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Developing usable climate information requires a profound understanding of the context in which
information is expected to be used. However, revealing how contexts shape the use of climate
information is a cumbersome task. Against this, we propose an alternative approachwhich focuses on
understanding how prospect climate information users construct evaluative criteria to assess the use
of climate information for planning and policy making.
Based on empirical observations stemming from three local governments, our research suggests that
evaluative criteria respond to the same set of formal and informal normative frameworks that orient the
performance of work. These normative frameworks define what counts as legitimate and desirable
action. Such frameworks operate through dominant institutional narratives that shape how climate
risks are interpreted, what knowledge is considered credible, and which practices are seen as
appropriate. As a result, certain uses of climate information appear natural and legitimate, while others
remain difficult to pursue. Connecting climate information usewith political, strategic, and operational
agendas is critical for its uptake, as decisions about the use of climate information often involve
balancing what is politically acceptable, technically feasible, and strategically desirable. These
dynamics underscore that the use of climate information does not only depend on information
attributes, but it also largely depends on the social processes that allign information with norms and
narratives. We argue that a more profound understanding of how assessment criteria are constructed
canoffer valuable insights into howprospective climate information users learn, exchange knowledge,
collaborate and develop trust in climate information, which are integral components for the successful
development of climate services

Climate information (“information about past, present and future climate
conditions… and the resultant implications on development, people’s liveli-
hoods and the environment”)1 is widely recognised as essential formunicipal
decision-making andurban governance2. Yet, despite decades of investment
inmonitoring,modelling, and dissemination, actual uptake in planning and
policy remains limited3. Access alone does not translate into use4,5. This
paradox—high availability but low utilisation—frames the central problem
addressed in this article.

A large body ofwork has explainedwhy climate information is difficult
to integrate into routine municipal processes. Cash6 highlighted early on
that climate information brings distinct complexities and caveats: uncer-
tainty in data and projections; temporal horizons that donotmatch political
or budgeting cycles; spatial resolutions that do not coincide with adminis-
trative boundaries; and interdependencies among risks that complicate
evaluation. Subsequent studies have elaborated additional barriers, includ-
ing entrenched political interests, immediate contingencies and agendas,
personal and organisational experience, historical legacies, educational
backgrounds, social and economic contexts, and contested framings of risk
and solutions7–21. Collectively, this literature suggests that using climate

information is an outcome of social, organisational, and political processes
that structure how information is judged and mobilised.

In response, climate service producers have emphasised that climate
science must be produced with the explicit end goal of being used by
society22. This orientation has led to strong emphasis on user-centred
design, engagement with end-user needs23, ensuring comprehensibility for
intended recipients16,24, and deep attention to decision contexts10,20,25–29.
User-need assessments consistently show heterogeneous priorities, imply-
ing that stakeholder groups value and evaluate climate information
differently30,31,.

Whilst the climate-services literature has delivered important insights
into enablers and barriers influencing the use of climate information, it has
largely overlooked how local stakeholders assess the contribution of climate
information, and how evaluative criteria are established, contested, and
stabilised in practice. We argue that more profound understanding of how
assessment criteria are constructed can illuminate the processes through
which prospective users learn, exchange knowledge, collaborate, and
develop trust in climate information—processes that are integral to the
development of usable climate services31,32.
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Guided by this perspective, we ask: How do practitioners in local
governments assess the contribution of climate information for planning,
decision-making, and policy development? How are criteria justified or
made legitimate? These questions underpin two goals. First, we seek to
understand how practitioners’ perspectives and judgements about the value
of climate information are constituted within normative professional con-
texts. Second, we examine how particular criteria become established and
shape outcomes in the use of climate information and services. We address
these questions empirically in three local governments—Bilbao, San
Sebastián, and Copenhagen—where climate information was used for risk
estimation, policy design, communication, and project definition. In this
study, we highlight the tension between long-term climate projections and
the short-term municipal cycles of budgeting, procurement, and service
delivery—where decisions about what is considered useful and usable are
largely shaped by concerns of feasibility and legitimacy within political and
operational arenas.

We draw on Practice theories to examine the normative foundations
that shape judgment about the use of climate information. For Schatzki33,
practices represent “nexuses of human activity, open-ended sets of doings
and sayings organised by understandings, rules, and teleoaffectivities”. In
essence, practices are activities that followprescription, e.g., in a professional
context practices are enacted following general expectations of how work
should be done34. Professional contexts are normative: they follow their own
set of implicit and explicit rules and meanings that orient what people
consider appropriate, legitimate and valid, thereby providing the guidelines
for assessing what is correct or incorrect (ibid).

Revealing what people actually do under prescriptive orientations is a
central aspect of the study of practices33. The role of normativity in stabi-
lising practices, particularly the tension between rule-following and inter-
pretation, has long been debated in Practice theory. Wittgenstein35 argued
that rules are not self-interpreting and may be followed in divergent ways.
Giddens36 viewed rules as codified interpretations, while Schatzki37

emphasised that their applicability and meaning are always actor-
interpreted. Interpretation, as Heidegger38 noted, presupposes background
competence—a profound understanding expressed in practice39.

Schatzki’s conception of practices is strong in emphasising human
agency in the interpretation of rules. Our perspective posits that the use of
climate information will be oriented by established norms and principles
guiding professional practice. However, within this normative framework,
individuals retain a degree of flexibility, as their agency is exercised through
the interpretationandapplicationof these rules.Othershave alreadynoticed
that planning for adaptation (where using climate information is an aspect
of it) often requires challenging or reconfiguring norms that structure
decision contexts40–42.

