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The success of climate services for adaptation to climate change is increasingly studied, but there exists a varying
understanding of what climate services are and what makes them successful. This study systematically mapped
the breadth and depth of peer-reviewed literature on the subject and synthesized evidence on what we know,
don’t know and need to know about successful climate services. The study focusses on services that are based on
long-term climate information or aim to inform decision-making on longer time scales and includes papers that
inform on success, including evaluation studies, empirical investigations in the factors and practices that in
fluence success, and conceptual discussions on what constitutes success.
Results show that insights on climate service success are scattered and most often originate from western and
developed countries. Conceptualizations of success in the literature are diverse and focus on processes for pro
duction and use, product characteristics and process elements of the service itself, and/or on contextual factors.
Studies that assess the results of climate services tend to focus on evaluating (perceived) usability, though uptake,
impacts and outcomes of services are rarely assessed systematically. Frequently reported success factors include
brokering functions, user-producer interactions and iterative and flexible development processes. To be suc
cessful, services themselves should be contextualized and tailored to the user and its decision-making context.
We conclude that whilst context emerges as a critical determinant of success, the configuration of factors and
processes leading to success demand further investigation.

Introduction
Climate services are increasingly viewed as an important means to
support individuals, communities, and organizations in effectively
adapting to the long-term impacts of climate change. They are expected
to have significant societal benefits manifesting at the individual, col
lective or larger environmental level, and include increased awareness
of climate impacts, better decisions, improved safety, and reduction of
damages in climate vulnerable economic sectors (Daron et al., 2022;
Findlater et al., 2021; Harjanne, 2017; Vaughan and Dessai, 2014;
WMO, 2015). Using long-term climatic information in planning is
especially important to prevent maladaptation and lock-ins of inefficient
and costly development (Jones et al., 2017). Consequently, governments
and supranational entities are investing in climate service development

and supporting infrastructures, for example with the emerging climate
services market in Europe (Cortekar et al., 2020). Additionally, scientific
interest in climate services is rapidly growing and increasingly focused
on supporting climate adaptation (Larosa and Mysiak, 2019).
A general concern in both literature and practice, however, is that
climate services are not successful in reaching the last mile to support
adaptation planning (e.g. see Perrels et al., 2020). This had led to a call
for a shift from climate services that are science-driven, to services that
are user-driven and science-informed (European Commission, 2015;
Larosa and Mysiak, 2019; Weichselgartner and Arheimer, 2019). In line
with this thought, practices such a co-production and tailoring climate
information to user contexts are suggested and described to increase the
success of climate services (e.g. see Lemos et al., 2012; Lorenz et al.,
2015). The investments in creating climate service infrastructures and
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improving development practice give rise to the question of whether and
when climate services are successful at delivering the expected benefits.
Successful climate service development and use is often the topic of
climate service research. Success refers to, in this context, the climate
service-related perspectives connected to the desired and undesired
processes and results. Various perspectives exist around what makes a
climate service successful, referring for example to climate service us
ability, uptake or effective production processes. However, most evi
dence of success remains rather anecdotal, providing lessons learned
and recommendations based on project experiences. Systematic in
vestigations into the factors and processes contributing to success are
lacking. There are a mere few review studies that focused specifically on
the success of climate services for adaptation to long-term climate
change, such as Jones et al (2017) that informs on the constraining and
enabling factors to use long-term climate information in adaptation
decision-making. In general, larger n-value case studies of climate ser
vices are scarce. An exception here is the study by Vaughan et al (2018),
who investigate typical climate service practices by reviewing more than
100 self-reported project descriptions. While the field of climate service
research provides valuable insight in what worked successfully in a
particular context, it remains unclear what constitutes success, how
success can be evaluated and what factors critically determine success.
This study aims to contribute to filling this gap by systematically
mapping the scope and depth of the literature and synthesizing evidence
of what we know about successful climate services for adaptation to
long-term climate change. Moreover, this study explores directions for
advancing our understanding of climate service success and suggest
areas for future research.

Search strategy
Three scientific bibliographic databases were consulted to ensure a
good coverage of relevant sources: Scopus, Web of Science, and CAB
abstracts. A list of keywords was prepared for two concepts: 1) climate
services and 2) success, based on a review of key sources on this topic
(see SM1). Synonyms and related terms were identified to expand this
list. Recognizing that the term ‘success’ is rarely used in climate service
literature, a broad search strategy was applied to collect as many rele
vant sources as possible. The search string was developed and tested in
several iterations. The best result was accomplished with: (climate ser
vice AND (success CLOSE TO service)). See SM1 for the full search string
and its development process. Searches in the electronic databases yiel
ded a total 2541 unique publications, see Fig. 1 for the evidence syn
thesis flow diagram.
Data screening
All sources were screened for relevance based on the abstract. Papers
were included if they provided a (partial) conceptualization of climate
services success, for example by giving a definition of success, intro
ducing factors influencing success, evaluating the success of a climate
service or providing a framework to do so. Moreover, the publications
needed to address climate services for climate change adaptation for the
long term. Papers studying services focused only on shorter time scales
(up to a decade) or climate change mitigation, were excluded. If papers
did not specify what type of decisions the climate services aimed to
support, but clearly informed on the success climate services to inform
climate-related decisions, they were also included. Full texts of included
papers were then screened using the same criteria.
Two researchers screened the abstracts and the full texts of included
papers independently to minimize the potential risk of selection bias.
Agreement on the relevance of a source was necessary to pass on to the
next round. In case of disagreement, publications were discussed.
Disagreement generally emerged from one of the criteria being unclearly
addressed in the article. For example, conflicts emerged relating to the
question of whether a publication sufficiently informed on success. Pa
pers that were not spot-on were initially put aside and reviewed again
later for a final decision, see SM 1. The software programme DistillerSR
(Evidence Partners, Ottawa, Canada) was used to facilitate the process of
screening the 2541 papers.
After the two stages of screening, a total of 141 publications were
included in the dataset. To minimize the risk that key papers were
missed, an additional reference checking step was conducted. For this, a
list of all first authors of the included papers was established. Authors
that had more than one paper in the dataset were considered ‘experts’ on
the topic, following the logic that authors who self-select to publish on
climate service success are more likely to have relevant experience and
knowledge on this topic (Nalau and Verrall, 2021). The references of
included papers by expert authors (n = 15) were reviewed to identify
additional relevant papers. Abstracts of potentially relevant titles were
further screened, and if these were found relevant, the full text was also
assessed. Eight additional papers were identified through this process
resulting in the 149 final papers considered for the analysis.

