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It is once again my pleasure to introduce the
third, and final, publication in the
Climateurope publication series on the state
of European Earth system modelling for
climate services.

The first publication in 2017 focused on the
state-of-the-art of European Earth system
modelling to explainand illustrate the abilities
and limitations of Earth system models in
relation to the potential for climate services.
The second publication in 20192 updated the
first and gave special attention to the best use
of climate models and Earth system models to
underpin climate services, including support
for their interpretation to strengthen the
science base of climate services. This final one
focusses on matching the new demands of
climate services with evolving Earth system
modelling capabilities. The publication series
is intended to have a wide readership
including the scientific community, and
decision- and policy-makers from industry,
professional federations and public sector.

The backdrop and motivation for the
publication series is the continued and
growing awareness among decision-makers

1 Doscher et al (2017), available at
https://doi.org/10.17200/Climateurope.D6.5/1
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Foreword

"% Dr.Chris Hewitt, Climateurope Coordinator

of the relevance and importance of climate
information to a range of social and economic
issues. To attempt to better inform such
decisions a market of climate services is
emerging. The climate services are based on
climate data and scientific knowledge
covering the past, present and possible future
climates. A key component of the data and
knowledge, particularly concerning the
future climate, is derived from numerical
models of the climate and the associated
Earth systemincluding physical, chemical and
biological ~ processes. The  European
Commission has been supporting
Climateurope  (www.climateurope.eu), a
coordination and support action, under the
Horizon 2020 framework programme, to
build an environment and a range of activities
around Earth system modelling and climate
services. One key activity is the production of
this publication series to map and analyse
relevant initiatives, challenges and emerging
needs relating to Earth system modelling and
climate services in Europe, involving
expertise fromarange of stakeholders. | hope
this publication is of interest and use.

2Martins et al (2019), available at
https://doi.org/10.17200/Climateurope.D6.8/1
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1 Introduction

It is important to have a good working
definition of climate services. The Global
Framework for Climate Services provides a
description for climate services as the
provision of climate information to assist
decision-making (Hewitt et al, 2012). The
European Commission (EC2015) provided a
more detailed description as part of their
Roadmap for climate services as 'the
transformation of climate-related data into
customized products such as projections,
forecasts, information, trends, economic
analysis, assessments, counselling on best
practices, development and evaluation of
solutions and any other service in relation to
climate that may be of use for society at large'.

The “European research and innovation
roadmap for climate services” and the
programs it has stimulated have led to much
stronger links between providers and users of
climate knowledge and information. There is a
focus on understanding the processes and
consequences of climate change and
variability as well as improving knowledge on
climate related decision-making. Climate
services increasingly link users’ needs to
climate knowledge. The difference between a
climate service and climate research is that it
focuses on serving user requirements. Apart
from helping to prepare to manage the effects
of climate change, one of the main aims of

climate services is to provide up to date
climate related knowledge and information
which can be further used to reduce climate
related disaster risks, and to improve welfare.

In this report we review two recent climate
service market surveys. Climate service
providers include international and national
initiatives, operational and research-based
providers, among others. Types of users are
also diverse, including business, research and
education, policy makers, NGOs, politicians,
the general public and the media. The division
between users and providers is not always
clear, since users may also become climate
service providers and vice versa. Climate
services require a range of tools and datasets:
observations, re-analyses, and climate models.
There is a need for functioning infrastructure
that can deliver tools and data. In this report
we update the state of modelling, make the
case for observations and explore novel ways
of integrating models with services. We
interpret the service provision through the
lens of the stakeholder or users and highlight
projects that have offered different solutions
to a range of challenges. There is now a new
generation of platforms providing tools and
data to a wide range of stakeholders and they
are an essential part of integration, efficiency
and standardisation. Finally, we outline the
recommendations for sustaining the work and
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the legacy of the Climateurope project
following its end in January 2021, which
include  running  webstivals, updating
information on the website, and sustaining the

network through events at conferences, and
upkeeping the Climateurope social media
networks.



2 The market

In the period 2016-2018 the European
H2020 projects EU-MACS and MARCO
analysed the climate services market. The
insights from EU-MACS regarding obstacles
and mechanisms underlying less than optimal
uptake were used to edit and differentiate
projections made in the MARCO project.
Within these projects a broad definition of
“climate services market” was used (Fig 2.1.).

2.1 Current market and prospects

The current market size in Europe (2016) is
estimated to be in the range of 3 to 8 billion
Euros, with an expected growth rate around 9-
10% for the next years (Perrels et al., 2019).
There is a good basis for such growth with the
growing attention for the impact of climate
change in wvarious sectors, the EU-
requirement to have national adaptation
strategies and implementation and the
ongoing research related to climate services.

