007), Roux et al. (2010), Jahn and Keil (2015),
Knickel et al. (2019)

Blackstock et al. (2007), Sarkki et al. (2015), Wall et al. (2017)

Blackstock et al. (2007), Hassenforder et al. (2015), Jahn and Keil
(2015), Fulgenzi et al. (2020)

Roux et al. (2010), Lang et al. (2012), Jahn and Keil (2015), Sarkki

society targeted problem

Social learning Changes collective culture and values

et al. (2015), Belcher et al. (2016), Wall et al. (2017), Knickel et al.
(2019)

Blackstock et al. (2007), Jahn and Keil (2015), Wall et al. (2017),
Hitziger et al. (2019), Knickel et al. (2019)

(Lang et al, 2012). Evaluation practices should also allow
for maximum participation, and adjust for potential memory
distortion (Wiek et al., 2014).

Methodological Guidelines

Reviewing the literature, many insights strike as relevant
although none addresses climate services. Challenges associated
with complexity, long time horizons, uncertainty, and
stakeholder diversity are inherent to many co-production
processes, and thus cut across disciplinary boundaries. Drawing
from the literature review, we identify four methodological
guidelines fit for evaluating co-produced climate services. An
overview is provided in Table 5.

Engaging in Adaptive Learning by Applying
Developmental Evaluation Practices
As its name suggests, developmental evaluation puts emphasis
on development rather than accountability or improvement
(Mitchell and Lemon, 2020). Developmental evaluation seeks
to support adaptive management, allowing practices to adapt as
new insights emerge or circumstances change (Patton, 2010).
Developmental evaluation rests on the same assumptions that
underpin knowledge co-production initiatives. Co-production
builds on the assumption that change is complex, non-linear, and
emergent (Norstrom et al., 2020), and developmental evaluation
is designed to understand such complexity. Drawing inspiration
from complexity theory, developmental evaluation sets to
support adaptive management in social innovation initiatives,
like when co-producing climate services, characterized by
complexity, emergence, stakeholder diversity, long time
horizons, and uncertainty (Dozois et al., 2010; van Tulder and
Keen, 2018).

Developmental evaluation is per design flexible, thus
offsetting challenges encountered when applying summative
and formative assessment approaches. Summative evaluations

TABLE 5 | Overview of the methodological guidelines.

Methodological guidelines Justification

Engaging in adaptive learning by e To handle complexity and uncertainty
applying developmental evaluation by engaging stakeholders in adaptive
practices management.
e Continuous evaluation process to
capture change as it emerges.
Building and refining a theory of * To capture complexity.
change e Easy to update as outcomes unfold over
time.
* To take a system perspective to capture
external factors.
* To allow stakeholders to reflect upon
causal linkages.
Involving stakeholders using e To develop a shared problem

participatory evaluation methods understanding.

To ensure that all perspectives are
equally considered and represented.

To allow stakeholders to draw attention
to unexpected outcomes.

To develop a shared vocabulary to

overcome any professional jargon.

Combining different data collection ® To create a robust data set for analysis.
methods that incorporate visual e To provide a more comprehensive
products understanding of the problem at hand.
To capture both tangible and intangible
effects.

To make it easier to grasp complexity.

aim for predictability by using a linear cause-effect model and
rigid methods (Fazey et al., 2014), which is considered unfit
for evaluating co-produced climate services as they require
flexible practices that can adapt as uncertainties and complexity
unfold (Salamanca and Biskupska, 2021). Similarly, formative
evaluations also prove inadequate in terms of flexibility, as they
seek to support improvements toward a pre-defined objective
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(Patton, 2010). Co-production initiatives tend to change their
objectives and practices as the process evolves (Blackstock et al.,
2007), thus making it unfeasible to try to measure success against
a set of pre-defined objectives. Instead, developmental evaluation
promotes adaptive management in order for evaluation practices
to adapt to changes in objectives, research design, or stakeholder
constellation. In practice, developmental evaluation support
adaptive management by engaging stakeholders in an ongoing
evaluation process in which an embedded evaluator provides
actionable feedback to facilitate continuous learning (Patton,
2006, 2010).

