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Executive summary 

This paper presents recommendations for the next Horizon Europe framework program for the cluster related 

to “Climate science and solutions”. It emphasizes how research and innovation activities in the fields of cli-

mate modelling and climate services can contribute to improving climate knowledge and information to users 

in order to enhance the European capacity to transition to a sustainable and resilient society. Climate models 

are extensively used to provide a better understanding of key processes underlying climate change on a range 

of timescales from months to decades, and to investigate and describe possible future climates. This infor-

mation serves as a scientific basis for climate services that aim to provide tailored information to decision 

and policy-makers. Climate models and climate services are crucial elements for supporting the policy on mi-

tigation and adaptation to climate change and for building a society more resilient to climate-related risks. 

Recommendations have been elaborated within the Climateurope H2020 coordination and support action with 

an expert group and are summarized below. 

CLIMATE MODELLING & CLIMATE SERVICES 

1. Supporting the IPCC process 

The Assessment Reports of the Intergovernmental Panel on 

Climate Change (IPCC) are crucial to support international 

policy on climate change. Information on possible future cli-

mate is extensively based on simulations using climate mo-

dels coordinated internationally by the World Climate Re-

search Programme (WCRP). The European Commission (EC) 

plays a key role in supporting the European contribution to 

this research. This support will be essential in sustaining Eu-

ropean cooperation toward the next cycle of the WCRP expe-

riments, in allowing the timely preparation of the relative si-

mulation protocols and in addressing knowledge gaps identi-

fied in the IPCC Assessment Reports.  

 

2. Informing climate mitigation policy: scenarios 

with risk of overshoot  

Climate model projections of possible future climate change 

are essential to assess plausible routes to realizing key policy 

goals, such as the Paris Agreement, and to investigate the 

consequences of exceeding such targets. Even though many 

countries signed the Paris Agreement, the risk of reaching 

global warming greater than 1.5 or 2°C, at least temporarily 

before returning below the target, remains high. Further re-

search is needed to enhance the level of process realism and 

the representation of uncertainties in models and developing 

a larger range of likely and feasible overshoot scenarios. This 

will be essential to assess and inform on the risks of 

overshooting 1.5 or 2°C and associated impacts as well as to 

understand the interference of possible abrupt events and 

the impacts of aggressive mitigation actions.  

3. Enhancing  adaptation and resilience to extremes 

Despite improved understanding of extreme events including 

general agreement that different types of extremes, such as 

heat waves and heavy precipitation are expected to increase 

in frequency and intensity in a warming climate, further re-

search is needed to address the remaining large uncertain-

ties with regard to regional patterns and magnitude of chan-

ges. For other extremes, such as wind storms, even the sig-

nal of future change should be investigated in many regions 

including the North Atlantic and the European region. It is 

foreseen that very high spatial resolution climate models at 

the km scale can contribute to a breakthrough in represen-

ting extreme events.  

 

4. Supporting the formulation of adaptation strate-

gies 

Adaptation strategies need tailored information on climate 

and impacts at local scale and, for most users, ranging over 

time scales from seasons, years to decades up to centuries 

under different emission scenarios. Climate models provide 

essential information on climate, which however, needs to be 

tailored to provide adequate information to assess local im-

pacts. To suit the expectations of most users in terms of sys-

tematic availability of impact-oriented projections and up-to-

date near-term predictions downscaled to local scale, pro-

cess understanding, models and infrastructure, and downs-

caling need continuous support. In addition, guidance is nee-

ded for selection, aggregation, and use of the local climate 

information.  
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5. Understanding requirements, decision-making 

context and foresight for climate services  

Climate services can be understood as “future makers” and 

“future enablers” to support resilient societies. For doing so, it 

is key to understand users’ requirements and their decision-

making context. This will further strengthen the role of clima-

te services as “supporters” for science-based decision-

making towards sustainable futures. Climate services re-

search should contribute to increasing knowledge towards 

reaching societal goals and should be understood as crucial 

to develop future sociotechnical imaginaries and foresights. 

For this to happen, there is a need to trigger cross-pollination 

between social and natural sciences to include the human 

dimension into climate services research. This will be instru-

mental to address issues such as advancing decision-

making, co-design, and communication issues.  

 

6. Enhancing diffusion of innovation and informa-

tion for climate services  

So far, the development of many climate services related to 

climate change and seasonal to decadal predictions has cul-

minated in the creation of case studies and some semi-

operational and operational services. This means that many 

climate services have only been able to make a gradual tran-

sition from technology development (Technology Readiness 

Level TRL3, proof of concepts or case studies in the past) to 

technology demonstration (TRL5, such as semi-operational 

prototypes). It is strategically important to move the climate 

services demonstrations to technology readiness level 7 to 9 

that include the demonstration of the services in an operatio-

nal environment, i.e. the operationalization of these climate 

services.  

 

7. Assessing the value of climate services 

Climate services help society avert the negative effect and 

embrace the opportunities related to climate change and 

climate variability. The value of climate services can be con-

sidered from an ecological, social, ethical, and economic 

point of view. The prevailing view is that, overall, the benefit 

potential of currently available climate services is as yet 

poorly exploited. A better understanding of the underlying 

values, expected and potential, is needed to increase the up-

take of climate services. However, it is also important to un-

derstand why some users undervalue climate services and 

why they cannot valorize climate services.  

 

8. Standardizing climate services 

Standards are key mechanisms to guarantee suitability, qua-

lity, and performance of technological solutions. They also 

provide common terminology between user, provider, and 

purveyor communities. The need for quality control, stan-

dards and certification for climate services emerged in con-

sultations with users during the design of the European 

Roadmap for Climate Services. Users argued for standardi-

zation of the climate service field in order to generate trust 

across supply and demand, providing the infrastructure for a 

climate service market (public and private). Although there 

exist standards for some components of climate services, 

there is a need for a coherent and agreed upon set of authori-

tative standards for the overall value chain, in particular for 

services tailored to users.  

 

9. Strengthening the links between the Climate Mo-

delling and Climate Service communities  

Enhancing and supporting the cooperation between the Cli-

mate Modelling and Climate Services communities would be 

of benefit for both communities in term of informing and ra-

tionalizing the pull for outputs from climate modelling and 

impact communities activities and informing the potential for 

additional (and potentially more) relevant climate services 

based on research directions and outputs. Both communities 

could also benefit from shared development in using big data 

technologies to enhance efficiency in extracting information 

from climate data.  
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This paper presents recommendations for the next Horizon Europe framework programme for the fields of 

climate modelling and climate services. Recommendations have been elaborated within the Climateurope 

H2020 coordination and support action (CSA) with an expert group. 

Climate models are extensively used to provide a better understanding of key processes underlying climate 

change on a range of timescales from months to decades, and to investigate and describe possible future cli-

mates under different scenarios. This information serves as a scientific basis for climate services that aim to 

provide tailored information to decision and policy-makers. Climate models and climate services are crucial 

elements for supporting the policy on mitigation and adaptation to climate change and for building a society 

more resilient to climate-related risks.  

There are no doubts that climate is changing and that human emissions of greenhouse gases are its main 

drivers, as emphasized in IPCC 5th Assessment Report. Avoiding dangerous climate changes has led to the 

adoption of the 2015 Paris Agreement with the objective to limit global warming to 2°C or even below, compa-

red to pre-industrial temperature. However, how to reach this objective raises a number of issues that climate 

research can help address, such as the different possible pathways to reach those objectives and what are 

the risks associated with each. Adapting to climate change also relies on information on climate change on a 

range of time horizons from seasonal to multi-decadal. Climate models are at the basis of such information 

for future climate. However, this information needs to be tailored to the decision-making contexts of users, 

combining information from models with other information relevant for users to enable the integration of cli-

mate risks into their operational decisions. 

Vision: Transition to sustainable and resilient so-

ciety   

The transition to a sustainable and resilient society is a multi-

dimensional challenge that requires enabling people and 

communities to anticipate risks, reduce their adverse im-

pacts, recover and bounce back from difficulties and crises, 

and continue to function and grow. Variations in our climate 

can drive risks for all societal actors, for both present and 

future. To be tackled, it needs cross-disciplinary and trans-

disciplinary worldwide efforts and coordination, combining 

natural and social sciences, and public and private sectors. 