The valuation of something (in this case, climate information) is
attributed and assessed collectively, involving negotiation, agreement on
criteria, and consensus-building under conditions of ambiguity43,44. For us,
the establishment of criteria for assessing climate-information use is a socio-
cultural process—a site of tension and ongoing re-enactment45.

Building on this framework, we analyzed the data collected in three
case studies using a Social Orders schema. Social Orders are “the nexuses
that keep things hanging together in society… the arrangements… through
and amid which social life transpires”33 (p. 22). They consist of arrange-
ments—layouts of entities (human,materials) positionedrelationally,where
meaning and identity define interconnections—and positions, which are
relational rather than spatial, reflecting how entities fit within ongoing
practices. These positions evolve through interactions, making social life
dynamic and contingent.

In designing the Social Orders schema, our aim was to uncover the
interests, priorities, and concerns shaping professional activities and judg-
ments about climate-information use in planning and decision-making.

Methods
The Methods section draws extensively on text published in the main
author’s doctoral thesis46. Our methodology follows a qualitative approach

based on in-depth analysis of case studies through interviews in three cases:
the cities ofBilbao, SanSebastian, andCopenhagen.The selectionof the case
studieswas guided by their participation in ongoing projects1 focused on the
development and application of climate information in urban decision-
making. These initiatives provided a context in whichmunicipal actors had
already engaged with climate data, information, tools, and services, making
the cities particularly relevant for examining how climate information is
interpreted and used in policy and planning processes.

Our case selection, therefore, follows a purposive strategy aimed at
studying contexts where the interaction between climate information and
urban governance could be observed in practice. The selected cities had
accumulated several years of engagementwith climate information through
project-based collaborations between researchers, climate service providers,
and municipal administrations. This allowed us to investigate how such
information is integrated into local decision-making processes.

Literature review
Literature for this research was identified through targeted searches inWeb
of Science, Scopus, and Google Scholar using combinations of keywords
including “use of science in policy,” “climate information usability,”
“science–policy interface,” and “urban climate change.” The search focused
on studies examining how scientific knowledge is interpreted and used in
climate governance and urban adaptation contexts. Publications were
included if they addressed interactions between climate information and
decision-making processes in policy or planning settings. The initial corpus
of literature was subsequently expanded through backward and forward
snowballing from key articles, as well as through relevant publications
identified through prior research and participation in academic and prac-
titioner workshops focused on climate services and urban climate
governance.

Prior to fieldwork, secondary sources—including climate data, adap-
tation plans, legal decrees, and other relevant documents—were analyzed
(see Supplementary Tables 2 and 3). From the literature review, theoretical
themes were organized into 23 thematic areas (Supplementary Table 4),
which informed the development of theoretical codes for labeling key
aspects in the reviewed material. These thematic areas were then translated
into broad questions for semi-structured interviews, ensuring alignment
with theoretical foundations. Each question was linked to its theoretical
basis and tracked inExcel tomaintain transparency and support subsequent
analysis. During fieldwork, this framework guided the interview process.

Data collection
We conducted 34 qualitative, semi-structured interviews between 2018 and
2019 with municipal officials responsible for planning, sustainability, and
crisis management, as well as researchers, meteorological office staff, con-
sultants, and one NGO. These stakeholders were selected for their roles in
providing, translating, and communicating climate information (see Sup-
plementary Table 1 and Supplementary Figs. 1 and 2). Interviews, lasting
90–120min, were guided by 15 thematic questions designed to elicit
reflections onpractices anddecision-making related to climate information.

Contact to interviewees was established through prior project invol-
vement and expanded via snowball sampling. Exhaustion point (redun-
dancy in interviewees' answers) was reached after approximately five
interviews in each city. Multiple stakeholders were interviewed tominimize
bias, and no significant contradictions emerged.

Data analysis
Interviews were transcribed and analysed using in-vivo coding47, which
foregrounds participants’ own language and aids in identifying recurrent
themes and boundaries48. We linked the initially designed theoretical codes
(Supplementary Table 4) to different sections of the transcribed interviews.
Coding delineated municipal officials’ activities and their interconnections.
As new topics emerged from the interviews, new codes were created. The
final list of codes listed in Supplementary Table 4 was compared to existing
literature to situate findings within a broader theoretical context49.
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We analysed the data using a Social Orders framework, pre-defined in
the conceptual framework. Guided by this approach, we systematically
reviewed all data segments to identify activities revealing actor relationships
and actions related to climate information use. Segments were coded using
three Social Orders variables: arrangements, strategies, and positions.

Actorswere characterised by how they established agreements to using
climate information. The schema draws on Corbin and Strauss34 and
comprised three variables:

• Arrangements: The agreements established to reach specific outcomes
related to the performance of work, and have to do with the use of
resources, technologies, time, etc. These arrangements “are always
temporary and subject to re-negotiation”34 (p. 13).

• The strategies of interaction by which arrangements in the planning
and decision-making context are made. Strategies emerge “previous
the work starts and during the arrangement-making process” (ibid)

• Position refers to the stance assumed by each participant toward both
the work and the process of working things out33. It reflects an actor’s
perception and influence within the arrangements being made. In our
framework, we focus on the position each actor assumes regarding the
use of climate information in urban planning and their perceived
capacity to shape decision-making processes.

After developing the Social Orders scheme, we identified three rela-
tional dynamics connecting social relations, as described by Schatzki33:
causality, spatiality, and prefiguration.