Adaptive management can serve as a vehicle for joint
action, in which stakeholders can bring their experience
and feedback into action and adjust evaluation practices
accordingly (Reynolds, 2014; Gerlak et al., 2018). Developmental
evaluation supports a shift from linear single-loop thinking
toward transformative double-loop learning in which adaptive
management allows evaluation practices, objectives, or metrics
of success to change in response to experience. Double-loop
learning is fit if adapting to uncertainty or complexity, as
it supports transformation rather than retainment (Shea and
Taylor, 2017). Arguably, climate services can benefit from
adaptive management and double-loop learning by helping
the involved stakeholders to navigate the inherent uncertainty,
complexity, and long time horizons associated with adaptation
decision-making, as it allows stakeholders to adjust their
evaluation practices to emerging and changing contexts.

Building and Refining a Theory of Change

Theory of change is increasingly used to inform baseline studies,
organizational design in complex and multi-stakeholder settings,
and to facilitate adaptive learning from a systems perspective
throughout a project life cycle (van Es et al., 2015). Theory of
change is designed to support interventions subject to complexity
and uncertainty, which makes it fit for co-production processes
that address climate risks. Furthermore, climate services cannot
be considered in isolation from the context they operate in as
decision-makers combine different sources of information when
planning for adaptation (Zscheischler et al., 2018; André et al.,
2021). Theory of change acknowledges these external influences
by identifying and monitoring them, ultimately strengthening
any causal claims (van Es et al., 2015).

Climate risks operate on long timescales and so is adaptation
decision-making, meaning that benefits emerging from climate
services might appear far in the future. We, therefore, argue
for considering the theory of change as a living entity that can
track progress at different temporal scales. It is iterative, thus
expected to be revisited and refined on a regular basis as new
information emerges. In this way, the theory of change become
more informed over time, as it enjoys continuous refinement
(van Tulder and Keen, 2018). When employed or applied
iteratively, the theory of change can capture development that
occurs over long periods of time and help involved stakeholders,
if resources allow, to continue their evaluation efforts after the
end of the co-production process. The theory of change is widely,
although not exclusively, used to support ex-post evaluations in
explaining how change has happened, as it puts a structure in

place for stakeholders to continue evaluating impacts as they
unfold (Vogel, 2012; van Es et al., 2015; Mayne, 2017).

Involving Stakeholders Using Participatory
Evaluation Methods

In short, participatory evaluation is an approach for involving
stakeholders in the evaluation process (Trimble and Plummer,
2019). Stakeholders can be involved at any stage of the evaluation
(Guijt, 2014; Reed et al., 2021). Participatory evaluation
and knowledge co-production have the same theoretical and
epistemological underpinnings. Our study reveals many overlaps,
where participatory evaluation can reinforce many of the
positive outcomes and impacts that emerge when co-producing
knowledge. Benefits include helping diverse stakeholder groups
to form a shared vision and vocabulary (Plottu and Plottu,
2011; Fazey et al, 2014); enhancing motivation and buy-in
among involved stakeholders (Fazey et al, 2014); drawing
attention to unexpected outcomes and impacts (Norstrom
et al., 2020); and validating evaluation findings among involved
stakeholders (Guijt, 2014). In addition, stakeholder participation
can improve overall robustness by incorporating multiple sources
of knowledge and realities (van Es et al., 2015).

Evaluation findings can have a transformational capacity if
being integrated in iteration. Participatory evaluation methods
can be instrumental in strengthening the evaluation’s utilization.
Participatory methods encourages ownership by stakeholders
involved in the generation and use of climate services. This
ownership contributes to sustainability beyond the limited time
span of climate service projects (Patton and Horton, 2009; Fazey
et al., 2014; van Es et al., 2015).