It is crucial to understand current and future climate change, 

variability and extreme events, their impacts and societal 

vulnerability. It is also important to enable efficient communi-

cation of robust information to decision-makers to yield key 

actions for sustainable development. The proposed recom-

mendations for further research and innovation activities 

aim at improving climate knowledge and information to 

users to enhance the European capacity to transition to a 

sustainable and resilient society in the course of Horizon 

Europe.  

Background on climate models & climate services    

Climate change is leading to a range of varied and significant 

impacts affecting nature and society. The climate research 

used to understand and predict climate change and variabili-

ty has strongly developed during the last decade. Climate 

models describe the climate-relevant physics of the atmosp-

here, sea ice, ocean, and land surface. Earth System Models 

(ESMs), a step further in complexity, also include processes 

related to the carbon cycle, atmospheric chemistry, vegeta-

tion, aerosol, ecosystems, biogeochemistry, as well as 

feedbacks occurring between those. In the following, the 

term climate models will be mainly used, encompassing the 

two classes of models, in order to reflect the overall climate 

focus of the modelling studies. The models calculate three-

dimensional fields of variables, such as temperature, precipi-

tation and wind, both in the past and into the future. Climate 

models are an essential tool for understanding and predicting 

climate variability and change as well as for climate policy-

relevant calculations. They are used to produce both long-

term climate projections and seasonal-to-decadal predic-

tions. Climate change projections are estimates of the evolu-

tion of possible future climates under the assumptions of 
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future emission and land use activities (for different policy 

scenarios). They are typically built on an ensemble of simula-

tions in order to circumvent the biases in representing varia-

bility, natural fluctuations and oscillations of the global and 

regional climate as their intensity and timing differ among 

models and with respect to observations. Climate predictions 

are, on the other hand, estimates of future climate conditions  

covering monthly, annual to decadal timescales by better 

accounting the initial state of the Earth system. They emerge 

as a key source of information for a growing number of users 

in need of relevant, actionable information in the time range 

of a few years. Both types of numerical experiments are 

highly dependent on the availability of computing resources. 

The trend towards higher spatial resolution, large ensembles 

of simulations and more complexity, leading to higher quality 

and more useful information, calls for increasing resources. 

The large EuroHPC initiative is expected to help achieve so-

me of the ambitious objectives presented in the recommen-

dations. 

A Climate Service is the provision of tailored climate informa-

tion to assist decision-making. Climate services have stron-

gly emerged during the H2020 programme as it was empha-

sized in the European Roadmap for Climate Services in 2015. 

A service must respond to user needs, must be based on 

scientifically credible information and expertise, and requires 

appropriate engagement between users and providers. Mo-

dels produce the data, information about past, current and 

future climate, which underpins most climate services. Such 

user-oriented applications often require information at regio-

nal or local scale. Global model data is traditionally downsca-

led from coarse grids by means of regional climate models, 

or via statistical approaches and undergo further tailoring 

procedures (bias correction, application of selection techni-

ques). A new generation of global climate models at high 

resolution has emerged in the last ten years, which in part 

complements and in part substitutes that traditional 

workflow. Assessment and communication of the uncer-

tainty are at this stage essential for information used in deci-

sion-making. Climate services products, to be delivered to 

public and private sectors, include projections on multi-

decadal timescales, predictions on timescales from months 

to years, observed and forecasted trends, assessments, 

counseling on best practices, and any other product that may 

be of use for society. Climate model data is generally proces-

sed by impact models to address the needs of sectors, such 

as agriculture, water, health, and energy. By addressing direct 

or indirect consequences of climate change and existing or 

emerging risks, climate services can help decision-makers 

take better-informed decisions to help Society as a whole 

cope with climate change and variability, limit the economic 

and social damage caused by climate-related disasters –

raising resilience and adaptation capacity– but also embrace 

upcoming opportunities. 

Methodology 

This position paper provides the European Commission with 

a view on how research and innovation actions on Earth Sys-

tem Modelling and Climate Services could contribute to the 

European Union Horizon Europe framework over the period 

2021-2027. The paper was written in the frame of the H2020 

CSA Climateurope, by a group of European experts in climate 

modeling and climate services, under the coordination of a 

small group of scientists from various European research 

institutions participating in the project. The experts were se-

lected based on their individual leadership roles as PIs of 

H2020 projects or on their participation in international pro-

grams/initiatives related to climate modeling and climate 

services. A significant number of these experts in turn invited 

members of their own networks to collaborate to this effort. A 

first list of recommendations on research needs resulted 

from a dedicated workshop held in Paris on 11-12 February 

2019, reserved to the experts. Such list was further discussed 

in an open meeting at the General Assembly of the European 

Geosciences Union in Vienna on 12 April 2019. 

The paper content also relies on previous discussions and 

consultations held in the frame of Climateurope as well as of 

other initiatives, such as Copernicus Climate Change Service 

and international programs. Documents of references are, 

among others, the Climateurope position paper on recom-

mendations for climate services science, research and inno-

vation, resulting from a meeting with key stakeholders held at 

the EC, the Roadmap for European Climate Projections pro-

duced by the Copernicus Climate Change Service, the IPCC 

AR5 and Special Report on 1.5°C, the United Nations Frame-

work Convention on Climate Change Paris Agreement, and 

the World Climate Research Programme strategic plan. 

The paper presents the recommendations as high-level re-

search topics to be pursued, starting with Earth System mo-

deling and continuing with climate services to mimic sequen-

tially the value-chain of information transfer from science to 

society. Some cross-field and cross-topic aspects are also 

discussed. For each research topic some background infor-

mation is provided as well as its significance for the overall 

vision this paper strives for –the transition to a resilient and 

sustainable society in the 2025-2030 time horizon. 
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Supporting the IPCC process 

The Assessment Reports of the Intergovernmental Panel on Climate Change (IPCC) are crucial to support in-

ternational policy on climate change. Information on possible future climate is extensively based on simula-

tions using climate models coordinated internationally by the World Climate Research Programme (WCRP). 

The European Commission (EC) plays a key role in supporting the European contribution to this research. This 

support will be essential in sustaining European cooperation toward the next cycle of the WCRP experiments, 

in allowing the timely preparation of the relative simulation protocols and in addressing knowledge gaps iden-

tified in the IPCC Assessment Reports.  

#1. SUPPORTING THE IPCC PROCESS 

 

Contribution to the vision 

Long term projections and near-term predictions with clima-

te models are important to better understand the climate 

change process, and then to justify and design mitigation and 

adaptation policies. Access to multi-model ensembles, well-

evaluated on historical and past climates, is needed to en-

hance robustness and assess uncertainties of such projec-

tions. Such simulations are highly used for climate impact 

studies and serve as a basis for climate services, in particular 

as being promoted on a European level the Copernicus Cli-

mate Change Service. These simulations are also critical to 

assess the scientific understanding of key processes driving 

the climate response to anthropogenic forcing, such as 

feedbacks.  

 

Background: lessons learned and gaps 

EC, through its different framework programmes, has sup-

ported the World Climate Research Programme (WCRP) in-

ternationally coordinated experiments. This strengthened the 

European contribution to the Coupled Model Intercomparison 

Project (CMIP) cycles as well as to the more recent Coordi-

nated Regional climate Downscaling Experiment (CORDEX). 

CMIP experiments form the backbone of climate science for 

evaluating models, for providing future projections, but also 

for improving understanding of climate variability and chan-

ge. CORDEX provides regionally downscaled information 

from global projections aiming at understanding regional 

circulation and processes and at improving information at 

the regional scale for impact studies and decision-makers. 