Methods
This study synthesized evidence from English, peer-revied literature
regarding successful climate services for adaptation. The systematic
mapping of literature followed the ROSES standard (Haddaway et al.,
2018), see Supplementary Material SM1 (Appendix A) for the evidence
synthesis report. Systematic maps describe the state of knowledge for a
question or a topic, and are especially valuable for broad questions that
include evidence from multiple interventions and outcomes (James
et al., 2016), such as is the case with climate services. The mapping
study was complemented with an inductive analysis to identify the main
themes studied.
Conceptual demarcation
As there are various understandings of what climate services are and
what they should do (Brasseur and Gallardo, 2016; Weichselgartner and
Arheimer, 2019), it is necessary to specify what we mean with climate
services for adaptation to long-term climate change as this informs the
demarcation of this study. We use a broad definition, building on that by
the European Commission (2015 p10): The transformation and delivery of
climate-related research, information and data – together with other relevant
information – into customized products that may be of use for the society at
large to plan for long-term climate change adaptation.
This definition is in line with the understanding that there are both
product and process components to climate services (Vincent et al.,
2018a,b; Weichselgartner and Arheimer, 2019). Moreover, the defini
tion shows these services go beyond information on climate change; they
can (also) inform on adaptation strategies, the costs of (in)action, and
socio-economic or other developments that impact the climate vulner
ability. Furthermore, the reference to time scale indicates that we are
specifically regarding services that aim to support long-term planning
and investment decisions, rather than developing strategies to deal with
forecasted climate events on timescales up to a decade. Therefore,
literature focusing on short term alone, is not considered in this study.

Data extraction and analysis
Data was extracted in DistillerSR using a codebook with a mixture of
predetermined codes and some open codes (see SM 1). Further analysis
and aggregation of codes was performed in Excel. To characterize the
depth and breadth of the research, topics for coding needed to be suf
ficiently detailed to inform future work, but generic enough to be
applicable to both empirical, conceptual and review type papers. We
developed codes for three categories. First, we mapped generic research
characteristics, such as the research approach and location of study.
Second, we mapped characteristics that inform on the objects of study of
2
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Fig. 1. Flow diagram for systematic evidence synthesis (Haddaway et al., 2018), showing the stages at which papers were included (light blue blocks) and excluded
(yellow blocks) with reasons. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

papers, describing the climate service itself, the actors engaged in the
production and use of the service, and the context in which the climate
service is applied. For studies performing actual evaluations, we also
mapped the results that were assessed (e.g. outputs, outcomes, impacts).
Finally, to generate insight in how the publications inform on success, an
inductive approach was used to identify the main theme of each publi
cation in relation to success (Bryman, 2016; Petticrew et al., 2013).
The main theme of a paper was identified by analyzing three open
codes, informing on 1) the main topics of the paper, 2) the goal of the
paper, and 3) the papers’ orientation towards success. Themes were
iteratively developed by comparison of codes within and across papers.
The papers were revisited to validate the attached themes and to collect
main insights from the papers to be able to present main findings.
Data was narratively synthesized using descriptive statistics. To
explore possible patterns in research as well as research gaps, results are
analyzed looking at the co-occurrence of the characteristics. Moreover,
to increase the insights in how the publications inform on success,

descriptive statistics were complemented with main insights from the
thematic analysis to illustrate findings.
Limitations of the study’s research design
There are some limitations to this study’s research design. Firstly,
evaluations and other reports performed outside the scientific domain
remained out of scope in this study, meaning more practice-informed
experiences and perspectives were potentially missed. Secondly, the
use of broad definitions for ‘climate service’ and ‘success’ fit the study’s
exploratory objective and allowed to identify a broad range of insights.
At the same time, this made the searching, screening, and analysis of
papers more complex. Searching for papers of interest was an iterative
process, making trade-offs between identification of additional relevant
papers and keeping the number of papers to review manageable. The
papers were not critically appraised due to the variety of methodological
and conceptual approaches, but rather assumed that peer-review offers a
3
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minimum form of appraisal. Finally, the analysis of papers required a
high level of abstraction to be able to compare the papers and synthesize
evidence. This together means that this study gives a general and highlevel overview on what we know about success and presents some
illustrative examples.

of study is diverse, with most publications focusing climate service
development and/or use at regional (n = 51), national (n = 33) or local
(n = 24) scales.

Results

Fig. 3 (parts c, d and e) summarizes the characteristics of the object
of study, describing the population, intervention, and context of
application.

Characterizing the object of study

The results section starts with mapping the publications’ character
istics (section 3.1) and their objects of study (section 3.2). Then follows a
description of the success-related themes addressed by the publications
that, illustrated with examples (section 3.3).

Population
A variety of climate service users and producers were studied. It was
not always clear who these users and producers were (n = 42 and n = 46
respectively). Sometimes the authors didn’t specify the term user or
producer at all. In other cases, rather general terms were used, such as
practitioners or decision-makers, without specifying their roles or affil
iations. About half of these papers specified either the producer(s) or the
user(s). For example, Lemos et al (2014) describe how boundary orga
nization ‘GLISA’ could increase climate information usability by forming
so-called boundary chains (see also 3.3.1) for users in general. Alter
natively, Kiem et al (2016) did not focus explicitly on a specific producer
when studying the information that water resource managers think they
need for adaptation decisions. The services in this mapping were most
often produced and/or delivered by a research performing organization
(n = 43), brokering organization (n = 11) or a combination of actors or
organizations (n = 41). In case of a combination of producers, it most
often also included a research performing organization. Governmental
organizations were most often targeted as a user (n = 91), often in
combination with private companies and NGOs. Often researchers reach
out to policy-makers or practitioners in governmental organizations to
develop or improve climate services. For example, scientists from a
conservation institute in the United States, reached out to sagebrush
land managers, to assess climate web applications and thereby gain
insight in how future applications could best meet the land managers’
needs (Brown and Bachelet, 2017). Another example comes from the
Caribbean and Pacific Small Island Developments States, where local
scientists – supported by a UK program – developed climate change
report cards for governmental actors on national, regional and local
scales (Townhill et al., 2020). Only few papers regarded private com
panies as the mains users (n = 6). An example from this category is the
paper by Pesonen and Horn (2014), who evaluated the climate SWOT
tool with businesses, looking at the usability of the tool, as well the
extent to which it increased awareness and led to actual changes in
decisions.