A large part of the supply of climate services
comes from the public sector or is financed by
the public sector. Due to EU and national
policy regulations, governments are also
relatively large users of climate services. The
private or commercial sectors have an
estimated share of about 30-35% in the use of
climate services and this is expected to grow.
Private companies are more active in the part
of the value chain near the final users with
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services that translate climate information to
the context of the users (Perrels et al., 2019)
often with a shorter time horizon and where
climate information is often combined with
non-climate information.

The most important user sectors up till now
are water management, energy, agriculture,
spatial planning, education, business services,
and forestry (Perrels et al., 2019). In Eastern
and South-eastern Europe fewer providers of
climate services are found (Hoa et al., 2018).
Awareness and international and national
policies are probably more important for the
growth of the market than economic growth
and available budget (Perrels et al., 2019).

2.2 Barriers, opportunities and
recommendations

Obstacles for the uptake of climate services
(Bessembinder et al,, 2019; Hoa et al., 2019;
Mysiak et al., 2018; Stegmaier et al,, 2019;
Hewitt et al., 2020):

e Time horizons and quality indicators used
do often not match user needs

e Limited awareness of impact of climate
change and potential benefit of climate
services

e |ack of incentives and lack of overview of
available climate services

e Lack of integration of information from
different disciplines and insufficient
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Figure 2.1 Different delineations of the term “market for climate services”: climate services are included
that generate or use at least some climate information. (Source: Perrels et al., 2019)

background knowledge to extract value
from climate information
e The costs for certain climate services

Obstacles for development and delivery of
climate services (Perrels, 2018; Cavelier et al.,
2017: Le Cozannet et al., 2017):

e lack of standards related to quality of
climate services

e Limited availability of easily useable and
updated climate data or mismatch with
user needs

e lack of expertise to integrate information
from different disciplines

e Legal limitations to what governmental
providers are allowed to provide

e Lack of interesting business models and
knowledge about user requirements

e Limited resources for operationalization of
climate services.

e free access to climate data by commercial
providers for developing climate services

Hoa et al. (2019) mention that there are
market opportunities in Central and Eastern
EU Member States particularly in sectors
poorly covered until now (e.g. health, tourism,
finance). The increased uptake of climate
services in the financial sector may have a
large follow-up effect in other sectors (Perrels
et al, 2019; Cavelier et al, 2017). If the
obstacles can be reduced or even resolved this
may offer opportunities:

e A climate services observatory may
give better overview of available
climate services.

e Policies that incite or regulate the use of
climate services, stimulate standardization,
transparency and accountability or support
climate services brokerage and more
information on the benefits of climate
services will increase the awareness and
sense of urgency (Perrels et al, 2019;
Stegmaier et al., 2019).

e Exploration of new and more interesting
business & resourcing models for climate
services.

Stegmaier et al. (2019) give governance
approaches to promote climate services:
state-centred, business-centred and network-
centred, each with different policy measures.
All three approaches can result in a significant
increase in uptake of climate services, but the
network-centred approach tends to offer the
best prospects.

It is still not straightforward for researchers,
providers and users to know which climate
services have been developed and are
available. The MARCO-project proposed a
market observatory that monitors the supply
and demand across Europe (Perrels et al.,
2019). This could also help to analyse the
challenges and potential gaps between the
available climate services and actual user
requirements. The prevailing view of experts
inthe field is that, overall, the benefit potential
of currently available climate services is as yet
poorly exploited (Hewitt et al., 2020; Perrels
etal,2019).



3 Modelling

Climate models are developed and used to
provide a better understanding of key
processes governing the climate and describe
how climate might change under different
emission scenarios. This information serves as
the scientific basis for many climate services
aimed at providing tailored information to
decision makers and policy makers. This
section provides an update of climate models
development priorities and how these can
enhance the accuracy and the salience of
climate services. We note that there is often a
substantial time lag of up to several years
between scientific findings on one side and
developed climate services on the other.

3.1 Earth system modelling development
priorities for climate services

Through the funding of key research projects,
the EU support has been essential to sustain
the European leadership in climate science
and Earth System Modelling. Recognizing that
Earth System Models (ESMs) are essential
tools for supporting climate policy-making and
the Paris Agreement, Horizon 2020 Work
Programme 2018-2020 launched the call
‘Developing the next generation of Earth
System Models” (LC-LCA-18-2020). Actions
under this call were asked to address in anovel
way one or more of the competing demands
surrounding the advancement of ESMs.

(climate urope
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Climateurope has prepared a paper with
“Recommendations to Horizon Europe on
research needs for Climate Modelling and
Climate Services” (Climateurope Deliverable
4.4). Among the recommendations, the more
relevant for ESM development include:
informing climate mitigation policy, enhancing
adaptation and resilience to extremes,
supporting the formulation of adaptation
strategies, and strengthening the links
between the climate modelling and climate
service communities (Hewitt et al., 2020).