EC H2020 support has been essential to maintain the Euro-

pean leadership on various aspects of the 6th cycle of CMIP 

(CMIP6) such as high-resolution global simulations (H2020 

PRIMAVERA project), carbon-feedbacks (H2020 CRESCENDO 

project) as well as for near-term and regional projections 

(H2020 EUCP project). Analyses of CMIP6 are ongoing and 

will contribute to the IPCC Assessment Report 6 (AR6) with 

three main foci: How and to what degree is the Earth system 

responding to forcing? What are the origins and consequen-

ces of systematic model biases? How can we assess future 

climate changes given climate variability, climate predictabili-

ty, and uncertainties in scenarios? EC H2020 also supports 

the infrastructure behind CMIP and CORDEX through the IS-

ENES projects, allowing Europe to be a key player, in coope-

ration with the US Department of Energy, of the international 

database Earth System Grid Federation and of the metadata 

generation associated. 

The absence of open-source tools that allow community-

wide participation in the preparation of scenario input data 

for CMIP simulations. was identified as major bottleneck for 

the streamlining and communication among various com-

munities involved in delivering research that aims at addres-

sing specific policy questions.  

Each IPCC report emphasizes the knowledge gaps that limit 

how climate science can inform policy on mitigation and 

adaptation. InAR5 for instance, such gaps include model un-

certainties, the risk of irreversibility or of abrupt events, and 

the risk of permafrost thawing and ice sheet melting. It would 

be important that Horizon Europe kept supporting science to 

address knowledge gaps also after AR6. First results from 

CMIP6 projections (CRESCENDO project) show somewhat 

higher climate sensitivity compared to CMIP5, indicating that 

global warming may be stronger than previously thought 

given a certain level of forcing. Understanding the origin of 

such differences will be important to go further in mitigation 

and adaptation strategies. 
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Research needs 

Supporting CMIP7 internationally coordinated experi-

ments   

EC Horizon Europe contribution could be essential in suppor-

ting the cooperation and international leadership of the Euro-

pean scientific community facing the preparation of the inter-

national 7th CMIP cycle (CMIP7), which will be used in future 

IPCC Assessment Reports. Although it might be too early to 

indicate the objectives of CMIP7 (as they will be formulated 

after the conclusion of IPCC AR6, to be delivered in 2021), we 

can anticipate that the provision of multi-model projections 

with the most up-to-date, well-evaluated climate models will 

be important to inform mitigation and adaptation policy in 

support to the UNFCCC. For example, as emphasized in the 

IPCC Special Report on 1.5°C, climate simulations for low-

emission scenarios such as a 1.5°C world are still missing. 

Defining and preparing simulation protocols   

Definition and preparation of CMIP cycles, and in particular of 

simulation protocols and forcing conditions, represent a joint 

international community effort under WCRP, done, however, 

on a voluntary basis and lack dedicated support, as recently 

emphasized by WMO1. Preparing the greenhouse gases as 

well as aerosol and land-use forcing conditions for the expe-

riments requires close cooperation between the climate mo-

delling community and the integrated assessment communi-

ty. For CMIP6, these forcing conditions have been delivered 

quite late, only one year prior to the deadline for publications 

in AR6. The support of H2020 in this process with emphasis 

on open-source methods and publicly available tools would 

substantially improve the overall chain and increase the 

amount of time available to model analyses prior to AR7.  

Addressing IPCC knowledge gaps 

In AR6, Working Group I will assess research gaps that cli-

mate modelling can help address. The Special Report on 1.5°

C already assessed some, such as the impacts of different 

overshoot scenarios (see Climate Modelling recommenda-

tion on informing mitigation policy), critical thresholds for 

extreme events (see Climate Modelling enhancing adaptation 

and resilience). Other gaps not yet covered include Antarctic 

ice sheet dynamics uncertainties and their role on global sea 

level, the role of ocean circulation changes and of changes in 

ocean chemistry between 1.5 and 2°C and their implications 

on natural and human systems. 

 

Links and synergies 

Supporting the CMIP/CORDEX cycles would occur in close 

cooperation with WCRP and the IPCC.  These experiments 

are also reference simulations for Copernicus Climate Chan-

ge Services. 

 The European contribution to the WCRP experiments 
and their contribution to the IPCC AR7; 

 European leadership to the overall experiments, allo-
wing the exploration of novel, societally relevant, re-
search questions; 

 Support to address key knowledge gaps strongly 
affecting mitigation and adaptation policy. 

Expected outcomes 

1 WMO Support to IPCC and climate science, June 2019  

http://meetings.wmo.int/cg-18/_layouts/15/WopiFrame.aspx?sourcedoc=/cg-18/InformationDocuments/Cg-18-INF07-3(3)-SUPPORT-IPCC-CLIMATE-SCIENCE_en.docx&action=default


Informing climate mitigation policy: scenarios with risk of overshoot    

Climate model projections of possible future climate change are essential to assess plausible routes to reali-

zing key policy goals, such as the Paris Agreement, and to investigate the consequences of exceeding such 

targets. Even though many countries signed the Paris Agreement, the risk of reaching global warming greater 

than 1.5 or 2°C, at least temporarily before returning below the target, remains high. Further research enhan-

cing the level of process realism and the representation of uncertainties in models and developing a larger 

range of likely and feasible overshoot scenarios is needed. This will be essential to assess and inform on the 

risks of overshooting 1.5 or 2°C and associated impacts as well as to understand the interference of possible 

abrupt events and the impacts of aggressive mitigation actions.  

#2. INFORMING CLIMATE MITIGATION POLICY 

 

Contribution to the vision 

The 2015 Paris Climate Agreement aims to hold global war-

ming below 2°C above pre-industrial levels and to pursue 

efforts to limit warming to 1.5°C. The IPCC Special Report on 

1.5°C showed that the difference between these two levels  is 

critical for the well-being of billions of people. Actions to limit 

both the magnitude and rate of  global warming and of its 

related effects are already in force and need to be rapidly 

enhanced. Nevertheless, there is a real danger that global 

warming exceeds 1.5 or 2°C, before possibly returning below 

these levels through aggressive mitigation. Depending on the 

degree of overshoot, a range of Earth system changes may 

result, some of which may push the system further from the 

target warming, while also negatively impacting human and 

natural systems. Furthermore, it is unclear whether such 

changes, once triggered, will be reversible if warming returns 

below the original target.    

 

Background: lessons learned and gaps 

Aggregation of current national greenhouse gases emission 

pledges, combined with estimates of climate sensitivity, sug-

gests a probable global warming of 3-4°C by 2100. Given 

observed warming is already ~1°C above pre-industrial va-

lues and emissions of CO2 continue to increase, keeping glo-

bal warming below 1.5 or 2°C will be an enormous challenge. 

Even the most ambitious futures cannot exclude an 

overshoot of one or both targets with high probability. Critical 

questions arise from this: 

 If global warming exceeds either 1.5 or 2°C, what level 

of negative emissions would allow to reverse it, what 

impacts will such negative emissions have on other 

Earth system parts? What are the Earth system cons-

traints on returning to a desired temperature level of 

warming by 2100 after an overshoot? How are climate 

impacts of exceeding critical warming levels of 1.5 

and 2°C exacerbated or mitigated by the impact on the 

full Earth system of the negative emissions?  

 If a warming overshoot occurs, will any abrupt or rapid 

changes in the Earth system be triggered and, if so, 

will these amplify the warming, increasing the challen-

ge of returning to a given target? What degree of 

overshoot is associated with what level of risk for trig-

gering such abrupt changes and at what level of war-

ming overshoot are the triggered changes likely to 

become irreversible, even if the warming target is re-

turned to at a later date?  

As emphasized in the IPCC Special Report on 1.5°C, knowled-

ge gaps on mitigation pathways compatible with 1.5°C are 

associated with the carbon cycle response, in particular with 

respect to negative emissions, non-CO2 emissions, which 

emissions, disaggregation and climate response are less well 

quantified, and an appropriate historic baseline. Addressing 

current uncertainties in carbon cycle and feedbacks is crucial 

to identify whether emissions have peaked and to verify the 

effectiveness of negative emissions. 
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Research needs 

To answer these questions and thereby improve science gui-

dance for policy-making, three complementary develop-

ments are necessary, mainly based on climate models inclu-

ding a representation of the carbon feedbacks.  