It is important to notice, however, that in Schatzki’s Social Orders
Scheme, a fourth relational dynamic—intentionality—is discussed alongside
causality, spatiality, andprefiguration.While actors’ intentions to steer theuse
of climate informationwere evident inprinciple, the interviewdata referred to
intentionality in very general terms. This made it difficult to isolate specific
intentions from other relational dynamics and to link them concretely to
observed practices. As a result, intentionality remained too opaque for sys-
tematic analysis. Therefore, we decided to focus on the other three relations
(causality, spatiality, and prefiguration), which provided more explicit and
detailed accounts of how persuasion and other efforts unfolded in practice.

• Causal relations occur when one entity’s actions or experiences influ-
ence another’s response.

• Spatiality highlights that entities occupy physical and relational posi-
tions within arrangements, with activities distributed, sequenced, and
nested in space.

• Finally, prefiguration refers to how the current state of social affairs
constrains and enables future activity.

Social Order Schemes were generated for each city individually to
capture the context-specific evaluative criteria shaping the use of climate
information.

We report on our findings supported by quotations from our inter-
views, which are coded respectively indicating city, actor and interview line
(e.g. B (for Bilbao) A (first interview) 41 (line of interview in the
transcription)).

Next, the Results section draws substantially on the primary author’s
doctoral dissertation46. All quotations presented therein are verbatim
transcriptions of interviews conducted in relation to the three cities exam-
ined in this study46.

Results
Bilbao, the regenerated city
As field work was undertaken, Bilbao was revising and updating its
territorial planning instruments and appraising opportunities to inte-
grate climate information into their territorial planning instruments:
e.g., identifying areas prone to be affected by urban heat islands, floods,
sea-level rise and drought; as well as discussing the promotion of green
infrastructure.

In 1990, Bilbao underwent a major urban transformation aimed at
revitalising anddecontaminating large industrialwastelands andbrownfield
sites (areas heavily polluted with chemicals which were spread throughout
the bay during flood events). The transformation was widely regarded as a
success in terms of urban planning and execution, and it thereby became a
dominant narrative within the municipality that has shaped its principles
and values guiding urban development ever since.

• “… with the transformation …. an identity is generated, with certain
values that shape urban planning dynamics, growth style…. it is a brand
…. and you have to know how to follow that brand…” (GC2).

Theprofound impactof the1983flood—aone-in-500-year event—has
become embedded in the collective memory of Bilbaínos (BC44), reinfor-
cing a persistent focus on flooding in urban risk management. Discourses
play a pivotal role in shaping risk perception, as they delineate the repertoire
of “ideas, concepts and categories through which meaning is given to social
and physical phenomena”50. However, entrenched risk discourses in Bilbao
have led to climate change being conceptualised almost exclusively through
the lens of flooding.

• “The results of the (climate change) vulnerability analysis were not
surprising because… it was based on the risks offloods… there is enough
culture here… the areas flooded and the risks are already known and
emerge almost without work, because the same sites are being flooded
every day, so it’s pretty obvious…” (BB42).

However, the prominence of large floods in the collective memory of
Bilbao’s residents tends to overshadow other hazards, such as heatwaves,
which often remain unacknowledged, unattended, or excluded from pro-
blem framings (BC46-47, BB22).

• “The (urban) heat island effect is less integrated in our thinking as
planners and decision-makers… we are not Seville either…while floods
are clearly part of our collective memory” (BB105).

Regarding evaluative criteria, official criteria in Bilbao suggest that
urban planning operates under a strict legal framework, yet the absence of
specific guidelines for the use of climate information creates a norma-
tive gap.

• “While at the European level several Directives consider climate change
adaptation, given that these have not yet been made official, they are
hardly usable” (BB14); “While we have heat maps for the city, these are
not normative, so we are not obliged to consider them.” (BB62).

The prevailing paradigm within Bilbao’s administration is the per-
ception that official mandates possess determinative authority and con-
stitute the exclusive framework through which municipal activities are
organised.

• “We don’t do more than what URA (Water Agency) or other agencies
indicate: raise the flood-protection wall, open a canal to let water flow
through, etc. … it is all official and that is what we can do and
do” (BB50).

Official mandates clarify roles but can also constrain action, and their
interpretation varies. While technical standards leave little ambiguity, they
evolve with practice and policy windows. Rules may guide action yet lack
enforcement, making compliance optional. Hence, understanding how
interpretation shapes application is crucial.

Regarding the unofficial criteria emerging from this context, our
research identified two dominating norms framing evaluative criteria for
using climate information:

Norm 1. Requests for incremental and gradual change are accepted.
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Strategy: Persuasion within limits. In Bilbao, compliance with work
norms depends on formal obligations; without specific rules for using cli-
mate information, usability relies on experience-based competences. Pro-
gress under restrictive mandates involves blending norms with practical
knowledge—adhering towork rhythms and avoiding rhythmic disruptions,
progressing gradually, and negotiating intermediate goals.

• “We are holding each other at our rhythms…” (BA71); “… what is
expected is to be able to solve things little by little” (BC8); “…as long aswe
can within our capacity” (BA71); “… small steps are being taken, which
have emerged little by little…” (BB18).

Following this norm, urban heat island studies were integrated into the
UrbanGeneral Plan through incremental steps, enabling inclusion inofficial
risk maps without disturbing existing procedures.