Characterizing climate services research
The dataset primarily contains journal articles (n = 139), with a few
additional book chapters and series (n = 10). Most sources were pub
lished in journals focusing on climate change and management of the
environment. The most frequently used journals are Climatic Change
(22), Weather, Climate and Society (n = 14), and Climate Services (n =
14). The (co)authors who have published most frequently on the topic
are Lemos (n = 12), Dessai (n = 12), Kirchhoff (n = 10). The number of
publications on this topic has trended upwards since 2010 (see Fig. 2), as
is true for all climate adaptation research (Nalau and Verrall, 2021).
A breakdown of study designs, locations, and scales is provided in
Fig. 3 (parts a and b). The publication types of studies are diverse. Most
are based on empirical investigation with a clearly described method
ology (n = 88), and conceptual approaches are also common (n = 48).
There was only a limited number of reviews on this topic (n = 13). The
main purpose of a paper is highly skewed towards being exploratory or
descriptive in nature (n = 110). Only a few studies performed actual
evaluations of climate services (n = 14) or sought to explain the re
lationships between variables (n = 13). Counting cases in all publica
tions shows that most papers focus on at least one clear unit of analysis
or case (n = 117). Empirical studies mostly depended on single cases (70
%) or small sample of cases (25 %). Conceptual papers also often focus
on cases (60 %), though these publications were not classified ‘empir
ical’ because a clear methods description was lacking and used cases
only as illustrative examples. Qualitative research approaches, using
interviews, observations and document analysis for example, were most
common (n = 98). Mixed approaches were also relatively frequent (n =
42), combining in-depth interviews with frequency analysis on climate
service use, for example. Studies rarely used quantitative methods alone
(n = 9).
Most sources had a geographical focus (n = 121), with a high rep
resentation in Western and developed countries such as the United
States of America (n = 59), countries from Northwestern Europe (n =
50) and Australia (n = 10). Only a limited number of papers focused on
countries from Africa, Asia, and Southern America, see Fig. 4. The scale

Intervention
With regard to the intervention studied, a large number of papers did
not focus on a realized climate service, only discussing climate services
hypothetically (n = 61). The other publications focused on one or more

Fig. 2. Number of publications per year (n = 149).
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Fig. 3. General research characteristics (part a,b) and characteristics that inform on the objects of study (part c,d,e) of the publications (n = 149).

realized climate service(s) (n = 37), or on specific programs or organi
zations that produce service(s) (n = 51). Most publications, both hy
pothetical and realized, did not explicitly characterize the type of service
they were studying (n = 107). They did not describe how knowledge or
information was transformed, packaged and offered to users. Of the

publications that did characterize the service, the majority regarded
maps and tools, climate change scenarios or projections and related
products, and synthesis reports. The category of maps and tools includes
services of various types and applications, ranging from a geo-web
application to map climate exposed locations applied in a workshop
5
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Fig. 4. Number of publications studying specific countries (n = 146). Note that not all publications with a geographical focus specify a country, and that publications
can study multiple countries.

setting (Minano et al., 2018) to a web-application with coastal flood risk
information for individual use (Wong-Parodi et al., 2014). Varying as
pects of the services are studied, for example regarding scenarios, PilliSihvola et al (2015) studied how climate scenarios for adaptation were
communicated and used in Norway, Sweden and Finland. Alternatively,
Skelton et al (2017) looked at how different social and scientific values
determine what is considered ‘good science for decision-making’ in
Netherlands, Switzerland and the UK. They found that differences in the
perspectives are reflected in how users are engaged in producing climate
change scenarios. The time horizon of information in climate services
was not always well specified (n = 39). The largest share of publications
considered climate services with both short-term (forecasted) and longterm (projected) information (n = 67). Only a limited number of papers
focused on long-term climate information specifically (n = 43). How
climate services were intended to support different stages of adaptation
was often not well specified. Only 24 publications specified the purpose
of the climate service: understanding the adaptation challenge and
planning for adaptation were most often mentioned.

precipitation.
Evaluative publications
The evaluated results of the 14 evaluative publications were
analyzed, see Table 1. Two of them were systematic reviews, two were
experiments and the remaining ten papers evaluated implemented
climate services. Almost all evaluations assessed outputs, though some
also assessed process or outcome. Long-term impacts were not
evaluated.
Ten of the evaluations concluded that the services in question were
successful or partly successful, and various of these papers also discussed
the factors explaining success. Most success factors related to the design
of the project and process and included co-production with users, flex
ibility of the project design, assessing user needs through iterative pro
cesses, knowledgeable intermediaries to facilitate development and use,
debriefing and evaluation after use, and generating trust between re
searchers and practitioners (Flood et al., 2018; Laudien et al., 2019;
McNie, 2012). Co-production was especially found to contribute to
success due to a careful selection of a broad coalition of actors, the
reflection on expectations, and reflective choices on degrees and forms
of cooperation. Moreover, being able to situate the co-production pro
cess on a supportive institutional location on the science-policy interface
led to a ‘space’ where research could be carried out that maintained
policy relevance (Hegger et al., 2012; Hegger and Dieperink, 2014).
Furthermore, strong organizational leadership, a decentralized organi
zational structure, and learning mechanisms, facilitated a producing
organization to being able to adapt to changing contexts and needs
(McNie, 2012). Additionally, building capacity on climate information
use was found to stimulate the development of demand for this infor
mation (ibid). Some success factors were related to the service itself and
included the use of visualization to attract attention to impacts, pre
senting complex information in a simplified manner, using the stake
holder’s language, offering information in modules to service diverse

Context of application
Concerning the context of application of the climate service, char
acterization remains limited. Less than half of the publications focused
on the adaptation of on one or multiple sectors (n = 72), the other papers
having no clear sectoral focus. About one third of papers in the latter
category study general elements, characteristics or principles associated
with successful climate services not tied to a specific scale or sector. For
example, Richards and Carruthers Den Hoed (2018) identify-seven
effective messaging strategies for communicating climate change sci
ence to the policy domain. The most frequent sectors referenced were
nature and natural resource management (n = 30), water (n = 27), and
food and agriculture (n = 20). The climate hazard that the climate
service aims to address was often not well specified. The 31 publications
that did clearly describe hazards focused on changes in temperature and
6
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Table 1
Results of evaluative publications (n = 14).