Enhancing the level of process realism of state-of-the

-art Earth system models  

At the heart of understanding and predicting the risks and 

potential magnitude of a warming overshoot are realistic and 

reliable ESMs. Such models can also be used to develop po-

tential mitigation routes back to a given warming threshold if 

exceeded, including analysis of the impact such mitigation 

options will have on Earth’s natural and human systems. Ne-

cessary model improvements include: improved representa-

tion of terrestrial and marine climate and carbon cycle proce-

sses, in particular land use change, permafrost, wetlands, 

wildfires, and processes controlling the future efficiency of 

natural carbon uptake. Improved treatment of short-lived 

climate forcers will allow assessment of the mitigation po-

tential from their rapid reduction. Interactive ice sheet models 

within ESMs will enable analysis of the risk of rapid Antarctic 

and Greenland ice loss and impacts on global sea level. In-

creased model resolution will improve simulation of the key 

dynamical modes in the climate system at risk of rapidly 

change. As the risk of a warming overshoot, its magnitude, 

and the associated potential for abrupt and irreversible chan-

ges all scale with the amount of warming, processes under-

pinning uncertainty in estimating Earth’s climate sensitivity 

also need to be prioritized. 

Better representing uncertainties in model response 

Due to their complexity, only a limited amount of ESM simu-

lations can be performed. This limits the range of uncertain-

ties that can be systematically explored. Adding processes 

will only exacerbate this problem by making models more 

computationally intensive. Novel ways to explore parametric 

and structural uncertainty in ESMs will be essential to assess 

the risks of overshoot scenarios, where the risk is not found 

in the best-estimate behavior, but in low-probability high-

impact outcomes.  

Developing a set of overshoot scenarios   

Within CMIP6, only one overshoot scenario was developed 

alongside two scenarios designed to limit global warming 

below respectively 1.5 and 2°C. A larger range of likely and 

feasible overshoot scenarios need to be developed.  These 

should be based around the 1.5 and 2° C targets and sample 

a broad range of overshoot pathways, as well as different 

modes and rates of cooling pathways that bring global tem-

peratures back to the target warming. Sampling these scena-

rios with state-of-the-art ESMs will provide critical knowled-

ge on the risks associated with exceeding key targets and the 

level of risk associated with different magnitudes of excee-

dance. Such simulations will also provide guidance on the 

feasibility, cost and impacts associated with the global co-

oling “return to safety” part of different overshoot scenarios, 

including the potential impact of the required mitigation acti-

vities, including geoengineering, on the natural and human 

parts of the Earth system. 

 

Links and synergies 

The proposed developments should be implemented in sy-

nergy with WCRP and IPCC, Future Earth and AIMES. The 

results will provide information to mitigation pathways and 

support UNFCCC process. 

 Assessment of the risks inherent in exceeding target 
global warming levels, such as the 1.5 and 2°C tar-
gets; 

 Estimate of the achievability, and preferred type, of 
mitigation to return from different levels of warming 
overshoot; 

 Identification of the impact of such efforts on both 
Earth system and human activities; 

 Estimate of the degree to which Earth system chan-
ges, triggered during the warming part of an 
overshoot pathway, are reversible over the cooling 
part of these scenarios; 

 More robust policy advice on these topics. 

Expected outcomes 



Enhancing adaptation and resilience to extremes   

Despite improved understanding of extreme events, including general agreement that different types of extre-

mes, such as heat waves and heavy precipitation are expected to increase in frequency and intensity in a war-

ming climate, further research is needed to address the remaining large uncertainties with regard to regional 

patterns and magnitude of changes. For other extremes, such as wind storms, even the signal of future chan-

ge should be investigated in many regions including the North Atlantic and the European region. It is foreseen 

that very high spatial resolution climate models at the km scale can contribute to a breakthrough in represen-

ting extreme events. 

#3. ADAPTATION AND RESILIENCE TO EXTREMES 

 

Contribution to the vision 

Extreme events are a strong concern due to their high im-

pact. How infrastructures, cities, human health and ecosys-

tems are going to be affected and how to ensure them to be 

resilient or adaptive enough to changes in extremes requires 

better information on possible hazards. Future very high-

resolution climate models are expected to provide reliable 

estimation of the risks of weather and climate extremes, on 

scales ranging from local to global and from seasonal and 

yearly to multidecadal under different emission scenarios. 

Such information will be a key constituent in future European 

climate services, thereby better enabling a sustainable and 

resilient society. 

 

Background: lessons learned and gaps 

Despite improvements, current climate models show biases 

in their representation of extremes. Examples include the 

representation of storm tracks over the Atlantic, the frequen-

cy and intensity of large-scale atmospheric high-pressure 

systems, the representation of teleconnections or land-

atmosphere interactions. Increased model spatial resolution 

has already shown their capacity to improve the representati-

on of extremes, such as tropical cyclones (~20 km resolution 

for global climate models, PRIMAVERA project). Such high-

resolution global climate models are currently run in ensem-

ble mode, mostly smaller than 10 members, but examples 

from Japan have run 100-ensemble member global climate 

experiments. Further increased resolution to better resolve 

key processes like atmospheric convection and ocean eddies 

is expected to make a step change in the reduction of some 

of these biases. For example, atmospheric convection is 

treated in a simplified manner by crude parameterization 

methods in current climate models (operated on grid spacing 

coarser than 10 km). In very high-resolution models (with 

grid size of the order of 2 km or less) explicitly representing 

convection, intense precipitation events are more realistic 

and possibly increase stronger with warming than in corres-

ponding coarser scale models. Other improvements may 

involve better process understanding and description such as 

the incorporation of all relevant processes in different parts 

of the climate system. However, global climate models with 

grid spacing of ~2km can currently only be run for too short 

duration for climate studies.  

Large ensembles of climate model simulations have been 

shown to allow for more robust estimates of climate variabi-

lity, and thereby better possibilities of identifying climate 

change signals compared to the underlying noise. This is 

particularly true for extreme events with long return periods 

as these are rare by definition and therefore require large 

samples for robust statistical assessments. This is also often 

true for compound events, when a hazardous event is caused 

by concurrent events in two different variables. This could for 

example be a storm surge hitting a coast at the entrance of a 

river experiencing a precipitation-driven flooding event. The 

large ensembles have also led to improved capabilities for 

event-based attribution studies. 
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Research needs 

Improving the representation of extremes 

Research is needed to improve the confidence in the simula-

ted changes in weather and climate extremes. This involves 

better understanding of how existing model biases affect the 

representation of extremes regarding the intensity and fre-

quency of hazards, including the co-variability of different risk 

factors, and ultimately reducing the biases. Achieving this 

requires detailed evaluation of the mechanisms driving cli-

mate extremes in the models in comparison to observations, 

and how different representations of these mechanisms in-

fluence the simulated extremes. 

Towards very high-resolution global climate models  

Preparing a future generation of climate models at a very 

high resolution able to explicitly represent deep convection 

and ocean eddies (km range), is expected to make a step-

change in the representation of extremes. This will require 

not only model developments but also research and develop-

ment to better adapt models for exascale computing inclu-

ding optimized hardware-software linkages and for data 

handling at unprecedented scales, as is proposed in the Ex-

tremeEarth flagship concept2. Such developments would 

benefit from interdisciplinary approaches with software and 

hardware specialists. This objective would benefit from inter-

mediate steps with coordinated very-high resolution experi-

ments with limited spatial domains and atmosphere-only 

models. The ambitious European initiative on High-

Performance Computing (EuroHPC) should offer an opportu-

nity to address this challenge. 

Developing reference observational datasets  

High-resolution modeling also requires better reference data 

sets for model evaluation purposes and data analysis tools 

and methodologies that scale with the size of the data sets 

produced by the models, that is, also capable of running on 

exascale facilities. This includes that sufficient resources are 

invested to create new, and to improve existing observational 

data sets (including data rescue projects for historical re-

cords, homogenization of data in time and space across Eu-

rope, deriving combined products including remote sensing 

products, gridding data etc.), and to further develop and pro-

duce high-resolution regional reanalysis data sets. 