• “… the heat islandareas are not official, but (the directors) have accepted
them because…. they were only two areas…” (BB70). “These are pilot
cases to see how farwe can go…” (BB19). “…we have included a series of
things that represent a small step within the city council” (BB81).

Norm 2. Work in line with existing methodologies:
Strategy: Linking climate risk with existing indicator system. Bilbao

applies what resembles disclosure-based transparency policies (transpar-
ently reflecting progress)51. Here, using indicators provide useful means to
deliver accountability and for communication, narrative building, and
process standardization—making them a promising mechanism for oper-
ationalizing climate information.

• “… (we want to) … create indicators that allow data to be taken
automatically without too much effort” (BC7); “…our “daily war” is

about the indicators that we have the capacity to act as a munici-
pality…” (BC37)” “…if (climate information) supports our indicators,
then we can use it…” (BA111).

The Social Orders schema developed for Bilbao examines how climate
information comes tobeused through the actions of specific actorswho seek
to demonstrate its added value and mobilise support through concrete
initiatives. Figure 1 depicts actor relationships in terms of causality, spati-
ality, and prefiguration. The schema highlights the dominant influence of
political authorities, represented as the primary source of causal and pre-
figurative relations shapingmunicipal action. This configuration reflects the
requirement formunicipal departments to align their activitieswith political
priorities.At the same time, neighbours are shown to exert influenceonboth
political authorities and municipal departments, underscoring the impor-
tance of citizen acceptability in urban climate policy. Relations of spatiality
—connecting activities across departments—are evident only among
municipal actors and are led by the Environmental Department, which
seeks to establish collaboration to embed sustainability criteria within
projects developed by Urban Planning, Public Works, and Bilbao TIC.

San Sebastián: articulating efforts, policies, and cross-
sectoral policy coherence
San Sebastián is recognised as one of Europe’s most active cities in sus-
tainability, with a strong coastal identity shaped by activities such as surfing
and sailing. Climate risk is primarily water-related, focusing on Urumea
River flooding, sea-level rise, and severe storms (“Galernas”) affecting
beaches.The city integrated climate considerations into itsPartialTerritorial
Plan (PTP), expanding flood-prone zones to curb urban sprawl in line with
the guidelines provided by the Water Agency (URA). A key milestone
occurred in 2014 when San Sebastián committed to the EU Covenant of
Mayors, requiring an adaptation plan. In 2017, the city adopted its Climate

Fig. 1 | Social orders and relationships. Details of relational dynamics between entities (causality, spatiality, and prefiguration) can be found in Supplementary Tables
5, 6 and 7.
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Change Adaptation Plan and Vulnerability Assessment, aiming to establish
aCommunity of Practice (CoP)—a cross-departmental structure to support
implementation. All climate-related actions, including mitigation and
adaptation, are coordinatedunder theKlima2050Strategy,whichsets out 31
adaptation measures to be achieved by 2050.

San Sebastian’s evaluative criteria are explored in the context of par-
ticipation in the community of practice to implement Klima2050. Suc-
cessfully executing Klima2050 requires resolving policy contradictions,
aligning various urban plans, and ensuring that cross-sectoral collaboration
is not hindered by conflicting departmental functions or overlapping
responsibilities.

Regarding the official evaluative criteria, political authorities have
endorsed the use of climate information, but agreements on its application
are negotiated at the technical level, with each municipal department
determining how climate information informs decisions. Administrative
competencies are central to implementing Klima2050 since they shape how
priorities are established, determining what is considered important and
where attention is focused, based on sector, functions, and responsibilities.

• “…. water issues… ismore the responsibility of theDepartment ofUrban
Services andMaintenance.We can give our opinion, but the execution is
not ours…” (DA6)

• “…Climate projections do not influence investments… upgrading T10
and T25 years… does not happen, because the investments are made in
large things such as changing damaged water collectors… the useful life
of a collector is 100 years more or less… a parameter of 100 years is used
so every 100 years we make it all new” (DC22-23).

In turn, the unofficial criteria suggest that although Klima2050 is an
official mandate, it does not automatically harmonize the diverse compe-
tencies within municipal services. Efforts to align departmental adminis-
trative responsibilities under a unified framework can provoke conflict, as
such measures may be perceived as encroachment on other departments’
domains.

• “…there are always other departments that are more difficult to work
with…. they see that our collaboration (implies)morework to themand
see that the work is more of supervision than of co-creation and they
don’t like that…” (DE29).

Allocating tasks and responsibilities based on strategic assessments of
departmental competencies and expertise is one way to overcome con-
flicts (DE15).

• “… this depended a lot on the pertinent administrations of each
department, so we analysed the organization chart and evaluatedwhich
departments could be involved…” (DE15).

• “In the adaptation commission, we were invited because we handle the
basic information of the city…” (DD28).

The results showed that many technical, resource, and administrative
requirements for Klima2050 were already part of routine departmental
work. Where additional needs arose, such as new studies or assessments,
extra budgets were allocated for outsourcing (DE17).

Collaboration built also on prior sustainability initiatives, such as
Agenda21 (DE7), which had already establishedmutual understanding and
shared norms for effective cooperation.

• “… the water agenda, comes fromAgenda 21, andwe alreadymeet once
a year to discuss (with) the Water Agency… we have other shared
projects… then that collaboration is already taking place…” (DE11).

Fournorms that enabled reaching a commonorientation to implement
Klima2050.

Norm 1. Follow the leaders. Wenger52 maintains that a common
orientation is central to building Communities of Practice (CoPs), and a
common orientation rests on shared sources of coherence.