Development areas to address the above
recommendations include: developing a wide
range of likely and feasible overshoot
scenarios; enhancing the level of process
realism and the representation of
uncertainties in models; addressing the
remaining large uncertainties with regard to
regional patterns and magnitude of changes;
tailoring climate information for local impact
analyses; and the shared development of
techniques to enhance efficiency in extracting
information from climate data.

3.2 Progress with Earth system modelling
applications in CMIP6

Earth system models applied in coordinated
Coupled Model Intercomparison Projects
(CMIP) constitute the backbone for many
climate service applications. Currently, many
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climate services still rely on data and
information based on CMIP5 (Taylor et al,
2012) that was also instrumental to the IPCC
5t assessment report (IPCC, 2013). More
recently, the 6™ phase of CMIP (CMIPé) has
produced a large number of new simulations
and despite some delays many CMIPé results
are now being assessed in the 6" assessment
cycle of the IPCC. Compared to CMIP5,
CMIP6 ESMs have been improved in many
aspects and are generally run at higher
horizontal resolution, which also leads to
improved credibility of the results.

3.3 Progress in the evaluation of climate
models and ESMs

Climate and Earth System Models are
continuously being improved both in terms of
better describing relevant processes and in
terms of improved ability to simulate features
of the climate system. The model evaluation
procedure relies on relevant observational
data (see section 4 below) but also on good
tools for evaluation. Further, it is important to
have good experimental protocols in place so
that comparison to relevant observations can
be done. It is also worth stressing the
importance of model intercomparison in this
context so that information from large
ensembles of climate scenarios can be
evaluated inrelation to each other.

The Earth System Model eValuation Tool
(ESMValTool) (Eyring et al., 2020) is a routine
benchmarking tool with diagnostics and
performance metrics that provides a growing
number of state-of-the-art analyses to be
applied to single or multiple models, or to
observations used by the European climate
modelling community. Triggered by the
increasing complexity of ESMs that are
incorporating more details and completely
new processes, ESMValTool is under constant
development. The number of available

m
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diagnostics and reference data sets is being
expanded over time funded by different
European and national projects. Currently, itis
extensively used to evaluate CMIP6
simulations. Results are made available on a
public website (https://cmip-
esmvaltool.dkrz.de/) to speed up the process
of incorporating new scientific findings into
climate services.

3.4 Operational climate prediction

Climate prediction aims at providing future
climate forecast information for time scales
that range between three weeks and up to
about a decade into the future (Doblas-Reyes
et al, 2013). Both ESMs and empirical-
statistical methods are used for the task. As
listed by Merryfield et al. (2020) the
challenges include: forecast initialization and
ensemble generation; initialization shock and
drift; understanding the onset of model
systematic errors; bias adjustment,
calibration, and forecast quality assessment;

model resolution; atmosphere-ocean
coupling; sources and expectations for
predictability; and linking research,

operational forecasting, and end user needs.
Bringing relevant stakeholders together with
scientists  behind these methods has
demonstrated benefits to ensure that society
has access to the best possible weather and
climate prediction science (Merryfield et al.,
2020).

Recently Smith et al. (2019) showed that using
a large multi-model ensemble of CMIP5
GCMs, decadal climate is more predictable
than previously thought. Smith et al. (2019)
proposed a new approach to better evaluate
the benefit of initialization with observations,
thereby improving our understanding of the
sources of skill. Other scientific studies
showing improved quality with specific



relevance to European conditions involve
Kruschke et al. 2014; 2016 and Schuster et al.
2019 addressing extra-tropical cyclones,
storm tracks and blocking frequency over the
North-Atlantic and Europe in a climate
prediction perspective. Part of the improved
skill was due to higher horizontal resolution in
the GCMs. CMIP6 experiments are becoming
available for analysis also for the dedicated
MIP (Model Intercomparison Project) on
Decadal Climate Prediction Project (DCPP,
Boer et al,, 2016). DCPP emphasizes the need
for larger ensembles and more frequent
initializations (annual instead of five-yearly).

The WCRP recently initiated the Grand
Challenge on “Near-Term Climate Prediction”
NTCP (GC-NTCP, Boer et al, 2016) to
“support research and development to
improve multi-year to decadal climate
predictions and their utility to decision
makers”. On a European level the ongoing
H2020 project EUCP (Hewitt and Lowe,
2018) and the C3S tender targeting a
prototype climate service for climate
predictions (Copernicus C3S 34c Prototype
Service for Decadal Climate Predictions) are
of special relevance to the development of
NTCP.