Table 1 (continued )
Results: What is evaluated and was it successful?

Results: What is evaluated and was it successful?
Ref
ID

Climate service

Object of evaluation

Relative
success*

55

Climate adaptation portal
and atlas

Output
Evaluating use and usability of
the portal and atlas, by
assessing the number of users
and investigating user
perceptions of information fit.
(implemented intervention)
Output; Process
Evaluating the effectiveness of
workshops and used tools,
conducting pre and post
workshop investigation of user
perception of salience,
credibility and legitimacy.
(implemented intervention)
Output
Evaluating the extent that
databases effectively
contribute to knowledge
sharing, by researcher’s
assessment of content quality,
user experience, and evaluation
and learning potential. (review)
Output; Outcome
Evaluating the usability of the
tool for increasing awareness
and building strategies, by
investigating of user
perceptions. (implemented
intervention)
Output
Evaluating the usability of the
website design, by researcher
assessment of successful
navigation and interpretation
of information by users.
(experiment)
Outcome
Evaluating the effects of
gameplay on learning
outcomes of games, by
researcher assessment of
cognitive, normative and
relational learning outcomes,
and positive and negative
contributions. (review)
Process
Evaluating the extent to which
usable science is produced in
the projects, by researcher
assessment of the project
design capturing the criteria of
pertinence, quality and
timeliness. (implemented
intervention)
Output; Process
Evaluating the extent to which
a joint knowledge production
process is successful in
producing useful knowledge,
by investigating the users’ and
producers’ perceptions of
salience, credibility and
legitimacy. (implemented
intervention)
Output
Evaluating the ability of the
tool to support local adaptation
planning, by investigating the
users’ perceptions on how it
supports building climate
change understanding and

+/-

208

244

1276

Climate change
workshops and tools

Climate change databases
– adaptation cases

Climate SWOT tool

1503

PINEMAP Decision
support system

1595

Serious Games

1887

International Polar Year
usable science projects

1966

Hotspot Zuidplaspolder
project

2539
AdaptNS GeoWeb tool

Ref
ID

Climate service

2631

Climate projection graphs

3172

Regional Integrated
Sciences and Assessments
(RISA) programs

3234

UKCIP09 Climate change
projections

6010

Surging Seas Risk Finder

6021

Joint adaptation
knowledge production
programs

+

–

+

?

+

Object of evaluation
planning for adaptation, as well
as general user experience.
(implemented intervention)
Output
Evaluating the usability of
visualizations of projected
climate variables, by assessing
users’ comprehension of
information (through both user
perception and researcher
assessment) and the users’
preference for visualizations.
(experiment)
Output
Evaluating the usefulness of
climate information, by
investigating users’ perception
of salience, credibility and
legitimacy. (implemented
intervention)
Output
Evaluating the usability of the
projections for adaptation
decision making, by
investigating users’ and
producers’ perceptions of
salience, credibility and
legitimacy. (implemented
intervention)
Output
Evaluating the usability of the
tool by assessing the users’
understanding of facts
presented by the tool,
consistency of preferences, and
ability to make inferences
based on the facts in the tool.
(implemented intervention)
Output; Process
Evaluating the success of the
joint knowledge production
projects, by investigating the
users’ and producers’
perceptions of salience,
credibility and legitimacy.
(implemented intervention)

Relative
success*

?

+/-

+/-

+

+/-

*+ successful; +/- partly successful; – not successful;? unspecified.

–

needs, and making the service encouraging and enabling (Blades et al.,
2016; Laudien et al., 2019; McNie, 2012). Finally, having sufficient
financial and other resources available as well as having a supportive
policy context were identified as important conditions for success
(Hegger et al., 2012; Laudien et al., 2019).
The two papers in which the services were assessed as unsuccessful
did not investigate conditions for failure. The remaining two experi
ments did not specify whether the services were a success or not, rather
they discussed the impacts that factors such as gender and visualization
type had on success. Lorenz et al (2015) found that people tend to use
the type of visualization that they think they understand. The experi
ment of Maudlin et al (2020) found that gender or corelating de
mographic characteristics may influence whether a certain website
design is usable.

+

+

Themes in research on climate service success
To gain insight in the main themes studied in relation to successful
climate services, an open coding process was applied to inductively
investigate recurring themes. Four clusters of themes were identified,
see Table 2. The following sections expand upon the research clusters
7
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analyzing the functions (Cash et al., 2006) of convening actors from
different backgrounds, translating information across cultural bound
aries, collaborating, and mediating problem framing and conflict (e.g.
see Shaw et al., 2013). Additionally, brokering organizations facilitate
knowledge co-production and exchange processes (e.g. see Colavito
et al., 2019). Factors that support brokering organizations to do this
successfully include institutionalized flexibility, cross institutional
collaboration, embeddedness in the target audience, built-in evaluation
and learning, subject matter expertise and complementarity within the
team, and a receptive and engaged audience (see also Wreford et al.,
2019).
A specific subset of papers focusses on the role of boundary organi
zations partnering with other intermediaries in so-called ‘boundary
chains’. These partnerships allow boundary organizations to increase
their reach while minimizing transaction costs (Lemos et al., 2014).
Boundary chains may be especially successful if they are able to leverage
complementary recourses and create synergies (Kettle and Trainor,
2015; Kirchhoff et al., 2015).
A small set of papers (5 %) provide guidance for climate service
development. Recommendations in this theme regard developing an un
derstanding of decision-making contexts and existing sources of trusted
information, taking the time to develop trusting relationships with users,
maintaining credibility in both scientific and stakeholder communities,
fostering innovation through engagement, entrepreneurship and eval
uation, building services on good-quality observational data, and using
effective messaging strategies (e.g. see Brugger et al., 2016).
Some papers (2 %) focus specifically on the role of communities of
practice (COPs) in producing or delivering effective climate services, for
example by acting as specialized networks that can tailor knowledge to
local needs (Kalafatis et al., 2015). Success factors include ensuring
openness and empathy for each other’s contexts, regular face-to-face
communication, willingness to adapt the methodology, and workplans
to reflect emerging user needs (Vincent et al., 2018a,b).
Finally, the theme other productions aspects (2 %) contains papers
discussing various challenges in climate service production, such as
dealing with multi-actor collaborative structures for adaptation plan
ning (Giordano et al., 2019).