Strategy: Leading cities like Copenhagen, Vancouver, and Toronto
were considered benchmarks for climate action. Their successful initiatives,
such as green roof ordinances and community engagement, alignedwith the
goals outlined in the Klima2050 strategy. These cities provide a tangible
example of the resources and expertise needed to achieve similar goals,
providing a normative corpus that guided expectations of urban develop-
ment in general, and the goals of Klima2050 more specifically.

• “…Copenhagen has solved many problems, they have a very interesting
plan… they are the benchmark… Vancouver and Toronto have the
whole theme of green roofs, they have an ordinance… they do it very
well…” (DE60). “… Copenhagen has an outstanding economic
approach; here it would be more difficult to promote it…. I think there
are cultural differences… we are not at that point…” (DE61).

Norm 2. Mutual trust is the base for coordination.
Strategy: Since the CoP bestows departments with the full ownership

and responsibility over project implementation (DD28-29; DA5), the
principle of “managing with flexibility and pragmatism” becomes promi-
nent to highlighting respect for the attributions, functions, experience and
expertise of other departments. Normative criteria are built around the trust
that responds to the perceived procedural and technical saliency displayed
by the departments’ expertise, and which is acknowledged as the best way
possible of doing things.

• “The planwas discussed very openly… so, the result ismixed… it is a set
of (collective visions) of several departments and people… urgent actions
…. are prioritized… concrete planning, with times and budgets… It is a
plan that had to respond to a series of requirements from many areas,
departments… internal and external needs…” (DA8).

Awareness of contribution pathways enables participants to recognise
how routine tasks support the collective enterprise, imbuing everyday work
with new significance and clarifying its role in achieving shared goals.

• “The agents identify themselves with that model… then they themselves
in their areas thinkabout how towork, because there is a collective end…
conviction helps… (they are) transformed into active agents… they all
have different influences, some political, others economic, some aremore
reticent…” (DB19).

Norm 3. Weave climate information within accepted methodologies
and professional practices.

Strategy: High temperatures were assessed using health and social
indicators from San Sebastian’s Vulnerability Assessment, such as age,
poverty, and mortality. This approach generated new categories (e.g.,
“elderly” and “living alone” under higher risk) that influence how climate
risk is understood and managed, anchoring the use of climate information
in sectoral knowledge and widely accepted methodologies, enabling
municipal officials to interpret climate challenges through their sectoral
expertise.

Norm 4. Make progress visible.
Strategy: Todemonstrate progress,Klima2050wasdivided into shorter

timeframes with partial goals.

• “… the Project by Project (approach) is super important, because the
general view allows you to raise awareness… when it comes to seeing
results, you have to specify projects … because we all need … concrete
actions…” (DE54); “…The risk study considers the year 2100, but (even)
2050 was already difficult-; … an action plan for 2023 (was created)”
(DE96); “… It is difficult to quantify the costs of the projects… So, (we)…
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integrated budget ranges… fromactionswithno cost to actions that have
a significant cost…” (DE98).

Norm 5. Provide an enabling environment.
To encourage participation, central coordination efforts focused on

clearly communicating the added value of joining the Klima2050 CoP. This
included facilitating additional funding for ongoing projects, identifying
relevant opportunities for departments, and providing access to capacity
building schemes (DE17, DE52).

• “…when it comes to convincing people to participate…. there has to be a
win-win; that is, this has to also help themwith the work they do in their
department….” (DE52).

• “…. for that, we try tofinddifferent…ways offinancing projects that can
benefit … parts of the plan they manage” (DE17); “we are trying to
attractEuropean funding…wehaveparticipatedwithout fundingbutas
beneficiaries… (thus) we get a lot of information that otherwise would
have been expensive…” (DE103-104).

The Social Orders schema for San Sebastián examines how a shared
orientation is constituted within the community of practice. Figure 2 shows
actor relationships in terms of causality, spatiality, and prefiguration,
revealingnodominantpositionamongmunicipal departments and reflecting
the collaborative governance underpinning Klima2050. While the Mayor
plays a decisive role in initiating the programme, its functioning depends on
collective commitment and a division of work based on departmental
expertise. Causal relations are evident where the Environmental Department
requests information from other departments to support implementation,
while the Citizens’ Council demands accountability regarding progress. In
terms of prefiguration, the Environmental Department facilitates imple-
mentation by securing funding and extending departmental networks
through participation in international projects. Spatial relations emerge from
the Environmental Department’s role in coordinating activities and articu-
lating departmental contributions towards achieving Klima2050’s goals.

Copenhagen: integrating long term blue-green urban
planning
In 1990, Copenhagen set a goal to make its harbour swimmable,
requiring major upgrades to meet EU water quality standards. Later,

climate projections warned of heavier rainfall and flood risks, with
potential damages of DKK 16 billion over 100 years. A severe cloudburst
in 2011 caused DKK 6 billion in losses, accelerating action. The city
responded with the Cloudburst Management Plan (CBMP)—a 20-year
programme integrating climate projections and hydrological models to
guide 300 projects focused on green-blue-grey solutions for surface
catchment areas for water treatment and flood control. While this
approach is considered more cost-effective53 and demonstrate
immediate action (CB9), this ambitious initiative demands balancing
financial viability, political priorities, and public expectations while
ensuring effective risk reduction and broader social, environmental, and
economic benefits. Given its high cost and long-term horizon, sustaining
CBMP’s legitimacy is critical: “it will take several decades to implement
the plan even under the most optimistic circumstances, and it remains to
be seen as to whether the political awareness will remain high if the
frequency of extreme precipitation becomes relatively low at some future
point in time”54 (p. 83).