3.5 Recent developments in CORDEX

Regional climate modellers, for Europe
especially through EURO-CORDEX (Jacobs
et al., 2020) and Med-CORDEX (Ruti et al.,
2016), are focusing on further improving
regional climate modelling and information
integration methods that can improve climate
services. Both fine-scale  process-level
changes in the climate system and robust
assessment of regional change are developed
in this context. Central initiatives are the
CORDEX Flagship Pilot Studies (FPS) and the
large ensembles of new simulations from
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CORDEX-CORE (Coordinated Output for
Regional Evaluations).

The consistent set-up in CORDEX-CORE
(with  defined global climate models
downscaled by a defined set of regional
climate models) with 25 km resolution is now
an important part of CORDEX for all
continents on a global scale. First results from
the CORDEX-CORE simulations have been
assessed by Coppola et al. (2020a). The
EURO-CORDEX matrix of RCP-GCM-RCM
combinations is currently being substantially
expanded by a large number of new
simulations by nine RCMs operated under a
C3S contract. In two recent papers 55 GCM-
RCM combinations under the forcing scenario
RCP8.5 are analysed for model performance
(Vautardet al., 2020) and for climate change in
the 21°t century (Coppola et al., 2020b). In
another study Christensen and Kjellstrém
(2020) evaluate a subset of the full EURO-
CORDEX matrix as a test for assessing
ensemble spread aiming at improving
experiment design. Further exploitation of
these datasets has large potential for adding
better information about robustness and
uncertainties to strengthen climate services.

Most traditional climate models have
relatively coarse spatial resolution which
hampers a realistic representation of
convective precipitation. Recently, studies on
high-resolution convection-permitting models
have shown i) more realistic simulation of
convective precipitation extremes and ii) a
stronger climate change signal for
summertime precipitation extremes (e.g.
Belusi¢ et al. 2020; Lenderink et al., 2019). The
FPS on the Alpine region is the first large
experiment where such models are being
compared to each other in some detail
(Coppolaetal., 2018). Thisisanimportant first
step in identifying robust features and


https://www.wcrp-climate.org/gc-near-term-climate-prediction
https://www.eucp-project.eu/
https://climate.copernicus.eu/c3s34c-prototype-service-decadal-climate-predictions
https://climate.copernicus.eu/c3s34c-prototype-service-decadal-climate-predictions

uncertainties that both need to be addressed
by climate services. Activities involving
convective-permitting RCMs are also part of
the current H2020 projects and in other
regional projects like the Nordic Convection
Permitting Climate Projections project
(NorCP, Lind et al. 2020) or on national level
as in the UK (UKCP18). Those efforts are
providing research and output for an
improved quality base for downstream climate
services.
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The FPS LUCAS (Land Use & Climate Across
Scales) addresses the impact of land use
changes on climate in Europe across spatial
and temporal scales (Rechid et al. 2017). This
is important from a climate services
perspective as land use has changed
substantially over the 20th century and it has
not been assessed to what extent such
changes may have influenced historic changes
in climate. It is also highly important for the
future when changes in land use may be
expected, not least in connection to climate
change mitigation activities.


https://www.metoffice.gov.uk/research/approach/collaboration/ukcp
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4 Observations

Information about climate in the past is
essential for development of many different
climate services. Roughly, this information can
be divided in two major groups, direct
observations, e.g. station observations, and
products derived from them e.g. reanalysis or
gridded climatology. Direct observations are a
key element in climate monitoring, a basic
climate service. On the other hand, reanalysis
and gridded products, beside climate
monitoring and other services can be crucial
for development of climate models, in terms of
model skill assessment, bias-adjustment or
detection and attribution studies. Nowadays,
many different products, previously dispersed
in different countries and portals, have been
combined and converted to climate services
and made available via Copernicus Climate
Change Service (C3S), specifically Climate
Data Store (CDS).

4.1 Reanalysis

One of the milestones in the past few years is
publication of global ERA5 (C3S, 2017) and
ERAS5-Land (C3S, 2019) reanalyses. Main
characteristic of both data sets s
unprecedented high-resolution in time and
space. Additionally, the ERA5 Observation

Feedback Archive contains all observations
assimilated in the reanalysis, together with
information about the quality.

UERRA (Uncertainties in Ensembles of
Regional Reanalysis; Schimanke et al, 2019)
regional reanalysis for Europe, contains data
of the atmosphere, the surface and near-
surface as well as for the soil. High resolution
data from UERRA allows subcontinental
analysis especially ones related to the
extremes. In particular, UERRA provides
outputs on vertical levels that were
introduced following the needs of the wind
energy sector. The new regional reanalysis will
be built with the improved system of the
UERRA project (CERRA - Copernicus
European Regional Reanalysis) and forced by
the global ERAS reanalysis (C3S, 2020a).