Combining Different Data Collection Methods That
Incorporate Visual Products

Mixed-method approaches combine qualitative and quantitative
methods, in order to take advantage of their respective strengths
while counterbalancing any potential weaknesses (Ernst, 2019).
Methods can be sequenced to serve a specific purpose at
different points in time (Jones et al., 2009; Holzer et al., 2018),
thus forming a comprehensive understanding of the process
itself and its outputs, outcomes, and impact. On the one
hand, qualitative methods are well suited to explore the many
intangible effects that emerge when co-producing knowledge,
such as social learning, empowerment, and trust (Fazey et al.,
2014). Qualitative methods expect the unexpected, and allow
the involved stakeholders to draw attention to any unexpected
positive or negative effects (Bryman, 2012). On the other hand,
quantitative methods can assess how change unfolds over time
by employing longitudinal data (Fazey et al., 2014), which is
especially appropriate considering the long time horizon that
characterizes adaptation decision-making. Quantitative methods
can also improve the generalizability of the evaluation findings,
and thus identify transferable lessons. Additional benefits of
using mix-methods include allowing for triangulation; increasing
robustness; enhancing comprehensiveness; improving credibility
and validity of findings; and generating unexpected insights
(Reed et al., 2021).
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In addition, art-based methods generate tangible products
for expression and analysis, which can enhance mutual
learning among the involved stakeholders (Chambers, 2008).
Visualization complements text and dialogue (van Es et al., 2015).
Art-based methods can generate products that act as boundary
objects, thus helping to bridge diverging stakeholders’ interests,
goals, epistemologies, expertise, and languages (Wyborn, 2015).
Boundary objects, such as visual products, can enhance
meaningful participation (Nel et al.,, 2016; Reed et al., 2021).
Discussing while drawing can create an informal and inclusive
setting for knowledge exchange (van Es et al., 2015). As phrased
by Chambers (2008, p. 100), “Hands are freer to move tangibles
than mouths are to speak words.” Visual products can stimulate
discussions on the topic of interest, ultimately improving both
the quantity and quality of the collected data (Petheram et al.,
2012). In addition, visual products can disentangle and represent
the complexity present when co-producing climate services, and
thus provide a better understanding of causal linkages and change
pathways (Chambers, 2008; van Es et al., 2015; Reed et al,
2021). Lastly, visual products can help communicating evaluation
findings to a broader audience including new project members
(Petheram et al., 2012).

Validation — Survey Results
To a great extent, the survey responses confirmed the
methodological guidelines. However, the survey study revealed
a number of benefits and challenges if the respondents were to
apply the methodological guidelines. An overview is provided in
Table 6.

In the open-ended questions, respondents refer to good
practices in line with developmental evaluation. Frequently
mentioned examples include:

e Utilization-focused approaches to ensure usefulness for
intended users;

Adaptive management to support continuous improvement
and social learning; and,

e Importance of reflexive practices.

As such, developmental evaluation presents many benefits when
evaluating co-produced knowledge. Barriers related to time
allocation and funding are, however, noted.

Overall, 66% are familiar with building a theory of change of
which around half recommend it in the case of co-production
endeavors. Many benefits are identified, including clarifying
underlying assumptions, mapping cause and effect pathways,
disentangling complexity and context, and defining objectives.
Challenges do, however, exist. Many respondents are unfamiliar
with the concept. Others argue that the theory of change is
“too abstract,” “too academic,” “bulky,” and even “pointless.”
Others compare the theory of change with the logical framework
approach, criticizing it for being donor-driven and reductionist.

In total, 97% of the respondents recommend using
participatory evaluation methods. Participatory evaluation can
yield many benefits, including forming a common understanding
and vision, building trust, validating evaluation findings, and
increasing buy-in and ownership among involved stakeholders.
Survey responses indicate that stakeholder engagement is

TABLE 6 | Overview of survey responses.