Table 2
Success related themes addressed by the papers (n = 149).
Themes
Cluster (%)

Recurring theme within cluster

%

Activities, processes and roles in
climate service development
(41 %)

Engagement and coproduction

21
%
10
%
5%

Climate services and their results
(39 %)

Conceptualization of climate services
and success
(12 %)
Promises, limitations and challenges
(9 %)

Brokering organizations
Guidance for climate service
development
Community of practice
Other production aspects
Factors influencing climate
services and their results
User needs and preferences
Assessing climate services and
their results
Conceptualizing climate services
Evaluation of climate services
Business models
Other promises, limitations and
challenges

2%
2%
16
%
13
%
11
%
4%
7%
2%
7%

and themes and highlight main insights from these research themes.
Activities, processes and roles in climate service development
The first cluster contains publications that have a central focus on the
activities, processes and roles in the production of successful climate
services. Many papers focus on engagement and co-production (21 %),
studying strategies and models for user-producer interactions in the
development of successful services. While the form and purpose of these
interactions may differ, generally these interactions are expected to
result in information and knowledge that is more ‘actionable’ or ‘usable’
for decision-making. Interactions may build mutual understanding and
trust, leading in turn to improved capacities for developing decisionrelevant and contextualized services as well as a higher willingness
and improved capacity to use them (e.g. see Goodess et al., 2019).
Whether the produced knowledge is indeed actionable is often discussed
in terms of salience, credibility and legitimacy.
Various recommendations, strategies and conditions for successful
interactions are provided (e.g. see Hegger et al., 2012; Vincentet al.,
2018a,b). The publications in this theme often emphasize factors such as
a careful and deliberately designed interaction processes, built-in flexi
bility, high levels of iterativity (see Lemos and Morehouse, 2005), in
clusive representation of actors, the definition of joint goals for the
project and process, clear responsibilities and expectations, the presence
of sufficient resources, the contributing role of a good process facilitator,
and being responsive to diverse perspectives and knowledge and
including non-scientific local knowledge in service development.
Still, multiple barriers for establishing contributive interactions are
mentioned, often emerging from the different cultures, languages, logics
and values of users and producers (e.g. see Briley et al., 2015; Porter and
Dessai, 2017). Moreover, setting up interactions requires considerable
time and financial costs, while the gains of interactions are not guar
anteed. Various authors therefore argue that the level and form of in
teractions should be aligned to the user and its context (Hewitt et al.,
2017; Lemos et al., 2019; Meadow et al., 2015).
Ten percent of the publications had a central focus on the role of
brokering organizations, such as boundary organizations and some NGOs.
Brokering organizations act as an intermediary between the knowledge
using and producing communities and can help to overcome challenges
related to the production of usable information and the actual uptake of
information (e.g. see Gordon et al., 2016). By overcoming such chal
lenges, the usability of climate services increases, often discussed in
terms of saliency, credibility and legitimacy.
Strategies used by brokering organizations are often discussed by

Climate services and their results
The publications in the cluster climate services and their results focus
on the success of the climate services itself and the factors that
contribute to it. The publications rarely use the term success, rather
discussing quality, use, usability, impacts on decision-making, integra
tion in policy, and changes in behavior. The largest share of papers in
this cluster discusses factors that influence climate services and their results
(16 %). The focus is mostly on factors and practices that influence use
and usability and include risk perception, fit of information including
design and visualization aspects, interplay with existing knowledge and
models of management of users, interactions between users and pro
ducers, organizational design of producers, the processes of translation
and contextualization, and the wider institutional context of adaptation
planning such as the legal and regulatory system (e.g. see Lemos et al.,
2012; Lorenz et al., 2017;McNie, 2012). In addition, factors influencing
usability and uptake are presented in the form of barriers and enablers
(e.g. see Flagg and Kirchhoff, 2018;Jones et al., 2017), see Table 3 for
examples.
Another set of papers assesses climate services and their results (11 %).1
Some papers primarily assess the use of climate services. Townhill et al
(2020), for example, describe how the climate change report cards
developed for the Caribbean and Pacific regions were especially used on
the political level and provided a basis for regional action. Their success
was attributed to the service being brief and attractive. Alternatively,

1
Note that papers in this cluster are not necessarily classified as ‘evaluative’
papers.
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stages of adaptation planning, and capacities for using information (e.g.
see Nordgren et al., 2016). Finally, needs are sometimes discussed in
terms of success criteria for information such as applicability, ease of
use, topicality, relevance, scientific basis, accessibility, and userfriendliness (e.g. see Hoffmann et al., 2020).

Table 3
Examples of frequently reported barriers and enablers for climate service use
and (perceived) usability.
Barriers and Enablers related to

Examples of barriers and enablers

Organization, capacity, culture
and attitude of users

Barriers: reactive attitudes, culture of risk
aversion, climate change skepticism, limited
flexible organizations, other pressing issues,
lack of formal mandate to use information,
limited financial capacity, limited technical
capacity to analyze, interpret and use
information
Enablers: institutional reform, building
capacities, increasing climate literacy, trigger
events, feeling at risk, leadership, culture of
innovation, regulatory incentives
Barriers: inappropriate spatial resolution,
information is not actionable enough for
management - for example it merely describes
the system and general patterns, uncertainties,
limitations regarding science and data
availability, inappropriate information format,
poor communication and outreach systems, no
timely delivery