Preparation of European regional reanalysis
for the two Arctic subdomains has started
(C3S, 2020b). This regional reanalysis can
potentially fill the very large gap in data
coverage due to sparse observations over this
region, but lack of the observations can put
some limitations in the development of such a
product. Some previous research on regional
reanalysis over polar region shows that results

(12



are mixed in terms of skill in comparison to
global reanalysis that was used as a driving
input on boundaries (Bromwich et al, 2015).

4.2 Gridded
climatologies

observations and

In addition to reanalyses, improved gridded
climatology for different climate variables and
derived indices are available for Europe and
several subdomains. The main dataset and
probably mostly used is E-OBS gridded
climatology (Cornes et al, 2018). Additional
regional gridded products that are available
are: Nordic Gridded Climate Dataset (NGCD;
Lussana et al, 2018), long-term Alpine
precipitation reconstruction (LAPrec; Auer et
al, 2007); Alpine precipitation grid dataset
(APGD; Isotta et al, 2014); and the
CarpatClim dataset that covers the wider
Carpathianregion (Szalaiet al,2013). For all of
them additional indices and indicators are also
available.

4.3 Direct observations and data rescue

Beside constant developments in the field of
climate services and improvements of
different products, direct station observations
still have high priority for many users,
indicating importance of high quality and
availability of these data but also a need for
proper maintenance and extension of the
meteorological networks with both automatic
and traditional stations. Furthermore, direct
observations are also used as an input for re-
analysis production, for verification and
validation of climate models, for bias-
adjustments of climate models and they are
the basis for gridded observational datasets.

During recent years availability, amount and
quality of reanalysis and gridded products
significantly increased, but availability and
accessibility to the station observations is still
limited. The Climate Explorer is an example of
an online platform, which provides relatively

easy access to databases such as GHCN and
ECA&D, or pre-calculated indices derived
from station observations. One way to
increase the volume of available observations
is the transformation of data from paper logs
or tapes into machine-readable format that is
easy for a wide usage. The C3S Data Rescue
Service is designed to facilitate and coordinate
the rescue of weather and climate data. It
closely collaborates with the World
Meteorological Organization, International
Data Rescue (I-DARE) and Atmospheric
Circulation Reconstructions over the Earth
(ACRE) initiatives. The portal provides
information about different rescue projects
around the world, but also allows registration
of the new data rescue projects. Tools and
guidelines for data rescue practitioners are
also available.

4.4 Satellite observations and data rescue

Since the era of satellite observations began
decades ago, the time series of directly
observed parameters and climate state
variables derived from them are often long
enough to be useful for both climate studies
and climate services. Some of the products
were already in use for many vyears, such as
observations of sea ice conditions, while
others such as observation of soil moisture,
precipitation, surface solar radiation or
atmospheric  composition became more
attractive during the last decades. One of the
main advantages of satellite observations is
the spatial coverage and high horizontal
resolution.

Satellite observation is mainly delivered
through ESA Copernicus Open Access Hub
and Copernicus Space Component Data
Access system, but many derived products
prepared by different institutions in Europe,
are now also available via C3S Climate Data
Store.
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5 Integration of climate
modelling and climate

services

In the last years, a strong societal demand has
emerged for useful, actionable, credible and
reliable information on the causes and
consequences of climate variability and
change (van den Hurk et al. 2018). This
stresses the need to co-develop climate
services for action, encouraging the
collaboration between science and humanities
on the one hand, and between researchers
and stakeholders on the other hand (Krauf3
2020).

Climate models are an integral part of many of
the climate services that are currently being
developed and delivered. In this sense,
strengthening the links between climate
models and climate services communities
seems essential to enhance the scientific basis
for climate services and ensure best
exploitation of climate information for the
benefit of users (Hewitt et al., 2020). Climate
services can benefit from improvements in
climate models, including the enhancement of
spatial and temporal resolution and the better
description and understanding of processes

and uncertainties. Conversely, climate
services can help climate models better
address new scenarios and/or challenges
related to user needs, achieving solutions that
are feasible, sustainable, equitable and
inclusive. Below, some proposals to
strengthen the linkages between the climate
modelling and climate services communities
are highlighted.