 

Links and synergies 

Facing the open questions related to the extremes will be of 

benefit for initiatives such as WCRP grand challenge on ex-

tremes, Copernicus climate services providing access to pro-

jections as well as the forthcoming service on event-based 

attribution, the Horizon Europe mission on adaptation, COR-

DEX especially EURO-CORDEX and the Flagship Pilot Study 

on convection-permitting global climate models.  

 Improved forecast quality on a range of timescales; 

 Better information for climate services thereby facili-
tating climate change adaptation; 

 Higher resilience to extremes throughout Europe 
including the most vulnerable regions; 

 Enhanced capability of event-based attribution servi-
ces. 

Expected outcomes 

2  www.extremeearth.eu  

http://www.extremeearth.eu


Supporting the formulation of adaptation strategies 

Adaptation strategies need tailored information on climate and impacts at local scale and, for most users, 

ranging over time scales from seasons, years to decades up to centuries, under different emission scenarios. 

Climate models provide essential information, which however, needs to be tailored to provide adequate infor-

mation to assess local impacts. To suit the expectations of most users in terms of systematic availability of 

impact-oriented projections and up-to-date near-term predictions downscaled to local scale, process un-

derstanding, models and infrastructure, and downscaling need continuous support. In addition, guidance is 

needed for selection, aggregation, and use of the local climate information. 

#4. SUPPORTING ADAPTATION STRATEGIES 

 

Contribution to the vision 

Sustainability and resilience can only be achieved with robust 

information on future climate risks and understanding of the 

associated uncertainties and probabilities at the regional to 

local scale.  

Seamless high-quality information of near-term climate pre-

dictions and long-term projections under different emission 

scenarios, branching off historical observational records, is 

needed. 

 

Background: lessons learned and gaps 

A growing number of users are realizing that options to redu-

ce their vulnerability to climate change impacts are concen-

trated in a planning time range of a few years. In this context, 

decadal predictions emerge as a key source of information. 

To improve the skills of such source of information, invest-

ments in resolution, model complexity, initialization, and bias-

correction have been made. Large ocean regions show skill-

ful predictions, but improvement of forecast quality with res-

pect to climate projections over the continents has remained 

limited. Issues that prevent forecasts reaching their predicti-

ve potential are well-identified3, but efforts to tackle them are 

scattered, without effective coordination. Despite the initial 

stages for the operationalization of decadal forecast sys-

tems, there are important gaps for the development and up-

take of action-oriented products that could be made regu-

larly, publicly available. On the other hand, the availability of 

an increasing ensemble of model simulations has improved 

the climatology of (extreme) weather characteristics in con-

temporary climate conditions, supporting many risk assess-

ment applications relying on adequate climate statistics.  

Despite a continuous increase in space and time resolution 

of output fields from models, users continue giving priority to 

even higher resolution for adaptation studies, as it enables 

improved representation of the regional climate. Therefore, 

for impact, vulnerability and adaptation studies, dynamical 

and statistical downscaled results are probably the most 

used data. For example, many of the Copernicus Climate 

Change Service (C3S) Sectoral Information Systems use high

-resolution regional EURO-CORDEX datasets to support pu-

blic and private sectors in their climate-sensitive decisions, 

but additional efforts to improve this availability is a prerequi-

site for better adaptation planning.  

Long term projections under different scenarios and near-

term predictions of climate system variables generated using 

climate models are used to assess impacts from climatologi-

cal indicators or sophisticated impact models. Although mo-

dels have extended their list of output variables, essential 

climate variables (ECVs) –predominantly temperature and 

precipitation– are mainly used. Increased focus on other al-

ready available variables4, or further development of some 

model components to include additional processes, will po-

tentially provide stronger support for adaptation.  

An important bottleneck for using advanced climate model 

products is the varying uptake capacity of users, due to tech-

nological and conceptual limitations. For many local impact 

assessments carried out by policy-oriented players, resour-

ces to digest large volumes of data are limited. In addition, 

the availability of an ever-increasing set of scenarios and 

projections generates either a selection challenge or a lack of 

ability to effectively inform the decision process. Guidance on 

selection and aggregation of climate information is needed, 

aiming at optimizing usability.  
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Research needs 

Improving decadal prediction  

Europe’s strong interest in decadal prediction is expressed by 

the European participation in the global Annual-to-Decadal 

Climate Prediction exchange program. However, more ambi-

tious and wider scope initiatives, leading to operational for-

mulation of decadal forecast products, are needed. Better 

process understanding, better models and an adequate in-

frastructure design are crucial to overcome current limitati-

ons and close the gap between current skill and potential 

predictability estimates, especially on continental areas. This 

can be achieved with the analysis of process-based studies 

to improve the representation of ocean processes, key linka-

ges, teleconnections, and short-term forcing. The role of the 

forecast drift5 and the potential for the combination of pro-

cess-based and statistical predictions are both critical to 

produce usable information at the regional scale.  

Downscaling climate data   

Improving the design of and access to the model chain from 

global to local scales will meet the needs for local climate 

data and coherently map drivers, uncertainty, robustness and 

feedbacks of climate projections. Increasing the ensemble 

size of regional projections will lead to better uncertainty esti-

mates, especially those related to extremes that are better 

represented in high-resolution models but the associated 

computational costs need to be balanced by the scientific 

and socio-economic benefits. The design of the configura-

tion of global and regional model simulations needs to be 

optimized to maximize their respective added value6. The role 

of high-resolution convective-permitting models in this 

chain7 needs to be explored.  

Further developing and exploiting climate models for 

impact studies   

There is a need to strengthen the interactions between clima-

te models and climate impact modelling.  Climate models 

provide a large amount of information that is currently unex-

plored by the climate impacts community. Better exploiting 

ESM variables can enhance consistency with impact models 

and avoid potential mismatches. Moreover, aiming at impro-

ving the ability to represent the climate system and human 

interventions, ESMs increasingly include feedbacks related to 

land use and cover, urban dynamics, air quality, etc., which 

can affect climate model simulations at regional scale. This 

approach needs enhanced focus on model evaluation and 

output post-processing.  

Optimizing aggregation, selection and ingestion of 

model outputs    

The implementation of region-oriented climate information 

programs requires guidance on selection or aggregation of 

model data for impact assessments, with clear justification 

of the procedures, allowing transformation of uncertainty into 

a manageable package of information. Selection or aggrega-

tion should be based on region- and time-scale specific dri-

vers of climate impacts, and must also be consistent with the 

local historical records. In practice, tools to assess climate 

impacts for the future are rooted in management systems 

that are trained to local conditions and data. A seamless in-

gestion of climate information into these systems will surely 

promote the uptake and use of the valuable climate model 

outputs.  

 

Links and synergies 

C3S would be a strong beneficiary of these developments. 

They will provide information for the climate data store on 

regional climate projections and on decadal predictions and 

sectorial impacts. 

Moreover, new synergies could be explored and exiting ties 

strengthened with WCRP Grand Challenge on decadal predic-

tion, WMO Annual-to-Decadal Climate Prediction operational 

exchange, WCRP Decadal Climate Prediction Project.  

 Enhanced decadal prediction skill to boost the fore-
cast quality in regions and for variables of higher 
societal relevance. Methodologies to merge simula-
tions from climate predictions and projections to 
result in seamless climate information for the next 
30 years; 

 Sustained model chain from global to local scale 
(and vice versa) to provide more homogenous infor-
mation, regularly produced in the most efficient way, 
fulfilling needs from users that are expecting best 
possible information for adaptation planning ; 

 Stronger links between ESMs and impact modelling 
to provide more robust support for adaptation stu-
dies. This will also lead to better understanding of 
interactions between climate system and other natu-
ral and socio-economic systems. 

Expected outcomes 

3  E.g. suboptimal initialization, small ensemble size, lack of esta-
blished benchmarks, little knowledge on regional impact of short-
term forcing such as aerosols. 

