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Abstract. The exchange of adaptation-relevant climate information between scientists, stakeholders and the
general public is marked by a gap between user needs and provided information. This multidimensional gap can
be described in terms of temporal and spatial scales, variable selection, specificity of needs, and consideration
of uncertainty. To bridge this gap, we argue for a multi-way format of co-creating (a) a viable form of infor-
mation exchange and (b) the relevant information itself, while recognising the needs of users and capabilities
of providers. This is to ensure that relevant information can be provided to users who are motivated to apply
them. We here describe the offer-need gap in the Main River catchment (central Germany), which is increasingly
characterized by climate change and user-induced water scarcity, and present a framework for bridging the gap
in stakeholder dialogues.

1 Motivation

In recent years, more frequent extreme events triggered se-
vere impacts, damages and fatalities in Bavaria (Germany),
like extreme precipitation and floods in 2024, 2021 and 2016,
droughts in 2022–2023 and 2018–2020 and prolonged heat
periods in 2022, 2018 or 2015 (e.g., Munich RE, 2024;
StMWi, 2025; Schröter et al., 2024; Vogel et al., 2019, an
der Heiden, 2023). These events became more frequent or
intense due to climate change (Schröter et al., 2024; Leach et
al., 2020; Vogel et al., 2019; Tradowsky et al., 2023). Associ-
ated impacts were prevalent in agriculture, infrastructure and
transportation, health care, water management, energy pro-
duction and supply (Vogel et al., 2019; LfU, 2017, Sodoge et
al., 2024). Stakeholders in these sectors hence have strong in-
terests in building resilience, e.g., by reducing vulnerability
via improved adaptation measures.

To do so effectively, they can refer to high-quality science-
based climate information, i.e., climate services. Climate ser-
vices can be based on observational or modelled weather
and climate data, as for example provided by the Bavarian
Climate Information System (“Bayerisches Klimainforma-

tionssystem, BayKIS”, LfU, 2024), the Climate Fact Sheets
by the Climate Service Center Germany (GERICS, 2026)
and the Bavarian Environmental Agency (LfU, 2026), or
the Copernicus Climate Change Service (C3S) by the Eu-
ropean Union’s Earth Observation Programme (ECMWF,
2026). The German Climate Adaptation Law (“Bundes-
Klimaanpassungsgesetz, KAnG”) specifically addresses the
need for data-based adaptation by mandating the data that
federal states must consider when developing their adapta-
tion strategies (BGBl. I., 2023). On a European level, the Eu-
ropean Research and Innovation Roadmap for Climate Ser-
vices aims at providing a framework for fostering an im-
pactful climate services sector during the Horizon 2020 pro-
gramme (Street, 2016).

Climate services are increasingly required to go be-
yond purely user-tailored data bases for adaptation manage-
ment, by acknowledging their design process, i.e., the trans-
disciplinary knowledge exchange between science and users
(e.g., Jacobs and Street, 2020; Findlater et al., 2021). Rec-
onciling offered services and requested information and cre-
ating meaningful use thereof though remains challenging.
While climate scientists tend to overestimate the usability
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of their data in real world problems, potential users often
lack training in climate science, thus failing to see chances
and limitations of the data (Jacobs and Street, 2020). This is
reflected in two different paradigms and thence a mismatch
in climate service creation: supply-driven, i.e., based on im-
provement of available data, and demand-driven, i.e., based
on improvement of decision-making (Findlater et al., 2021;
Raaphorst et al., 2020). Our contribution states and describes
a multi-dimensional gap between information required by
users and data produced by scientists which can result in
delayed or inhibited decision-making and subsequent imple-
mentation of possible solutions (Weaver at al., 2013).

Our assessment is embedded in the frame of the Euro-
pean Union’s Horizon 2020 innovation action “ARSINOE
– Climate Resilient Regions through Systemic Solutions
and Innovations” (https://www.arsinoe-project.eu, last ac-
cess: 20 January 2026). ARSINOE aims to improve re-
silience by designing replicable tool boxes for climate adap-
tation in nine demonstrator regions across Europe, one of
them being the Main River Catchment in Northern Bavaria
(Germany). Among others, the project facilitates exchange
platforms for stakeholders. For their benefit, this study pro-
poses a framework to bridge the gap between users and pro-
ducers of climate services within a co-creation process.