Climate services, and underlying
science, data and information

Disconnect between users and
producers

Conceptualizing climate services and success
A small share of publications focused on the conceptualization of
climate services and their success (11 %). These publications discuss how
climate services should be understood and evaluated. Some of the papers
focus on the conceptualization of climate services itself and what that
means for success (4 %). Weichselgartner and Arheimer (2019), for
example, call for agreed structures and forms for conceptualization,
operationalization and evaluation of climate services and propose a
qualitative typology. Stegmaier et al (2020) further argue that success or
failure of climate services will depend on their ability to embed users as
equal and integral partners in the co-construction of services. Addi
tionally, Giuliani et al (2017) suggest extending the definition of climate
service with architectural principles, including making climate service
systems flexible, efficient, interoperable. This is necessary to allow the
discovery, access and use of data possible for a wide audience.
The other 7 % of papers in this cluster discuss how climate services
could or should be evaluated, proposing criteria, frameworks or con
siderations for evaluation. Various authors discuss how the perspective
taken towards evaluation critically determines what is evaluated and
what not (Hulme and Dessai, 2008; Moser, 2009).
Several evaluation frameworks are introduced (e.g. see Ernst and
Preston, 2020; Vaughan and Dessai, 2014; Wall et al., 2017). From the
application of their evaluation framework to a large set of case studies,
Vaughan et al (2018) found that to be able to learn from successful
practices, climate service case studies should better report on the causal
links between interventions and outcomes.
Elements and criteria for evaluation mentioned in this theme include
the establishment of partnerships, the relevance and perceived rele
vance of climate services, the comprehension of the service, accessi
bility, fitting to the decision-making context, delivery timeliness,
alignment to the concept of resilience, impacts on decision-making and
planning, scalability of the climate service, the uptake of the service, the
publication of peer-reviewed papers, the quality of the data and infor
mation including the perceived trustworthiness, and contributing to
successful adaptation.

Enablers: using appropriate formats and
language to increase accessibility, improving
science, contextualizing knowledge,
actionable knowledge - for example by
including non-climatic data and information
and by suggesting adaptation options and
characterizing them in a broader sustainability
concept, coordinated delivery of data and
information, using trusted sources for delivery.
Barriers: trust and credibility issues, lack of
interaction between producers and users,
divergent time frames of knowledge-making
and decision-making processes;
misconceptions of what models can be used
for, lack of linkages to individual perceptions
and traditional knowledge.
Enablers: user-producer interactions, sustained
relationships, bridging work, creating trust,
building users’ capacity to use climate
information

the use of high-end climate scenarios in adaptation decision-making in
Scotland was assessed to be low, due to insufficient contextualization of
information (Dunn et al., 2017). Use is also assessed in qualitative ways,
providing insight in how and to what end it is used (Skelton et al., 2019;
Van der Molen et al., 2020). Additionally, usability as perceived by
engaged stakeholders is assessed. Tang and Dessai (2012), for example,
found that national climate projections were perceived as a credible and
legitimate of climate change information but were not perceived as
salient to support adaptation decision-making.
Other papers in this theme focus on the results that follow from using
a service such as changes in awareness and behavior, enabling social
learning, policy outcomes, and actions on the ground. Sheppard et al
(2013), for example, show how climate visualizations in participatory
planning increased communities’ awareness and supported them in
formulating sustainable actions. Some studies point to differences in the
chain of results and find that the services, while being of good quality or
being able to increase awareness, are not sufficient to support action on
the ground (e.g. see Pilli-Sihvola et al., 2015). Finally, few papers focus
on the quality of services for actually supporting adaptation. Mitchell et
al (2016), for example, evaluate the quality of adaptation databases for
supporting adaptation action.
About 13 % of the publications identify user needs and preferences for
the climate service in question. These publications often focus on
identifying relevant climate variables and impacts for decisions and/or
the preferred information communication format and channels for de
livery. Some studies in this theme also look further than information
needs only, specifying needs related to information navigation, different

Promises, limitations and challenges
A small share of publications discusses promises, limitations and
challenges related to successful climate services in general (9 %). Some
papers focus specifically on business models (2 %) and discuss the limi
tations of commercially produced services. Competition in commercial
business models, for example, come at the expense of good collaborative
relationships in climate service development (Webber, 2017). Various
other promises, limitations and challenges are discussed (7 %), such as the
finding that context is a key determinant for the success for climate
services, hindering replication of success across contexts (Parris et al.,
2016), and the growing need for more solutions-oriented support for
adaptation placed in a wider context of societal transformation to deal
with high-end climate change (David Tabara et al., 2017).
Discussion and ways forward
Where insights on successful climate services come from
By mapping the scientific publications on successful climate services
we observed three main trends. First, insights on success mostly come
from developed and western countries and focus on developing services
for governmental actors, while there is limited evidence from parts of
Africa, Southern America and Asia, and for private actors. This finding is
consistent with other systematic reviews of scientific literature in the
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field of climate change adaptation (e.g. see Berrang-Ford et al., 2021).
The wide presence of publications from Northwestern Europe and
Northern America could be explained with investments in these regions
to set up climate service infrastructures and markets, such as the Euro
pean push for a climate services market (Cortekar et al., 2017; Hewitt
et al., 2021), and well-established knowledge networks in the U.S. (Ja
cobs and Street, 2020). Moreover, climate services in developing
countries may be more focused on dealing with the immediate climate
impacts. In the screening stages of this study, many papers focusing on
successful short-term services were excluded, as they were beyond the
scope of this study. These papers for example focused on the evaluation
of seasonal forecasts for farmers in Africa (e.g. see Tall et al., 2018).
Second, more than half of the publications remain rather general
regarding the climate service type they study and the context in which it
is applied. It is remarkable that less than a third of the publications
specifically focus on long-term time horizons. Limited studies in this
area could have to do with difficulties in identifying how long-term
climate information impact decision-making on the ground (Singh
et al., 2018). And third, insights from the studies in this map mostly rely
upon findings from single-to-several cases from descriptive or explor
atory research. The limited number of evaluations is further discussed
below.