4 Such as primary production on land and in oceans. 

5 Including improved initialization and the forecast adjustment. 

6 As emphasized in the C3S roadmap for climates services. 

7 Particularly their spatial configuration and experimental set-up 
(i.e. long projections, time slices or idealized simulations).   



Understanding requirements, decision-making context and foresight for 

climate services 

Climate services can be understood as “future makers” and “future enablers” to support resilient societies. 

For doing so, it is key to understand users’ requirements and their decision-making context. This will further 

strengthen the role of climate services as “supporters” for science-based decision-making towards sustaina-

ble futures. Climate services research should contribute to increasing knowledge towards reaching societal 

goals and should be understood as crucial to develop future sociotechnical imaginaries and foresights. For 

this to happen, there is a need to trigger cross-pollination between social and natural sciences to include the 

human dimension into climate services research. This will be instrumental to address issues such as advan-

cing decision-making, co-design, and communication issues.  

#5. UNDERSTANDING THE CLIMATE SERVICES CONTEXT 

 

Contribution to the vision 

Climate Services (CS) are key in supporting European so-

cieties towards resilient and sustainable futures. Neverthe-

less, the entry points for climate services into societal deci-

sion-making process have to be more clearly articulated to 

allow for coherence and integration of climate-related the-

mes across sectors. Only by understanding and integrating 

society in the research agenda we can develop high impact 

science that will support this transition towards resilient so-

cieties. We should aim at increasing not only the Technology 

Readiness Level of CS but also their Market and Institutional 

Readiness Level.  

 

Background: lessons learned and gaps 

The field of climate services has been extremely important in 

conveying to societal actors, and in particular to businesses, 

that climate change can be seen on a shorter-term perspec-

tive, giving it a more salient time frame. Climate services re-

search (CSR) provides understanding of what is needed 

when it comes to the risks and opportunities related to clima-

te change. Additionally, CSR provides important scientific 

support for enabling the sustainable development goals 

(SDG) vision within climate change constraints. CSR contri-

butes to increasing knowledge towards reaching societal 

goals and should be understood as crucial to develop future 

sociotechnical imaginaries and foresights for adaptation 

and/or transformation efforts in the face of climate change. 

For this to happen, we need cross-pollination between social 

and natural sciences to include the human dimension into 

CSR. So far, however, the role of social sciences was rather 

marginal or over-simplified, with a purpose-driven applica-

tion limited to stakeholder engagement. Having interdiscipli-

nary research teams, with good representation of social 

scientists and other disciplines, must be the ambition of the 

next generation of CSR and innovation. This will involve signi-

ficant rethinking and reshuffling of disciplines, deviating from 

the dominance of the physical sciences and moving beyond 

dualism of the natural and social (science) in CSR discourse 

and perspectives.  

Important gaps have been identified in existing projects on 

CS (and others) showing in which direction research should 

further be developed.  One important gap identified in CS im-

plementation is the language barrier.  This does not only in-

clude the dominance of English in CS production, but also 

inadequate or lacking conversion of the scientific and profes-

sional language to the one of stakeholders.  Further research 

will be needed towards properly addressing the issues of 

adaptation decision-making under deep uncertainty and am-

biguities. Another important gap relates to the need of un-

derstanding governance structures and where CS can enter 

this structure to be used into wise decision-making. An addi-

tional gap for research remains in the field of the economics 

of information, analyzing the needs and added value of 

downscaling efforts for different decision-making context 

depending on different temporal and local scales. 
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Research needs 

Fostering social sciences and transdisciplinarity in CS 

The way co-production is undertaken should be grounded in 

participatory research, with clear guidance on how to plan 

and manage collaborative activities, frameworks in which to 

examine stakeholders’ decision contexts and concerns, and 

guidance on resources required to undertake collaborative 

research. CSR should foster transdisciplinarity, by overco-

ming of compartmentalized concerns and transgressing of 

disciplinary boundaries, while at the same time considering 

the domain and other forms of stakeholders’ knowledge and 

their needs and interests at stake. 

Research on sociotechnical imaginaries for resilient 

futures  

CSR should support the creation of imaginaries of resilient 

futures explicitly combining social and technical knowledge 

needed to support the pathways towards those futures. The 

main research needs are on the link between the subjective 

dimensions of knowledge inclusion and the relative lack of 

flexibility of technological and political systems, organizatio-

nal behaviors and political culture. In addition, CSR can sup-

port the analysis of leverage points that are key to support 

transformations towards resilient societies.  

Providing decision support, understanding policy-

making context and dealing with uncertainties and 

ambiguities  

Decision support demands a more active role of scientists in 

understanding the culture and context in which decision-

makers operate. Besides managing the physical and material 

risks of climate change, policy-making also includes mana-

ging risks to political systems and their legitimacy, so-called 

reputational risks. Framing the vision of CS as a service that 

can support the legitimacy and stability of adaptation gover-

nance systems and its actors could be a way for their more 

effective communication to policy-makers. This will mean 

also mainstream CS across political fields and the creation of 

non-canonical CS in situations in which the climate data 

availability is restricted but the stakes are high. This will sup-

port decisions under deep uncertainty. Additionally, different 

decision-makers might have completely different visions of 

solutions to the same problem. Analyzing ambiguities would 

help to reduce the complexity of the system and increase the 

effectiveness of policy measures implementation.   

Advancing climate services communication  

CS communication needs to move away from the knowledge 

deficit model, which assumes that by providing adequate 

information to stakeholders they will act upon scientific evi-

dence. Instead, each audience has their own pre-existing 

beliefs, attitudes and values as well as their authoritative 

knowledge brokers. Science communication research in CS 

will benefit from a better understanding of inter- and intra-

sectoral differences and should develop research lines 

around the following three challenges: (i) seeking more effec-

tive methods to communicate uncertainty; (ii) identifying and 

testing optimal communication strategies; (iii) exploring and 

evaluating new communication tools, such as gamifications. 

 

Links and synergies 

Other studies under the Belmont Forum and Future Earth 

might mutually benefit from such research efforts. Additiona-

lly, this research could contribute to the IPCC reports and 

other emerging UN programmes by bringing European trans-

disciplinary research to those processes.  

Existing projects and case studies could be used as basis for 

the development of some of the mentioned gaps and re-

search needs. International networks on climate services, 

such as the Climate Service Partnership or the Global Frame-

work for Climate Services (GFCS) should be included in future 

research. 

 

 

 

 

 Enhanced climate policy coherence through the use 
of climate services. Higher inclusion of social scien-
ces into CSR and support to cross-pollination of 
methodologies towards the creation of socio-
technical imaginaries for possible adaptation or 
transformation processes for the next 30 years;  

 Creation of robust methodologies and best-practices 
for the implementation of CSR at the local level con-
sidering issues of upscaling and uptake; 

 Stronger links between different scientific fields to-
wards the development of canonical and non-
canonical climate services to provide more robust 
support for adaptation studies;  

 Better understanding of the readiness levels 
(scientific, business and institutional) of climate ser-
vices to increase the uptake of research results and 
the transverse impacts of CSR;  

 Enhancement of communication and knowledge 
brokerage of CSR; 

 Solution oriented demonstration projects to test and 
evaluate the suggested measures to fill the research 
gaps. 

Expected outcomes 



Enhancing diffusion of innovation and information for climate services   

So far, the development of many climate services related to climate change and seasonal to decadal predic-

tions has culminated in the creation of case studies based on the past and some semi-operational and opera-

tional services. Many climate services have only gradually transitioned from technology development 

(Technology Readiness Level TRL3 proof of concepts or case studies in the past) to technology demonstra-

tion (TRL5, such as semi-operational prototypes). It is strategically important to move the climate services 

demonstrations to technology readiness level 7 to 9 that include the demonstration of the services in an ope-

rational environment, i.e. the operationalization of these climate services. 

#6. CLIMATE SERVICES INNOVATION & INFORMATION 

 

Contribution to the vision 

For nations to meet their sustainability targets, a step-

change is needed in the adoption of innovative technologies. 