2 Methodology

2.1 The Main River Case Study in ARSINOE

The Main River catchment in central Germany (Fig. 1) is
strongly affected by intersectoral challenges related to wa-
ter scarcity and water competition. This study focuses on the
upper 406 km of the Main River, the largest tributary to the
Rhine, up to the gauging station Kleinheubach. Its catchment
covers 21 519 km2 with highly diversified and specialized
land use (e.g., horticulture and viniculture) and urban cen-
tres like Nuremberg and Würzburg. The population within
the catchment area amounts to approximately 3.8 million in-
habitants. Additionally, the Main River catchment is embed-
ded in the complex interregional Main-Danube water transfer
system, supporting navigation, hydropower and tourism.

The Main River catchment belongs to the warmest and dri-
est regions of Germany with annual mean temperatures of 8–
9 °C and annual precipitation sums of 600–800 mm (1971–
2000; LfU, 2024). Climate change projections for the re-
gion suggest longer, more frequent and intense droughts that
are increasingly associated with extreme temperatures (Böh-
nisch et al., 2021, 2025), a doubling of heavy precipitation
days (LfU, 2024), a seasonal shift of precipitation patterns
towards moister winters and drier summers (Böhnisch et al.,
2021), higher risks for fire weather (Miller et al., 2024) and
the intensification of floods (Willkofer et al., 2024), if no mit-
igation is implemented. In addition to altered water availabil-
ity, water demands by, e.g., agriculture, (public) water supply
or energy production change as well (e.g., Destatis, 2025).

The Main River region thus exhibits high vulnerability due to
accumulated infrastructure, economy and urban centres, but
also high exposure to hazards fuelled by climate change, both
paired with a limited adaptive capacity to climate change im-
pacts.

To address these challenges and provide innovative so-
lutions for climate adaptation, the project ARSINOE initi-
ated stakeholder dialogues in the region, in compliance with
the systems innovation approach (Mulgan and Leadbeater,
2013). Following a stakeholder mapping, so-called Living
Labs, i.e., platforms for exchange (Moujan et al., 2023), were
established in the Main River region to distil key challenges,
a vision of a sustainable future and pathways to resilience
within the water-energy-food nexus (see Cruz-Perez et al.,
2023, for a detailed description of the methodology). The
pathways include nature-based solutions, citizen science ini-
tiatives, novel technologies or governance schemes and fi-
nancial instruments. Participants from regional enterprises,
authorities and associations contributed to the Living Lab
“Bayerischer Main” in three workshops to develop a shared
understanding of challenges and potential solutions.

2.2 Workshops on Climate Services

Stakeholder dialogues during our Living Lab workshops
showed the need of and interest for climate services. There-
fore, Living Lab participants and further stakeholders were
invited to two additional workshops (online, September
2023; Nuremberg/in-person, November 2023) for specific
discussions on climate services. Participants were affiliated
to governmental bodies at local and regional level, local pub-
lic utilities, environmental NGOs, agricultural associations
or water management authorities. Consequently, their con-
cerns to be addressed by climate services were highly het-
erogeneous. The goal of the workshops was to establish the
awareness of potential users on climate service availability
and to adequately frame users’ specific needs. Climate or hy-
dro services were introduced as any kind of weather, climate
or hydrological information derived from observations and
model projections, provided by either the attending scientists
or public sources and portals with the purpose of facilitat-
ing transformative decision-making. Guiding questions in the
workshops addressed the issue to be targeted by climate ser-
vices, the type of required climate services, identifying con-
crete users and the format of climate services. In addition to
group discussions during the workshops, bilateral conversa-
tions afterwards were set up to refine the discussion results.