Methodological guidelines Main points from survey responses

Engaging in adaptive learning by Benefits
applying developmental e Utilization-focused approach can increase
evaluation practices usefulness

¢ Adaptive management can promote learning
* Reflexive practices are important
Challenges

¢ Time allocation and funding

Benefits

o Clarify assumptions

e Understand causal linkages
¢ Disentangle complexity

e Define objectives
Challenges

o Difficult to use

e Donor-driven

® Reductionist

Building a theory of change

Involving stakeholders using Benefits
participatory evaluation methods e Forming a shared understanding and vision
e Build trust

¢ Validating findings

e Increase buy-in and ownership among
involved stakeholders

Challenges

* Biases

e Time-consuming

e Trade-offs between validating findings and
building ownership

Benefits
o Clarify complex issues

Combining different data
collection methods that
incorporate visual products

possible at all stages of the evaluation process, in particular when
defining the objectives, developing indicators, and reporting
the findings. Nonetheless, some challenges are mentioned.
One respondent claim that personal involvement can create
biases. Others note that stakeholder involvement is time-
consuming, and that extensive participation paradoxically can
lower engagement. There are also trade-offs between validating
findings on one hand, and building ownership and buy-in on
the other.

Many methods are considered useful when evaluating co-
production initiatives, including interviews, mixed-methods,
group discussions, questionnaires, written reflections, indicators,
and document review. 98% agreed that visual products can clarify
complex issues.

DISCUSSION

Research Implications

Despite recent advances in climate services, research is thus
far paying little attention to the evaluation of such services.
Many methods exist for evaluating research impact. However,
few consider climate services and their impact on adaptation
policy and action. Usability is rarely assessed. We address this
gap by introducing four methodological guidelines that may
serve as stimuli for further discussions on how to evaluate
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co-produced climate services. In line with previous research
(Sarkki et al., 2015; Belcher et al., 2016; Zscheischler et al.,
2018), we argue that novel evaluation practices are needed
to capture the broad array of effects that emerge when co-
producing knowledge. The proposed methodological guidelines
support a shift of evaluation approach from traditional practices
emphasizing academic outputs to one that capture the many,
often intangible or unexpected, effects that emerge, when co-
producing climate services.

Our methodological guidelines add to the body of research
that seeks to evaluate research impact and co-produced
climate services, and shed light upon the need to rethink
evaluation practices. Most previous research has focused on
suggesting criteria for evaluating co-produced climate services
and adaptation (Wall et al., 2017; Visman et al., 2022) as well as
their quality (Bremer et al., 2022). Methodological choices remain
understudied. In line with previous research (Walter et al., 2007;
Jones et al., 2009; Hassenforder et al., 2015), we acknowledge that
metrics and criteria themselves are insufficient when evaluating
co-produced climate services. Objectives and strategies tend to
change as the co-production process evolves (Laycock et al.,
2019), and stakeholders may have contrasting views on what
constitutes “success” depending the context in which they operate
(Vincent et al., 2020). In this vein, the proposed methodological
guidelines support flexible practices and address the challenges
that arise when using predefined metrics and criteria in value
laden and complex co-production processes.

We believe that the methodological guidelines are
applicable in co-production processes that are developed
for different purposes from climate services. The methodological
guidelines draw on evidence from the broader sustainability
literature (Blackstock et al, 2007; Carew and Wickson,
2010), suggesting that they also may prove applicable in such
contexts. Sustainability science faces similar challenges as
climate services when being evaluated, including complexity,
uncertainty, and long time horizons. The methodological
guidelines can offset these challenges, and thus support the
many science-policy interfaces taking place amid complex
socioenvironmental systems.

Applicability of the Four Methodological

Guidelines

The four identified methodological guidelines are designed to
fit a broad array of contexts, which enable effective application
in a variety of climate service initiatives regardless of their
scope, topic, and resources. As demonstrated in the survey
responses, applying the methodological guidelines could
improve evaluation practices by yielding multiple benefits,
such as capturing both tangible and intangible effects;
managing complexities and uncertainties; monitoring external
factors; bridging stakeholder interests; and better representing
causal linkages.