The current trend is for incremental innovation, with a prefe-

rence for low-risk approaches of improving existing proces-

ses rather than adopting completely new methods and trans-

formational adaptation. The operationalization of climate 

services will facilitate the adoption of innovative practices in 

order to help foster a climate resilient economy in the longer 

term. 

 

Background: lessons learned and gaps 

Adaptation is only possible if climate information is transla-

ted into products that are useful and useable for end-users. 

However, the availability of climate data, information and ser-

vices does not always correspond to users' needs. Decision-

makers take into account many sources of information besi-

des climate; future climate services should explore how such 

sources of information can be combined to address particu-

lar decision-making problems. This could also mobilize other 

user communities for whom demonstration projects are not 

currently feasible. 

Incremental change in business practice is not sufficient for 

countries to meet their climate pledges: step-change is nee-

ded. Innovation can catalyze this change, either through 

‘product innovation’ (a new product or service) or ‘process 

innovation’ (a new way of making something). In addition to 

incremental innovation, future research on climate services 

should enable the business sector to adopt disruptive inno-

vation, creating new markets for climate-resilient businesses. 

To fill these gaps and foster the diffusion of innovation there 

are three main lines of action: first, showcasing the benefits 

of climate services with proof-of-concepts, highlighting the 

potential of product innovation at the operational level. Se-

cond, process innovation must be fostered, researching un-

derlying technical innovations for more effective impact-

oriented climate services. Finally, improvements are needed 

to our understanding of how to reduce the barriers to the 

diffusion of climate innovation in Europe (e.g. corporate iner-

tia, regulatory uncertainty, incrementalism, and competition 

regulations8). 
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Research needs 

Developing operational demonstrators  

Future research should focus on operational demonstrators 

as real-time service environments where climate information 

is integrated with non-climatic datasets, yielding operational 

services supporting decision-making processes. Co-

production between all partners will prove the potential of 

these services at the market level. Testing by real users will 

inform research needs in terms of data visualization and in-

tegration, communication of probability and uncertainty. 

Operationalization of climate services is a challenge given the 

amount and size of the datasets. Research and innovation 

actions in this field will facilitate creation of guidelines and 

lessons to improve understanding of costs and technical 

pitfalls that must be addressed before creating marketable 

services. Mature operational demonstrators for multiple sec-

tors will pave the way for market uptake of climate services.  

Blending timescales in climate services   

Recent advances in climate predictions, following the seam-

less prediction concept (sub-seasonal, seasonal, and deca-

dal) have demonstrated that probabilistic forecasting can 

inform better decision-making. Future research and innova-

tion actions should request the technical development of 

methods and services that focus on different temporal scales 

for seamless predictions of climate indices and tailored pro-

ducts consistent across temporal (from sub-seasonal up to 

projections) and spatial scales. Additionally, research should 

include evaluation of how these technical developments con-

tribute to the mitigation of the impacts of weather and clima-

te variability or how they help to define adaptive measures. 

These research lines should focus on key sectors of society 

not only in Europe, but also other regions worldwide where 

climate predictions are more skillful and thus have a clearer 

potential application.  

Understanding and overcoming barriers to climate 

services innovation   

The US is usually seen as the benchmark of successful en-

trepreneurs and innovative ideas; even though Europe boasts 

more entrepreneurs per capita than the United States9, Euro-

pean companies often encounter problems in scaling up. 

This confines innovation to local economies. Future research 

should analyze the role of regulatory frameworks, lack of ca-

pital and other barriers that slow down the growth and the 

spread of innovation in relation to climate services and the 

adoption of climate services in the market10. By observing the 

differences in exploitation of climate services between Euro-

pe and other areas such as the US, recommendations may 

be created for overcoming Europe’s barriers to adoption of 

climate services. Inclusion of US partners in research pro-

jects on these topics could help foster the learning and adop-

tion of successful approaches and at the same time opening 

European climate services innovation to other markets more 

prone to the uptake of climate services. 

 

Links and synergies 

Future research projects should take into account and where 

possible build upon/build synergies with activities under-

taken by Climate-KIC, JPI Climate and Copernicus. 

Additionally, future research collaborations that include in-

dustry partner buy-in, and national meteorological services, 

will better enable uptake of innovation. 

  

 Generation of examples of successful adoption of 
operational climate services, to incentivize the clima-
te services market and find gaps in knowledge at the 
operational level;  

 Blended timescales to provide information that is 
more relevant for businesses; 

 Elimination of the barriers to adoption of innovation 
in climate services in Europe, using examples from 
the US as a guide. 

Expected outcomes 

8 Barriers to diffusion of climate innovation, adapted from a study 
by Climate-KIC (http://www.nakedenergy.co.uk/wp-content/
uploads/2015/12/Climate-KIC-_Sparking-an-innovation-step-
change-2.pdf). 

9 OECD (2016). Entrepreneurship at a Glance 2016; Paris: http://
www.oecd-ilibrary.org/industry-and-services/entrepreneurship-at
-a-glance-2016_entrepreneur_aag-2016-en. 

10 Lisbon Council, Nesta, Open Evidence (2016). Scale Up Europe: A 
manifesto for change and empowerment in the digital age.   

http://www.nakedenergy.co.uk/wp-content/uploads/2015/12/Climate-KIC-_Sparking-an-innovation-step-change-2.pdf
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Assessing the value of climate services   

Climate services can help society to avert the negative effects and embrace the opportunities related to cli-

mate change and climate variability. The value of climate services can be considered from an ecological, so-

cial, ethical, and economic point of view. The prevailing view is that, overall, the benefit potential of currently 

available climate services is as yet poorly exploited. A better understanding of the underlying values, expected 

and potential, is needed to increase the uptake of climate services. However, it is also important to un-

derstand why some users undervalue climate services and why they cannot valorize climate services. 

#7. ASSESSING THE VALUE OF CLIMATE SERVICES 

 

Contribution to the vision 

Climate services (CS) are often said to support the sustaina-

ble development goals (SDGs) without clarifying how or how 

this would create value for individual stakeholders/sectors. 

By specifying the various values of CS, this contribution to 

sustainable development can be made clearer. Besides this, 

also understanding the barriers to valorizing these potential 

benefits is essential to reach the SDGs.  

 

Background: lessons learned and gaps 

The prevailing view of experts in the field is that, overall, the 

benefit potential of currently available climate services is as 

yet poorly exploited (EUPORIAS and EU-MACS projects). Over 

the past decades, a large body of knowledge was produced 

on the economic and social value of meteorological and 

hydrological services. These are context- and users-specific 

and easily amendable for value transfer and generalization. 

The Climate Services Partnership (CSP) and especially the 

work of the Economic Valuation of Climate Services Working 

Group has vastly contributed to collecting, reviewing and 

synthesizing the existing knowledge and methodological ad-

vice. 

Climate change prediction and projections, several of them 

freely available, can also be regarded as public goods. The 

merit of these basic services turns into more tangible value 

added when used in downstream climate services, more tai-

lored to specific users. Although the valuation of a given cli-

mate service has several components, which may weight 

differently for different users, generally, expert users are more 

prone to extract value from the available upstream climate 

information (basic information, not tailored to specific users). 

There is urgent need for capacity building to get a wider use 

of the various climate services. Besides this, increasing 

transparency in methodologies and sources and in the clima-

te services portfolio will increase exploitation of the services 

and increase the perception of value. However, users active 

in competitive sectors are not always willing to share much 

information, since it may affect the private value for them.   
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Research needs 

Some studies on the values of CS for single users are availa-

ble, but further studies are needed (including monitoring of 

the market) to understand what determines use and innova-

tion of CS.  

Broadening perspective on the value of CS (economic, 

social and environmental)   

Most climate services can be regarded as merit goods. This 

means that climate services can enable the realization of 

both private benefits and public benefits, but the user only 

valuates the private ones, and even these may be underva-

lued. Without support this results in lower utilization than 

what is possible for society. Most studies until now focused 

on the economic and social value of CS, but the ethical and 

environmental value are important as well. To improve the 

uptake of CS, there is a need to measure and demonstrate all 

values to individuals as well as to society. This also requires 

identifying barriers and enablers that can help the broader 

assessment of the value and eventually facilitate the valori-

zation of the climate services. In essence this is attributable 

to (1) lack of awareness or incentives among potential users, 

or to (2) a very low expected value of the alleged benefits of 

climate services.  