Copenhagen’s CBMP relies on climate projections and hydrological
models to design flood protection against extreme rainfall. In this context,
Copenhagen’s use of climate information is explored through the imple-
mentation of the CBMP.

• “Climate information is important for the plan as a round level… “It
makes sense to use climate information as guidance, but not as the only
thing…You settle dimensions…we do notmake specific calculations in
each project because we do it for the entire (CBMP) plan… our projects
are connected; they are not stand-alone projects” (CA46).
Regarding official evaluative criteria, climate change adaptation in
Denmark is embedded in national laws and strategies53, which
mandate municipal adaptation plans and support sectors such as
water. TheCBMPoperates under a shared governancemodel shaped
by multiple legal obligations, requiring alignment of stakeholder
interests (see Supplementary Fig. 2). While the Adaptation Depart-
mentholds supra-municipal authority forCBMPimplementation, all
projects must comply with environmental standards enforced by the
Environmental Department. Environmental permits are a central
requirement and often determine project feasibility.

• “… handling of rainwater cannot conflict with our environmental
goals…” (CE8); “if you want to use parks in the city which are protected
by law for preservation… you find conflicts against adaptation

Fig. 2 | Social orders and relationships.Details of relational dynamics between entities (causality, spatiality, and prefiguration) can be found in Supplementary Tables 8, 9 and 10.
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projects…” (CE12); “you cannot just… lower the terrain to retain
water…” (CE13).

Implementing the CBMP highlights the need to navigate complex
regulatory frameworks and ensuring that climate adaptation remains legally
compliant and environmentally responsible.

Regarding unofficial criteria, a key challenge in implementing the
CBMP is its novelty, requiring municipal officials to learn through experi-
ence and maintain a solutions-oriented approach. Success depends on
strong collaboration, which is valued culturally for enabling efficient action
and fostering positive interactions.

• “…the (CBMP) plan is a common driver so that we can also start
working together… so when new roads have to be constructed, or new
parks have to be created, we all know that we can coordinate
things…” (CE57).
Collaboration is acknowledged as a requirement for coordinating
resources more efficiently:

• “When you go and see that funding is limited, we have to mainstream
the investment and see the window of opportunity… (if) one month
you dig it all up to put in new pipes and then three months later install
electric installations and then 2 years later we take it all up again
because we need to do something else… so we need to coordi-
nate” (CE53)

Collaboration is central to resolve institutional, legal and technical
barriers and to resolve unexpected problems linked to specific contexts:

• “…for example, the EU (flood directive) says you are not allowed to
intervene in protected areas … So, if you (want to set up) a dike, you
cannot just do it here or there, even though if people are under risk… so
that’s why we keep on meeting up… the city, the utilities, you start
learning things all the time” (CE56).

These observations indicate that implementing the CBMP relies on
both planned collaborations and those that evolve during execution. As a
result, iterative processes—such as trial and error, conflict resolution, pro-
blem-solving, and the design of new procedures—are integral to its
implementation.

Four norms that facilitated implementation of the CBMP.
Norm 1. Value-adding solutions
Strategy: CBMP implementation reframes flood risk into a value-

enhancing asset for the city. Added value has been strongly branded as part
of Copenhagen’s image, and the city brands itself as a frontrunner in urban
innovation, quality of life and economic development.

• “The Copenhagen brand is much about how we have been working… a
double vision of making things attractive… And that is the brand: we
don’t only solve the problem; we also find the opportunity at the same
time. (What) it is called the added benefit” (CA5).

• “… sonot only handlingwater in a concrete basinbut also doing it on the
surface and showing that we added value to greening the city… and the
citizens could see…” (CB20).

Norm 2. “No-regret”
Strategy: The CBMP emphasizes the integration of green solutions,

framing it as an opportunity to enhance liveability while protecting the city
against extreme precipitation.

• “…even without climate change, who would be against having a green
park?” (CA9)

Greening the city enhances also the flexibility for implementing future
upgrades in infrastructure.

• “… (in) areas thatneed todoupgrade… you canbring green into the city,
so you can use climate change as the driver to make amore liveable city,
and instead of just planting a tree, you plant it because it gives shade, is
nice, is cool… people are willing to put money on it” (CE31).
Norm 3. “Never-ever approach”
Strategy: Set clear thresholds -impacts such as those provoked by the
2011 rainfall are not tolerable, they gobeyond an accepted threshold-.
The approach addresses questions of acceptable flood frequency and
water levels, resulting in standards such as allowing sewer discharge
to reach ground level once every 10 years and permitting water levels
to exceed ground level by 10 cm once every 100 years (CE26).
Norm 4. “Caring for everyone”
Strategy: Decision-making under the CBMP balanced financial
estimates with social equity considerations. Because impact
assessments cannot fully capture non-monetary vulnerabilities55,
safety for all citizens was prioritised—even at the cost of over-
investment in some areas. Progress was made visible by aligning
financial sustainability with equity goals -underscoring the
importance of visible, community-level benefits for advancing
climate initiatives-, reinforced through political support and
tangible local improvements.

• Thatwas a political signal…” (CE30); “…what reallymakes (the CBMP)
acceptable… are the local improvements…” (CA10); “… showing that we
added value to greening the city… and the citizens could see it and it
generated great enthusiasm…” (CB20). “…all these things come up and
there is a multi-criteria element behind the decisions (CE57).