3 Results and Discussion

3.1 Identification of a multi-dimensional offer–need gap

The discussions during and after the workshops revealed a
distinctive gap between potential users of climate services
and their providers in the Main River catchment. This gap,
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Figure 1. Land use of the case study region, based on Corine land cover 2018 data (EEA, 2020).

the “valley of death” between users and providers (Swart et
al., 2021), encompasses multiple dimensions (Fig. 2) which
are often reported in literature (e.g., Jacobs and Street, 2020;
Findlater et al., 2021; Swart et al., 2021; Bojovic et al., 2021).
In parts, the gap identified in the case study overlaps with
the stakeholder-related “usability gaps” by Raaphorst et al.
(2020). Some of the gap dimensions found in the Main River
catchment refer to data-related aspects, such as the suitabil-
ity of the data (e.g., requested and available variables or their
temporal and spatial resolutions) or certainty of statements
(blue). Others relate to the applicability of the data, such as
data-related uncertainty, the degree to which a concrete prob-
lem can be addressed by the data, or the level of postprocess-
ing the data before it can be employed by non-data scien-
tist users (yellow). The third category addresses communica-
tion between users and providers (green): While a plethora of
(raw) climate and hydrological data is produced and provided
by research institutes or authorities, the available information
are hardly known, difficult to use or inadequate for a given
question and thus not of interest to potential users. Finding
a common framing for the question of interest is also chal-
lenging. Furthermore, updating and maintaining climate ser-
vices require long-term resources (e.g., support team, data
access/storage, budget, network, progress monitoring) which
can hardly be ensured if climate services are produced in (re-
search) project contexts with frequently changing staff, lim-
ited time, IT infrastructure and financial resources.

In general, the gap originates from different claims on
data: On the one hand, experiments and campaigns that pro-

duce climate data typically aim at holistically monitoring,
describing or understanding climate and hydrology. Using
the data for climate services is decided ex-post in these
cases (cf. the “loading dock mentality” by Jacobs and Street,
2020). However, this data can be post-processed in collab-
oration with stakeholders (e.g., Koutroulis et al., 2015). Po-
tential users, on the other hand, are confronted with deci-
sion making in a concrete, localized and personal setting.
They require specialized and processed information for im-
plementing adaptation (cf. “projection shopping” by Jacobs
and Street, 2020), but not necessarily simply “better data”
(Findlater et al., 2021). Furthermore, stakeholders are of-
ten unaware of available services. Consequently, many stake-
holders reported in the workshops that they did not use cli-
mate services for decision-making (yet).

3.2 Bridging strategy: structured and iterative
co-creation

Based on the workshop discussions, we collected and re-
fined iteratively several topics of interest to the stakehold-
ers in dedicated follow-up meetings. Among these topics
were meteorological hazards (extreme heat, compound hot
and dry events, heavy precipitation) and hydrological indi-
cators (amount of discharge, water temperatures, sediment
transport, groundwater recharge), but also ecological or phe-
nological information. Stakeholders asked for their temporal
characteristics (seasonality, diurnal variation) or occurrence
probabilities. Potential areas of climate service application
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Figure 2. Dimensions of the gap between requests of potential climate service users (right) and providers (left) corresponding to different
categories: technical/data-related (blue), application (yellow), exchange (green).

covered risks to biodiversity, to water availability or qual-
ity, or to vine and crop yields, adaptation of infrastructure
or adaptation at municipal level in accordance with federal
laws. Stakeholders were also interested in the reliability of
models, of scenario-based projections and of their own as-
sumptions on processes in the context of climate change.
Furthermore, the concept of climate services itself was scru-
tinized (e.g., limitations, climate services compared to per-
sonal experience, usage for communication purposes). The
requests thus went beyond the application of raw data only.

One strategy for bridging the gap between users and
providers consists of openly communicating and address-
ing its dimensions. Therefore, we converted the above-
mentioned topics into a framework to guide co-creation pro-
cesses in ARSINOE (Fig. 3). It describes possible choices
within a spectrum from practical applications to data pro-
cessing.

A climate service like cooling/heating degree days for en-
ergy suppliers may thus be described in terms of the topic
(energy supply and potential), the hazards to be considered
(heat and cold periods), the variables to describe the hazard
(temperature), the decision for defining an indicator as op-
posed to compound events or using raw time series, the spa-
tial and temporal aggregation (seasonal maps) and the statis-
tics of interest (frequency trends). Temporal and spatial prop-
erties refer to the selection of single time steps and periods

(e.g., historic, present, future, counterfactual), locations and
areas, and the resampling to requested time steps (e.g., hours,
days, years) or spatial resolutions. Last, choices on the sta-
tistical processing allow to tailor data further towards spe-
cific use cases (e.g., trends of extreme events, inter-annual
variability). Besides the categories described in Fig. 3, more
technical issues, such as the data source (e.g., observations,
model projections), data format or the way of conveying
and providing climate services, have to be agreed upon. The
framework structure, the categories and the elements from
which to choose can be adjusted to the context it is used in.