5.1 Joint design of simulations

Although climate model development is often
motivated and directed by societal needs, a
clear feedback mechanism is lacking (van den
Hurk et al. 2018). Interaction with users has
generally been acknowledged as a key part of
the development of climate services, vet
actual users often do not have direct contact
with climate modellers. Climate services
provided to stakeholders need to be
embedded in their decision-making context.
Therefore, services need to provide tailored
local- and stakeholder-specific information to
reach the right audience in the right format
and in a timely manner. Climate service
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development benefits  from  further
development of tools and guidance for
tailoring climate data (downscaling, bias
adjustment, climate model evaluation, tools to
generate tailored indices). Efforts to
overcome this limitation are being pioneered
by the Copernicus Climate Change Service
(C3S), which is building upon the results of
other projects such as EURO-CORDEX (in
downscaling and bias-adjustment) and [S-
ENES (in evaluation and standardization).
Additional efforts are also addressed to
increase the interaction between climate and
impact research, e.g. ERA4CS projects and
Sectoral Information System (SIS) projects of
C3S.

5.2 Inter-
approaches

and transdisciplinary

In the last few years, substantial progress has
been achieved in the definition of flexible co-
production frameworks (Norstréom et al.
2020, Bremer et al. 2019) aimed to be applied
to various climate services settings. However,
additional efforts can be devoted to enhance
the cross-pollination between social and
natural sciences and the definition of
appropriate guidelines for compiling, sharing
and merging climate and economic impact
data (Hewitt et al, 2020). Despite the
progress made in terms of interdisciplinary
advancements, transdisciplinary collaboration
is considered the way forward for reaching
meaningful knowledge co-production. Todays’
challenge is how to operationalize
collaboration  between individuals from
research, policy and civil society sectors for
impact (Cundill et al. 2019). In this sense,
various efforts have been devoted to the
design of transdisciplinary collaboration
committing to do science together with
society (e.g. international global sustainability
initiative Future Earth).

(17
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5.3 Artificial intelligence

Special emphasis is being placed on the
possibilities that machine learning (ML) and
artificial intelligence (Al) offer for both climate
modelling and climate services. These
disciplines will provide insights on how to best
deal with the large amount of climate data
currently available. On the one hand, this can
provide  improvements  of  processes
representation in climate models and, on the
other hand, it can help tailor climate data to
the specific needs of different socio-economic
sectors. ML will in particular be needed in two
critical research issues concerning both the
climate modelling and climate services
communities, namely extreme events and
observational gaps, which are both limited by
the scarcity of observations (Hewitt et al,
2020).

5.4 Alternative tools for
communication and user
engagement.

Tools such as storylines, visualization, case
studies or narratives can be used to bridge the
gap between model outputs and management
and policy recommendations. These tools are
increasingly exploited in the climate services
arena to support the communication of
climate issues and enhance user engagement.
Each of them fulfils different functions and
differs in the type of information provided and
the addressed type of audience.

e Storyline: A storyline is used to explore a
range of plausible futures, understood as
possible future climate change scenarios

e (Case study: A case study describes a
particular weather or climate event that
takes place over aspecific location and time
period. A case study can be used to better
understand a climate event, and to
illustrate how available knowledge can help



improve climate resilience and climate
change adaptation.

Narrative: A narrative is used to add
context to storylines by integrating the
perspectives, values, and knowledge of
stakeholders as well as to place case
studies within the storyline, e.g., look at the
frequency and severity of an event and how
this is going to change in the future.

Online platform: Online platforms (e.g.
DSTs) are used to provide climate service
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solutions for a broad audience, and have
the potential to be tailored to a particular
stakeholder.

Other tools: Other tools increasingly being
used include serious games, art, citizen
science and other visualisation and
dissemination materials.
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6 Success stories

In this chapter we present a few examples of
successful initiatives funded by H2020,
ERA4CS, Copernicus and Climate-KIC.

6.1 Platforms

6.1.1 Copernicus Climate Change Service

e The key stakeholders

C3S is a public and free service supporting
heterogeneous pools of users with very
different needs, from members of academic
institutions, e.g. researchers interested in very
large volumes of raw data coming from climate
projections, to decision-makers looking for a
simple rendering of a statistical analysis based
on several sources of data, and a growing
number of private sector firms.

e Progressand future plans

C3Sis a well-established resource for climate
services worldwide. It provides authoritative,
quality-assured information to support
adaptation and mitigation policies. The
Climate Date Store counts 35 000 users and it
delivers some 50 TB data per day.

All the functional building blocks are
operational and enriched by allowing users to
derive sector-specific indices or indicators.
With Copernicus’ first phase coming to an end
in 2021 planning for the future should

consider the evolution of the application
sectors, of science/societal drivers, of the
technical infrastructure, of the international
landscape. Areas of expansion are decadal,
sub-seasonal predictions, attribution studies,
which were trialled during the first phase.

e Stakeholder engagement and feedback

As C3S aims at making information relevant
and usable for any downstream exploitation,
different mechanisms of user requirements
collection are in place: workshops, forum,
surveys, direct contact, active development
and sharing of toolbox custom-made
applications.  The  Sectoral Information
System, developing and delivering sector-
specific demonstrators, acts as a direct
interface with the users. All C3S user feedback
converges to a centralised user requirement
database and is then analysed to identify the
fundamental aspects of the programme that
would need to be further developed.