The Social Orders schema developed for Copenhagen examines how
climate information is embedded in the implementation of the CBMP. The
causal relations reveal reciprocal dependencies between political, adapta-
tion, and environmental actors in the implementation of the CBMP. The
Adaptation Department supplies salient scientific climate information to
politicians, enabling political buy‑in, while political endorsement authorises
implementation, subject to security and technical requirements. The
Environmental Department further shapes implementation by enforcing
environmental standards, requiring the Adaptation Department to adjust
technical project components accordingly.

Relations of spatiality emphasise the Adaptation Department’s role in
engaging neighbours through the provision of technical expertise and
enabling technologies, thereby supporting their participation in project
design. Relations of prefiguration illustrate howFig. 3 the institutional
context structures action: legal decrees empower the Adaptation Depart-
ment as the lead actor; neighbour endorsement can facilitate or constrain
projects; geo‑data software enables civic participation; and environmental
permitting conditions water‑management strategies.

Discussion
This article argues that the use of climate information rests on evaluative
criteria that are socially constructed. Our argument posits that the uptake
and evaluation of climate information is contingent on the narratives
through which cities understand and present themselves. Municipal iden-
tities, including regeneration narratives (e.g. Bilbao), sustainability orien-
tations (e.g. San Sebastián), and innovation brands (e.g. Copenhagen),
delineate what counts as legitimate, desirable, and actionable practice,
thereby rendering alternative framings challenging to articulate34.

Buildingon the cases ofBilbao, SanSebastián andCopenhagen,wefind
some key recurrent patterns that illuminate how actors assemble evaluative
criteria to assess the use of climate information. In all cases, climate change
planning is a shared concern; however, degrees of commitment vary, shaped
by political priorities, strategic agendas, and operational constraints.

Our observations suggest that evaluative criteria are constituted by
official and unofficial criteria. Official evaluative criteria embody the set of
formal and explicit rules. Unofficial evaluative criteria represent tacit rules
(or patterns of shared expectations and assumptions)56.
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Evaluative criteria become stabilised when judgments about appro-
priate actions are taken for granted, causing debates over their legitimacy to
recede. Across the documented cases, our observations suggest that official
evaluative criteria become stabilised by history (specific events have shaped
the normative context upon which decisions are guided and assessed) and
by its anchoring in legal mandates. Official criteria shape discourses that
articulatewhat counts as good anddesirable practice—Bilbao’s regeneration
narrative, San Sebastián’s sustainability attributes, and Copenhagen’s
innovation brand—rendering departures from the norm nearly unthink-
able. These discourses provide what Gherardi34 calls stabilisation by rheto-
rical closure: narratives and frames specify appropriate practice (e.g.
managing floods following strict standards), thereby establishing para-
meters of success which mediate the use of climate information.

A second stabilisationmechanism links the use of climate information
to well-established technical practice. Here, methodological coherence sta-
bilises practice through methodological closure: the use of climate infor-
mation is anchored in established ways of calculating, planning,
synchronising activities, and applying quality standards. Adhering to the
methodological norm facilitates both assessing the feasibility of using cli-
mate information and identifying how climate information becomes a
contribution to the flow of work.

A third stabilisation mechanism builds on legal decrees. Legal decrees
reshapework coordination by jurisdiction-wide restrictions that require the
re-distributionof roles, resources, and administrative competences.Herewe
find that the integration of climate information into urban governance
varies across cities.While in all three cities reducing climate risk ismandated
by legal decrees, Bilbao seeks to formalize climate information use within
legal frameworks, but remains reliant on conditional support; in San
Sebastián - where legal decrees support using climate information- policy
coordination to avoid sectoral conflicts is required; while in Copenhagen
-where using climate information is fully integrated into mandates-, pre-
serving legitimacy amid changing conditions and priorities requires
demonstrating the added value of the CBMP.

Based on our observations, our notion of stabilisation mechanisms is
that evaluative criteria are sustained by norms. In turn, the use of climate
information is more likely to become stabilised when claims for its use are
built through strategies that render visible normative elements -meanings,
values embodied in the norm-. For example, persuasion -a strategy

implemented across all three cities-, built on discursive andmethodological
closure, thereby successfully aligning usability claims with canons of good
practice. An underlying characteristic of these strategies is that across all
cities, stakeholders advocating for the use of climate information had
acquired sufficientpractical knowledge to frame their arguments in linewith
normative canons.

We unpack these dynamics using the Social Orders scheme, tracing
how evaluative criteria are socially constructed through relations of caus-
ality, spatiality, and prefiguration.

Two relations of causality -were the actions or intentions of one entity
leads another entity to perform an action- were identified: political and
institutional. First, regarding political causality, the three cases show that the
need of political authorities to understand climate risk information in a way
that resonates with political interests demanded actions from different
entities to translate scientific results into politically viable narratives. The
translation work needed to ensure that information showcased a broad
spectrum of benefits, including social (addressing citizens’ safety concerns),
institutional (enhancing the city’s reputation as a sustainable leader), legal
(ensuring compliance with national and European regulations) and finan-
cial (demonstrating how resilient urban planning investments could yield
long-term returns). Effective persuasion efforts benefited from linking social
values to the use of climate information, including safety, justice, liveability,
modernization, democracy, equity, and prosperity.