The framework is also intended to ascertain a common
understanding of the problem to be addressed, by breaking
down the aspects of complex climate services to modular
building blocks which can be “translated” between users and
producers. These elements can then be combined to address
varying levels of complexity once the specific needs are de-
fined.

Aside from structuring the discussion process as sug-
gested in Fig. 3, a more encouraging and explanatory com-
munication on existing climate services is required to raise
awareness of climate services and their limitations (e.g., data
uncertainty) or applicability among stakeholders. A central
component of this process is a tool or “translation sheet” that
helps convert stakeholder questions or policy demands into
scientific terms to enable data providers to understand what
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Figure 3. Framework for considering multiple dimensions when designing climate and hydro services, including selected characteristics.
Black dashed lines illustrate an example combination of characteristics for defining a climate service that results in seasonal trend maps of
heating/cooling degree days.

kind of information is needed, whether it can be derived from
existing datasets, or whether new data must be collected. This
translation is often just as important as the data itself, as it
facilitates mutual understanding between data providers and
users. Besides providing data, scientists need to understand
how decision-making processes work: who the stakeholders
are, what decisions they make, how those decisions are made,
and why. This understanding is crucial to ensure that the in-
formation delivered is truly fit for purpose. To succeed in this
task, engagement, involvement during the coproduction pro-
cess and empowerment of stakeholders for using climate ser-
vices is required (Bojovic et al., 2021).

The participants of the climate service workshops included
this point also in their feedback. Stakeholders valued partic-
ularly the introduction to climate services during the work-
shops and the opportunity for fostering fact-based opin-
ion forming and decision-making. However, besides missing
awareness, other factors may also contribute to not using cli-
mate services, like data that is not suitable for the concrete
problem, missing ability and technical options to use the data
or a culture of valuing personal experience on specific field
plots more than generalized and externally provided state-
ments about the region. The participants were positive about
their perspectives and concerns being acknowledged in an ac-
tive dialogue. Concrete discussions were preferred over gen-
eral presentations. The workshops thus allowed to grow mu-
tual understanding of data and contexts in which requests are
formulated as a foundation for successful exchange of cli-
mate services.

4 Conclusions

To avoid the Main River region being pushed beyond its re-
silience thresholds, intersectoral adaptation measures must
be implemented at a higher pace. For local stakeholders,

climate services can support fact-based decision-making to-
wards a resilient future by providing a data base for current
states (monitoring) or possible futures (scenarios). Climate
scientists need to find ways to efficiently convey the infor-
mation they have, so it can inform real world applications.
This includes interdisciplinary work with social scientists to
ameliorate the exchange process and foster transformation
(Jacobs and Street, 2020; Findlater et al., 2021). By engag-
ing in cooperation and co-creation, stakeholders can benefit
from up-to-date information, and scientists can make their
work more impactful, including the opportunity to get prac-
titioners’ feedback on its usability and raising its visibility
(Bojovic et al., 2021).

However, there is a multidimensional discrepancy between
commonly available scientific information and user require-
ments. The discrepancy can be addressed by the framework
presented here, by using ex-ante co-creation or ex-post co-
processing, if the first option is economically infeasible, and
a suitable communication process. The value of the dimen-
sions lies in realizing different aspects of potential misunder-
standing when discussing climate services. The framework is
suggested for a stage when stakeholders and data providers
already engage in development of quantitative data services.
Guidance by the framework categories can be adjusted de-
pending on the technical proficiency of the users. The spe-
cific characteristics of the framework are tied to results from
this case study, but the structure is transferable to other re-
gions as well.

Lastly, climate services also tell stories about changes tak-
ing place in the region. Thereby, they can serve as commu-
nication tools to enhance public acceptance of adaptation or
mitigation measures.
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