et al., 2019;de Doria et al., 2009; Tall et al., 2018; Vaughan et al., 2018).
It seems that evaluation is not standard practice in climate service
development and implementation or fails to be reported on in peerreviewed literature as noted by others (Vaughan et al., 2018). Further
more, this study showed that in a mere few publications it is specified
how the service is intended to support the adaptation process, for
example by increasing users’ understanding or supporting them to
design suitable adaptation options. Climate service development could
benefit from predetermining desired processes and outcomes. This does
not only make it possible to perform systematic evaluations, but it also
allows for the monitoring of the development process itself, allowing for
adjustment if necessary.
Advancing our understanding of successful configurations of practices and
factors
While there are multiple ideas on when services are a success and
how success is determined, literature agrees on the importance of
context and the configurational nature of success: different processes
and service types may work well in certain contexts but are less suc
cessful in others. It is in this area where we need to synthesize and
expand our knowledge to advance our understanding of climate service
success. Synthesizing the evidence and debates reviewed in this study,
four broad interrelated elements appear central in analyzing, explaining
and evaluating climate services success: the service itself, the production
processes, the use processes and the context in which information is used
and produced, see Fig. 5. The elements are further discussed in the next
sections. This synthesis may support future research and climate service
projects to clarify their position towards success by describing the pro
cesses and products under study, the chain of results they are investi
gating, the factors that are researched, and the perspective they take
towards success.

Insights on success are scattered
This study shows that the insights on climate service success are rich
but also scattered. The various perspectives taken towards both climate
services and success result in the study of different and sometimes
overlapping objects, processes and levels. Some papers, for example,
focus on a specific climate service development project, investigating
individual user-producer relations for increasing perceived usability.
Others focus on the climate services as being part of a wider knowledge
infrastructure, especially where success may manifest in well-aligned
processes, networks and advancements in scientific research. Another
contrast is found in the scope and goals of climate services. Some ser
vices are (or are developed close to) the actual knowledge production
process (“developing usable science”), while others build on existing
science and translate it to a decision-making context. This difference is
also reflected in how the services are evaluated, focusing primarily on
the utility for users or taking a broader perspective to also include an
assessment from the scientific community.

Production processes
Production processes are the processes by which the service is pro
duced and is often discussed as an important factor for success. These
processes may be influenced by those engaged and the science and data
that is available. Successful production processes may be characterized
by brokering functions, interactions between users and producers, and a
flexible and iterative development process. The brokering functions
include those introduced by Cash et al (2006), and require knowledge
able actors and good process facilitators.
User-producer interactions are argued to be necessary for developing
something that is potentially usable. Such interactions may support
developing trust and mutual understanding and thus building capacity
of producers to develop services that are sensitive to the user context, as
well as building capacity and willingness on the users’ side to use and
apply climate information. However, these interactions do not auto
matically lead to better results, they may require a careful selection of
who to engage, and subsequently, a reflection and agreement on ex
pectations, responsibilities, and forms of cooperation (e.g.see Allen and
Stephens, 2016; Hegger et al., 2012). User-producer relationships are
also needed to facilitate the sharing and integration of data, information
and knowledge beyond climate data, both on project level and with
larger climate infrastructure (e.g. see Giuliani et al., 2017).
Still, whether and to what extent different forms of interactions lead
to better results may differ from situation to situation. Additionally, to
deal with high transaction costs of user-producer interactions and in
crease reach, collaboration between organizations (or: boundary chains)
and communities of practice may create synergies and leverage com
plementary resources.
Success of production processes can be evaluated by assessing the
quality of the process. For example, by inquiring the perceptions of some
or all engaged stakeholders on the process. Another way is to use more
objective criteria of what constitutes a ‘good’ process (e.g. see Bremer
et al., 2019; Hegger et al., 2012; Vincent et al., 2018a,b). In addition, the

The success of climate services: Often discussed, rarely defined and
evaluated
Climate service literature is replete with ideas and investigations on
‘good practices’ for climate service production and use. The importance
of interactions between users and producers and brokering organiza
tions in relation to success are often discussed. What constitutes success,
however, is rarely defined. Implicitly, many possible dimensions of
success come to surface in this study, including user satisfaction, uptake,
comprehension, integration of information in decision-making, infor
mation quality, quality of the (co–)production process, and the quality
of relationships between producers and users. However, when such di
mensions are sufficiently met is often not well defined.
Furthermore, the success of climate services is poorly evaluated, also
observed by other authors (Vaughan et al., 2019). There is a lack of
systematic evaluations using clearly described methods and evaluation
criteria. If success is evaluated, such evaluation focusses mostly on direct
outputs such as usability or uptake. This means that empirical evidence
for the practices and mechanisms contributing to success is limited.
Reasons for limited evaluation have been documented and include fac
tors such as ambiguous terminology and definitions, lack of resources for
dedicated evaluation efforts, the need for longer time scales to account
for the stochastic nature of climate, and contrasting views on metrics to
evaluate adaptation efforts across actors, space and time (e.g. see Dilling
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Fig. 5. Synthesis of evidence to demonstrate how practices and factors shape successful climate services.

production processes may lead to various results that can be more suc
cessful or less successful. Examples of successful outcomes include the
development of new research questions and increased trust and mutual
understanding between users and producers.

wider context of sustainability and development to support actual action
(e.g. see David Tabara et al., 2017; de Koning et al., 2014; Rasmussen
et al., 2017). Information fit notes a high dependance on user charac
teristics and the decision-making context. Climate service development
may therefore start with identifying user needs and understanding their
context. However, this does not necessarily mean that users can artic
ulate their needs for usable services clearly in advance (e.g. see Blades
et al., 2016).
Criteria for evaluation of climate services include the usability as
perceived by users, criteria indicating the potential decision-quality
following from using the service (e.g. assessing user comprehension),
and more general criteria for decision-support (e.g. accessibility or ease
of use). Notably, perceived usability is seen as a predictor for uptake and
application, but climate services may also be evaluated from the
perspective of producers, investigation their perceptions on usability
and quality, or by using scientific quality assurance criteria to evaluate
the service.