Second, institutional causality. In San Sebastián and Copenhagen,
specialised departments—the Environmental Department and Adaptation
Department—were granted supra-municipal authority to manage adapta-
tion, as traditional institutional arrangements were insufficiently equipped
to handle the complexities of Klima2050 and CBMP. Expanded autonomy
enabled these departments to influenceplanning routines, redistribute tasks,
and reallocate resources.

Regarding relationsof spatiality (spatiality refers to coordinationacross
entities), in all three cases, cross-department coordination needed to
advance adaptation goals required well-planed institutional coordination
mechanisms.To ensure feasible implementationof adaptationactions, these
mechanisms had to be in consonance with the resources and municipal
competencies of each different municipal department.

In Bilbao, the Environmental Department sought to demonstrate that
consideration to climate risk was feasible by identifying projects to be

Fig. 3 | Social orders and relationships.Details of relational dynamics between entities (causality, spatiality, andprefiguration) can be found in SupplementaryTables 11–13.
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implemented by other departments that were on a planning stage. The
project planning process, with its inherent flexibility to modify actions,
budgets, and methodologies, was viewed as the ideal opportunity to advo-
cate for the inclusion of resilience criteria.

In San Sebastián, Klima2050 implementation involved task distribution
under the Municipal Climate Coordination Board. The distribution of tasks
rested on an assessment of department’s administrative competencies,
resources and expertise, but it also involved ongoing discussions about the
changing availability of resources needed for the plan. The case of San
Sebastián emphasises the difference between prescription and practice: while
roles within Klima2050 were defined by official mandates, the implementa-
tionof theplandemandedongoingdiscussions about thepractical limitations
and options for each department to implement the plan.

In Copenhagen, coordinating the CBMP was based on a centralised
data system. Every urban project in the city had to provide detailed infor-
mation (including timelines, budgets, funding sources and the estimated
water absorption capacity provided by the project) to a centralised data
system. This system linked all projects through an automated process,
ensuring streamlined coordination and data sharing across departments.
This approach optimised resources and amplified impact.

Across all cases, persuasion efforts were aimed at convincing decision-
makers to incorporate climate projections into planning by linking climate
adaptation goals to broader political, social, and economic priorities. These
observations suggest that persuasion efforts were strategically devised, and
that effective persuasion relies on a deep understanding of not only reg-
ulations and administrative structures; but also, about other subjective
aspects of professional working activities.

In turn, relations of Prefiguration—where one entity enables or con-
strains another—emerge across cases. In Bilbao, integrating climate con-
siderations into planning required legal amendments and multi-level
endorsement, demanding consensus across diverse competencies. Depart-
ments of Environment, Urban Development, and Bilbao-TIC led integra-
tion but relied on political authorities, Department of Public Works, and
citizens for legitimacy. These actors serve as legitimators, and their eva-
luative criteria influence how climate information is assessed and applied in
decision-making.

In San Sebastian, while the Environment Department played a pivotal
role as a facilitator in the implementation of Klima2050, the level of parti-
cipation of other departments could either catalyse or obstruct the imple-
mentation of Klima2050. The Environment Department sought to ensure a
smooth implementation by ensuring all departments involved could access
additional funding and external expertise needed to implement the adap-
tation projects. This was achieved through active participation in the pre-
paration of national and European project proposals. The department’s
extensive national and international network proved instrumental in
unlocking these resources and ensuringwider collaboration and support for
the initiative.

In Copenhagen, Politicians have enabled the implementation of the
CBMP by enacting legislation that prioritised the plan over other city
projects and by designating the Adaptation Department as the lead agency.
However, the EnvironmentDepartment held a key veto power, as it had the
final authority to grant environmental approvals for all water management
projects under the CBMP. In addition, local residents also played a critical,
prefigurative role, either by supportingor opposingprojects proposedunder
the CBMP. To address this, the Adaptation Department adopted a parti-
cipatory approach, providing resources that enabled citizens to participate
in project design through augmented reality, visualisation and workshops.

In sum, this article set out to explore how decisions about the use of
climate information inmunicipalities respond to context-specific evaluative
criteria constructed by local stakeholders. Our findings show that these
criteria are embedded in broader normative frameworks that shape how
cities define legitimate and desirable forms of action. In the cases examined
here, these frameworks are closely tied to the narratives through which
municipalities understand and present themselves: Bilbao’s regeneration
trajectory, San Sebastián’s sustainability orientation, and Copenhagen’s

innovation-driven urban identity. Such narratives function as interpretive
frames that shape what counts as credible knowledge and appropriate
practice, making certain uses of climate information appear natural while
rendering others difficult to articulate.

In this sense, the uptake of climate information depends not only on
the availability or technical quality of data, but also on how it resonates with
the political priorities, strategic visions, and operational practices that define
a city’s sense of direction. Decisions about using climate information often
involve balancing what is politically acceptable (supported by stakeholders
and policy), what is technically feasible (implementable with available
resources), and what is strategically desirable (aligned with long-term
objectives). Climate information becomes actionable when it can be
meaningfully connected to these collectively recognized agendas and
narratives.

Thesefindingshighlight that improving theusability of climate services
is not solely a matter of refining information products. Rather, it requires
attention to the social and institutional processes through which meaning
and legitimacy are constructed in urban governance. For climate service
providers and risk communicators, this implies the importance of under-
standing how municipalities frame their development trajectories and
institutional identities, and of engaging with those narratives when com-
municating climate risks and adaptation options. While these insights are
drawn from three cases, they point to the need for future research to
examine normative structures, institutional narratives, and meaning-
making processes as central factors shaping the uptake and usability of
climate information.
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