e Challenges

Climate services and the development in the
underpinning climate research are part of the
priorities of the European political agenda but
more effort is required to ensure that the
operationalisation is  facilitated and
streamlined. There is a need to ensure that

(1o


https://climate.copernicus.eu/

future initiatives build upon the investments
of the last few vyears especially in the
operational element of climate services such
as Copernicus Climate Change. Similarly,
renewed effort should be put towards
standardisation, quality assurance and
governance. The more the climate data makes
its way into the fabric of our everyday life the
more the sustainability of a dedicated effort
towards these activities must also be ensured.
A final challenge is related to understanding
the climate service as a public good as big
private players have entered the arena.

6.1.2 OASIS Hub

Qasis Hub is a global aggregator for both free
and chargeable catastrophe, extreme
weather, climate change and environmental
risk data, tools and services. It also provides
commercial services in data set enhancement,
data aggregation and commercialisation. It
aims to help users to understand the wealth of
global, public and private sector data, tools
and services available to assist their risk
assessment, climate adaptation and resilience
needs. Oasis Hub (supported by Climate KIC
and H2020) was created as a collaboration
between business and academia, with
businesses stating needs in finding good
quality global data and academia and SME’s
needing a hub to more quickly create research
impact, dissemination and innovation of their
data, tools and services.

e Key stakeholders

A wide range of professionals and students
from multiple sectors and from across the
world are using the information to integrate
into risk management systems, assess risk in
building and infrastructure development and
assess global supply chain vulnerability to
climate change. Other uses include ICT
companies developing risk assessment

platforms for a range of sectors, as well as
being used by disaster risk responders.

e Progressand future plans

Oasis Hub members (over 1400) come from a
wide range of sectors, including insurance,
finance, development, engineering and
consultancy. In the future it intends to
continue to aggregate environmental,
catastrophe and risk assessment information
data, tools, models and services, in particular
from the academic, commercial and local
government sectors. HOASIS Hub also plans
to develop a compare the market approach
around data, tools and services - enabling
users to more clearly understand the type of
data and tools they need for their particular
purposes.

e Stakeholder engagement and feedback

The Hub engages with users in arange of ways
including: newsletters, social media and direct
communications with members; collaboration
with insurers, finance, business, academia and
SME’s on the development of new data, tools
and services to encourage and use co-design
and co-production approaches.

o Challenges

There are a range of barriers for the
aggregation and dispersal of data and tools to
wider society. Barriers to data, tools and
services availability include, among others:

- Low resolution global data from large public
data centres, difficult to access and cut if not
an expert;

- Global lack of understanding of what type of
datais needed:;

- Damage and loss data unavailable - as
currently restricted commercially;

- There are ‘Islands of excellence’ in research,
but there remain large barriers to innovation
and scaling at institutional level.


http://www.oasis.hub/

Surface water balance assessed with simulation using
numerical weather prediction NWP) model.

BO®

Figure 6.1 Drought Watch webtool (https://droughtwatch.eu/)

6.2 Projects
6.2.1 DriDanube
Stakeholders

Governmental, Commercial, Farmers,

Research

Challenges

Water scarcity and droughts hit the Danube
region frequently with large impacts on the
economy and welfare of the people. Currently
the drought management is reactive, dealing
mainly with losses and damages, cooperation
between key actors is missing and formal
legislation mostly does not exist. The focus
should shift from recovery to protection, i.e.
from crisis management to risk management.

e Objective

Increase the capacity of the Danube region to
manage drought related risks; help all
stakeholders involved in drought

management to become more efficient during
drought emergency response and to prepare
better for the next drought.

e Solution

Atool that will help detecting drought, as well
as a Strategy document, compiled together
with the stakeholders at over 30 national and
international seminars and conferences,
which will give clear guidance for overcoming
the gaps in the drought decision-making

processes and improve drought emergency
response. Drought Watch (Fig. 6.1) is an open
web-based tool which enables more accurate
and efficient drought monitoring and early
warning. The service integrates various
drought indices on soil moisture and
conditions of vegetation, including a large
volume of the most recent remote sensing
products. In addition, Drought Watch
integrates near real time observations of
drought impacts on vegetation collected by
over 1000 people (farmers, agricultural and
forestry experts) across 10 Danube countries.

6.2.2 CarpatClim and DanubeClim
Stakeholders

Research, Commercial, Governmental

Challenges

International cooperation and environmental
management require climatological databases
covering large areas. National
(hydro)meteorological services however have
different measuring networks, instruments,
data management tools and data quality
control methods which lead to inhomogeneity
in the climatological fields.