While the methodological guidelines can be applied in
isolation, we suggest combining them as they are designed to
complement each other. Together, they address all identified
challenges that emerge when evaluating co-produced knowledge

(see Table5). Moreover, significant overlaps exist between
the guidelines, suggesting they can reinforce and perpetuate
one anothers positive impacts. For example, developmental
evaluation can be introduced to support an adaptive use of
the theory of change, allowing it to be refined as change
unfolds. A theory of change is better constructed when taking
a participatory approach as it allows stakeholders to form a
consensus representing the multitude of perspectives involved.
Furthermore, a theory of change is best presented as a visual
product together with qualitative or quantitative indicators.
Visual products tend to be participatory by nature, allowing
stakeholders to engage around a boundary object.

Challenges Applying the Methodological

Guidelines

The survey responses shed light on some new challenges not
being addressed in the reviewed literature. There appears a
significant gap between theory and practice, indicating that
current evaluation practices tend to neglect the contextual
realities faced by involved stakeholders.

Looking at the survey responses, many are unfamiliar with
the theory of change evaluation approach while others regard
it as being difficult, academic, reductionist, or donor-driven.
The theory of change approach seems to encounter the same
shortcomings as other logic models in its practical application,
although the reviewed literature makes a clear distinction
between the two (Fazey et al, 2014; van Es et al, 2015).
A probable reason for this, supported by findings from the
survey, is the limited time and budget allocated for reflection
and learning. van Es et al. (2015) argue that reflection is key
when building a theory of change. Nevertheless, in practice,
stakeholders face budgetary and time constraints that inhibit
such critical reflection. Arguably, in line with developmental
evaluation, there is a need to embed the reflection process into
the evaluation cycle to encourage reflexive learning, ultimately
stimulating the many benefits associated with building a theory
of change.

It is evident in our study that challenges also arise in relation
to stakeholder engagement. Participatory evaluations are no
silver bullet, and must be adapted to the context at hand.
As noted in the survey responses, participatory evaluations
are time- and resource-intensive. Extensive participation can
cause fatigue and lower engagement. Our findings indicate that
funders sometimes require extensive stakeholder participation
without fully grasping the research context and conditions, while
researchers and practitioners express a lack of budget and time
to engage in such activities. There seems to be a disconnect
between funders’ expectations and practical realities, highlighting
the importance of flexible funding conditions that stimulate
adaptive management.

CONCLUSION

As climate change continues to alter weather patterns, there
is a growing need for climate services to support adaptation
policy and action. Climate services are, however, rarely
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evaluated. This paper addresses current evaluation challenges
and opportunities, by identifying methodological guidelines
that outline methods and approaches fit for evaluating co-
produced climate services. Based on a literature review and
survey responses, the following methodological guidelines
are identified: (i) engaging in adaptive learning by applying
developmental evaluation practices, (ii) building and refining a
theory of change, (iii) involving stakeholders using participatory
evaluation methods, and (iv) combining different data collection
methods that incorporate visual products. Our study indicates
that the proposed methodological guidelines can offer significant
benefits when evaluating co-produced climate services, such
as helping stakeholders to map complex change pathways;
capturing external influences; measuring the intangible; bridging
conflicting interests; identifying unexpected effects; enhancing
usefulness and learning; clarifying underlying assumptions;
increasing ownership and buy-in; understanding causal linkages;
and building trust.

Our study makes a significant contribution to a better
understanding of what methods can be used when evaluating
co-produced climate services, hence, marks a step toward
improved research impact evaluation. Future empirical testing
is, however, required to assure that the proposed methodological
guidelines are feasible in practice. We recommend applying
these guidelines in an array of empirical contexts to test
their applicability in various stakeholder constellations and
situations, and thus stimulate further refinement. Future research
can engage with a growing body of developmental evaluation
literature for cross-learning of methodological challenges and
good practices.

Our study shows that evaluation is essential to enhance
research impact of climate services, as it can reveal strengths
and weaknesses of the current approaches and pave the way
for more effective, user-oriented, and demand-driven climate
services. Improved evaluation practices can ultimately increase
the effectiveness and efficiency of climate services, thus equipping
decision-makers with improved climate risk information and
assessments. Most importantly, this can better inform the
adaptation efforts urgently needed to combat climate change.
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