Use processes
Use processes are the processes by which the service is used. In line
with the concept of knowledge utilization, use is understood here as a
process in which information is picked-up, processed and applied or not
applied in a problem-solving setting (Rich, 1997). The way in which
information is used is not uniform. Different types of information are not
equally important to problem-solving (ibid). Various typologies have
been suggested to characterize ‘use’ in this study (Skelton et al., 2019;
Van der Molen et al., 2020). Use may be influenced by the production
processes and the (perceived) fit of the service for the user and their
context. The success of the use processes can be evaluated, for example,
by counting the numbers of users, evaluating the influence the service
had on decisions or ways of thinking, and evaluating the quality of the
actual decisions that followed from the using the service.
Contextual factors are especially important here. After all, whether
information leads to action depends on more factors than information
alone; bringing about change in attitudes, cognition, behavior or prac
tices is strongly influenced by, for example, political, organizational and
cognitive factors, the availability of resources, and timing (e.g. see
Runhaar et al., 2018). In most cases, it is therefore impossible to identify
direct cause-effect relations between information inputs and adaptation
action. Rather, information can be understood as having an influence
towards an end.

Context
Context comprises of the contextual factors that may influence the
production and use processes, and the services that are being developed,
as well as the results that follow from producing and/or using the ser
vice. The influence of context is often argued to be critical, and makes
replication of success across contexts challenging (Parris et al., 2016).
Contextual factors exist on individual, organizational and institu
tional levels, and are often interrelated (e.g. see Flagg and Kirchhoff,
2018). Whether climate services are perceived as usable and taken up is
influenced by, for example, a users’ risk perception and climate literacy
as well as the prevailing cultures, financial resources, technical capac
ities, and methods of decision-making within a user’s organization.
These factors regard how climate services interplay with existing ways of
using knowledge (Lemos et al., 2012). Furthermore, the availability of
an organization’s resources, condition the capacity to use climate ser
vices. This means that depending on individual and organizational
conditions, considerable costs can be associated with the uptake and
application of climate services. On an institutional level, it is about the
political, scientific, market, and regulatory institutions in place, as well
as the interactions and mechanisms between them. Policy incentives for
adaptation action, for example, may push the demand for climate ser
vices (e.g. see Cavelier et al., 2017).
Contextual factors also influence how and what climate services are
produced. Again, individual characteristics and capacities of the pro
ducers and engaged users play a role. Furthermore, what data and
knowledge is available, as well as the supporting climate service in
frastructures, may determine the extent to which relevant and down
scaled climate information can be produced (e.g. see Singh et al., 2018).

Climate service
Climate service refers to both the product, and the processes of
communication and dissemination associated with a climate service.
This element can be characterized by its information and knowledge (e.
g. climate variables, adaptation options), format (e.g. tool, visualiza
tion), intended use (e.g. increasing awareness or supporting specific
decisions), delivery method (online, workshop setting, radio) and the
interactions associated with communication and dissemination (e.g.
helpdesk, workshop interactions). The service product characteristics
and processes may be influenced by the production processes and the
use for which it is intended.
The content and design of a climate service is often discussed in
relation to success. Services may be especially successful if the climate
service characteristics fit the users’ decision-making factors and pro
cesses (Lemos et al., 2012). Insufficient contextualization and tailoring
of climate information is mentioned as inhibiting success. Moreover,
different stages of adaptation planning may be supported with specific
climate service design elements. For example using the power of visu
alizations for increasing awareness (e.g. see Sheppard et al., 2013), and
developing more-solutions oriented services that place adaptation in a
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Directions for future research

more on dealing with immediate climate impacts.

To progress insights on climate service success, success should be
clearly defined and critical factors determining success need to be
further explored. Depending on the perspective taken and the chain of
results that are regarded, this study highlighted that climate service
success can be evaluated along multiple dimensions. To advance the
evaluation of climate services we suggest to draw from more established
fields of evaluation practice and explore how such approaches could be
applied to the dimensions of climate services, including by defining a
theory of change for the climate service and specifying the chain of re
sults often including the expected inputs, activities, outputs outcomes
and impacts (see for example Kusters et al., 2017). Some of the papers
included in this study have used or suggest to use this approach (see
Brooks, 2013; Colavito et al., 2019). Another relevant strand of litera
ture is around Realist Evaluation (Pawson and Tilley, 1997). This
approach aims to understand what works, for whom and under what
conditions by unraveling the mechanisms that produce outcomes in a
given context.
Our results also show that future studies could be more explicit and
transparent in explaining who is evaluating? and who’s goals are evalu
ated? (Moser, 2009) to allow for more refined assessment of successful
climate services. In a recent paper, Bremer et al (2021), developed and
applied an assessment tool in which actors with various roles associated
with a climate service (e.g. scientist, policy-maker, public interest group,
funder) negotiate on the most important quality criteria for evaluating
the service. The authors offer an interesting approach for evaluating
climate services from different perspectives.
Next, while many contributive and hindering practices, servicerelated factors, and contextual factors have been identified, there is a
need to identify which configurations lead to success. In this it may be
especially interesting to differentiate between dimensions of success and
study the extent to which different factors influence different success
dimensions. Research could address questions like: Are the same factors
relevant for perceived usability as for the actual uptake and integration
of services in decision-making? Are specific climate service design ele
ments more supportive for different phases of adaptation planning (e.g.
understanding the problem versus designing adaptation options) and
forms of decision-making (e.g. participatory versus technocratic) than
others? Another area of interest is to better understand the costs that are
associated with the successful production and use successful climate
services; especially in contexts with many barriers, large investments
may be required to enable successful climate services. Assumptions on
factors determining success could be tested in experiments and studies
that include a larger set of climate service cases, such as in qualitative
comparative analysis (Rihoux, 2003). Furthermore, to learn from single
case studies, we suggest that critical elements such as contextual factors,
production and use processes and service characteristics are well
reported.
Furthermore, this study finds that the focus is often on intermediate
success variables such as access, use and perceived usability, and less on
the resulting outcomes and impacts in the area of adaptation decisions.
Evidently, there are considerable challenges with evaluating longerterm outcomes and impacts and attributing these to climate services.
Still, publications hardly discuss whether services may potentially
contribute to “good” or “better” decisions.
Finally, this study shows that insights on the success and success
factors of services are often not specific for long-term information and
decisions, and mostly come from western and developed countries.
Future research could investigate which conditions are especially
important for the uptake, usability and integration of services aiming to
support long-term time horizons. Another area of interest could be to
investigate how climate services for different time scales can comple
ment each other to take decisions that are supportive in both shorter and
longer time frames (see also Singh et al., 2018). This may also be
particularly relevant for developing contexts, where the focus may be
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