Objective

Ensure data  harmonization  between
Carpathian countries and production of
gridded climatologies per country; improve
the availability and accessibility of a


https://droughtwatch.eu/

homogeneous and spatially representative
time series of climatological data through data
rescue, quality control, and data
homogenization.

e Solution

Develop a Climate Atlas as the basis for
climate assessment and further applied
climatological studies as well as for drought
monitoring in the Larger Carpathian Region in
the frame of the European Drought
Observatory.

6.2.3 WINDSURFER - Wind and Waves
for Insurance, Forestry and Offshore
Energy

e Stakeholders
Commercial
e Challenges

Extreme winds pose major risks to life,
property and forestry, while extreme ocean
waves canimpact offshore infrastructures and
coastal communities. Climate Services that
provide improved assessments of extreme
wind and wave hazards and how they might
change in the future are needed to help
private and public organisations adapt.

e Solution

WINDSURFER is a ERA4CS/JPI Climate
project that is bringing together eight leading
research institutions across Europe to co-
develop new methods, tools and assessments
of extreme wind and wave risk with a focus on
Insurance, Forestry and Offshore Energy. In
particular, WINDSURFER has developed
improved datasets of current and future wind
and wave hazards to help assess risks.

6.24 ARISE - Agriculture: Resilient,
Innovative and Sustainable Enterprise

e Stakeholders

Smallholder farmers, commercial banks,

governments

e Challenges

Extreme weather events such as droughts and
floods and erratic rainfall patterns result in
lower crop vyields, higher and more volatile
food prices, exacerbating poverty and
malnutrition. Smallholder farmers need to be
supported to build resilience to climate
change in part by better integration into
supply chains and improved strategies for
managing farming risks.

e Objective

To overcome the challenges by exploring the
use of farm-to-regional or country-level
metrics allowing to optimally design and
increase investments at farm-level. The ARISE
project (Climate KIC), seeks to enable both
private and public decision makers to design
local-to-regional interventions that allow to
sustainably increase agricultural production
while reducing its exposure to rising climate
risk. Ultimately, more sustainable food
production and improved market access, as
well as higher incomes for smallholder
farmers, are achieved, in addition to reducing
exposure to climate and weather risks across
all value chain stakeholders.

e Solution

Develop risk analytics tools supporting the
design of innovative financial and insurance
products that have the ability to capture the
risk profile induced by the adoption of
particular production technologies. The
solution has broader relevance for countries
in which agricultural policies often rely on
subsidies. The embedding of forward looking,
climate/weather metrics in capital budgeting
and credit scoring models can spur the
transition to a more sustainable way of
supporting key economic sectors, while
recognising how different stakeholders
contribute strategic value along the supply
chain.


http://www.carpatclim-eu.org/danubeclim/Home
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/ Climateurope’s legacy

Over the past five years, the Climateurope
community has grown from almost nothing, to a
thriving group of climate services users and
providers. This has been achieved through in
person and virtual meetings, which have
continued to grow and thrive in 2020 despite the
COVID-19 pandemic. In this chapter, we provide
recommendations for sustaining the work and
legacy of the Climateurope project following its
end in January 2021.

7.1 Webstivals

The Climateurope festivals have brought
together communities of climate researchers
and climate service users and providers in an
engaging and interactive environment (Kotova
et al, 2017). Over the last vyear, driven by
worldwide travel restrictions from the COVID-
19 pandemic, they have evolved into an
innovative online format, the webstivals.
Recordings, scribing outputs and reports from
the Climateurope festivals and webstivals will
remain available on the website after the project
ends.

There is an appetite for continuing the legacy of
the Climateurope webstivals and webinars
which are easier to arrange than physical ones
and require fewer resources. It has been
proposed that volunteers are found to arrange
these online events.

7.2 \Website

The Climateurope website has provided a
repository for all the information gathered in the
project. It will be maintained by CMCC as a live
site until June 2021, and then as a static site until
December 2025.

7.3 Network

Climateurope has created a vibrant and active
network of over 380 members. The network has
provided a sense of community and a resource
for knowledge sharing for climate service users
and providers across Europe, and to some extent
beyond. In order to maintain the community
created by the network, it has been suggested
that a regular Climateurope event is held at one
of the major conferences (e.g., EGU, EMS, ICCS,
ECCA). This would be run as a special session
with a networking event.

7.4 Social media

Climateurope has established and runs two
successful social media accounts; a Twitter
account with over 2 100 followers, and a
LinkedIn account with over 210 followers. The
LinkedIn account has gathered a potentially self-
sustaining community which could continue
beyond the end of the Climateurope project with
some minimal input from volunteer moderators.


https://www.climateurope.eu/events-climateurope/festival/
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