Scaling up effects on the value of CS    

Until now most studies on the value of CS were context- and 

user specific. Studies on how the existing information on the 

values can be upscaled are limited. Since the currently avai-

lable CS are limited in number, it is difficult to determine the 

value of CS when many more CS and CS providers would be 

available. It will be important to investigate how the extension 

of CS provision will influence the actual and perceived value 

of CS. 

Influence of standards, quality assurance, uncertainty 

levels and tailoring for the valuation of CS 

The full use of the merit of CS can be enhanced by agreeing 

on widely shared standards and quality assurance procedu-

res and communication. The use of climate services can be 

originally motivated by operational worries about resilience, 

or by disaster risk reduction goals, or adaptation strategies, 

external regulation, or broader scoped sustainable develop-

ment goals (incl. mitigation). These different motivations can 

cause that very similar core climate information has to be 

packaged and presented in very different ways. Also steering 

a part of the climate model development on the basis of 

feedback from users can further enhance the merit. Research 

is needed to understand how standards, quality assurance, 

tailoring of climate data can contribute to the value of CS. 

Influence of perception and background knowledge on 

valorization and uptake  

Differences in valorization (value attribution) among users 

emerge in terms of capabilities to manage climate related 

information. There is an urgent need for capacity building to 

get a wider use of the various climate services. It will be nee-

ded to understand which knowledge results in a higher upta-

ke.  

Balance between public and private services 

(including ethical issues)    

Increased uptake of climate services does not only benefit 

economically the direct users, but generates social and envi-

ronmental value as well. However, the market mechanisms 

do not account for the benefit of third parties other than 

supply and demand. Within and across sectors heterogenei-

ty, ethical issues and variety of facets of the value embodied 

in climate services (including social aspects) raise the ques-

tion about whether climate services, under certain circum-

stances, should be provided as public services or whether 

and how the market should be regulated. A balance is needed 

between open source services and private services for equi-

table access, innovation, and market development, where 

innovation refers both to the information content of CS and 

to the way of provision. Inequality is fed not only by knowled-

ge gaps, but also by affordability issues that exclude part of 

the potential beneficiaries from the information.   

 

Links and synergies 

The proposed research topics will bring insight to the develo-

pment of the market for climate services and serve GFCS, 

C3S and national climate services.   

  

  

 

 An overview of potential benefits from climate servi-
ces and how they can be measured/estimated, with 
examples and rough estimates of the range; 

 Better evidence of the product merit and identifica-
tion of barriers for uptake, which will be important to 
remedy the low uptake caused by low expected va-
lues. 

Expected outcomes 



Standardizing climate services  

Standards are key mechanisms to guarantee suitability, quality, and performance of technological solutions. 

They also provide common terminology between user, provider, and purveyor communities. The need for qua-

lity control, standards and certification for climate services emerged in consultations with users during the 

design of the European Roadmap for Climate Services. Users argued for standardization of the climate service 

field in order to generate trust across supply and demand, providing the infrastructure for a climate service 

market (public and private). Although there exist standards for some components of climate services, there is 

a need for a coherent and agreed upon set of authoritative standards for the overall value chain, in particular 

for services tailored to users. 

#8. STANDARDIZING CLIMATE SERVICES  

 

Contribution to the vision 

Standardization of climate services can be a critical aspect in 

the transformation towards a sustainable and resilient so-

ciety, given standards enable the fast adoption of technolo-

gies, generate consensus, integrate multiple technologies, 

and contribute to the widespread and comparable use of so-

lutions. In 2013, the European Commission adopted an EU 

Strategy on Adaptation to Climate Change and invited the 

European Standardization Organization to contribute to the 

European efforts aiming to make Europe more climate-

resilient. The strategy highlights the key role of standards in 

securing climate resilience.  

 

Background: lessons learned and gaps 

Although there is an increasingly widespread availability and 

use of “downscaled” climate change scenarios, the lack of 

data with sufficient quality control creates a danger of misre-

presenting the uncertainty of future climate. As climate servi-

ces specific to users are developed, there are no widely ack-

nowledged standards to certify that these are of sufficient 

quality. Standardization of the field will enable Europe to ad-

vance the integration of climate into many other relevant sec-

tors.  

There are standards for meteorological and hydrological ins-

truments and methods of observation mandated by WMO 

enabling exchange of meteorological data and products, and 

also for data and metadata to exchange climate model re-

sults by the WCRP. However, there are only few standardiza-

tion processes in Europe for climate products. Of particular 

importance is the C3S project, in its initiation phase. Quality 

control is a key part of C3S and ongoing projects will provide 

information on gaps and identify next steps required to en-

hance quality.   

The INSPIRE Directive does not have fixed standards but pro-

vides guidance. On the other hand, Open Geospatial Consor-

tium has formal standards. Eurostat’s mission provides the 

European Union with a high-quality statistical information 

service through standardization of statistical methodology, 

statistical data and metadata access and exchange as well 

as data transmission. 

CEN-CENELEC Standardization on Climate Change Adapta-

tion supports the implementation of the EU Strategy on 

Adaptation to Climate Change. The International Organization 

for Standardization (ISO has climate change and related 

standards, as well as standards for software and quality ma-

nagement. The International Committee for Weights and 

Measures ensures that all meteorological and hydrological 

data are based on units traceable to the International System 

of Units. Existing standards for data formats data visualizati-

on and online interfaces are relevant for CS. 

In general, there are more WMO standards (documentation, 

metadata, validation protocols) for observations than for mo-

del-based data. Re-analyses and climate predictions still 

have to develop robust common standards, while under 

WCRP, the CMIP experimental set provides a strong basis for 

model evaluation. CMIP already includes standards for data 

and metadata that are strictly followed by the community. 

However, in many cases, data from re-analyses, climate pre-

dictions and projections are not sufficiently well-

documented, especially regarding how they are or not fit for 

purpose. Standards for decadal and longer-range forecasts 

and projections are not yet set, and procedures for these ti-

mescales remain active areas of research. Verification of 

projections comparing past forecasts with historical obser-

vations is not possible, but it is possible to provide some indi-

cation of the quality of the information, such as how it repre-

sents the uncertainty in the projected climate. In the interim, 
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guidance on best practices is needed because of the large 

uncertainty in forecasts and the potential to underestimate 

uncertainty, especially when computing resources are limi-

ted. IPCC is working on this but it requires wider efforts. 

There are also relevant shortcomings in the standardized 

biological and socio-economic variables and there is a need 

to ensure these data can be adequately integrated with cli-

mate data. Metadata standards exist for some ECVs and net-

works. Where they do not exist, international standards and 

procedures for the storage and exchange of metadata need 

to be extended to all Essential Climate Variable products and 

networks. In addition to metadata, assigning Digital Object 

Identifiers (DOI) to the data and products will enhance their 

traceability and enable estimates of the data’s impact and 

influence.  

  

Research needs 

Establishing and sustaining quality control and stan-

dards 

The need for generating standards and quality control as 

identified in the European Roadmap for Climate Services ha-

ve not been met. There is a need for exploring optimal me-

chanisms for establishing and sustaining delivery of quality 

control and standards; what are appropriate mechanisms, 

including open and licensed standards, with the overall inten-

tion of building and retaining the trust between users and 

providers. These include the need for pilot studies and de-

monstration projects on uncertainty analysis and quality con-

trol with supportive case studies at various levels (national to 

European and global), and delivery domains (public and pri-

vate), including exploration of means of sustaining the requi-

red activities beyond the projects and studies. Metadata gui-

delines to document in a comparative manner climate servi-

ce data sources and processing methodologies are needed. 

Providing best practices and guidance  

Common standards for observations have to ensure that 

data from different instruments and places are comparable. 

The increasing availability of remotely-sensed data from sa-

tellites, radars and other automatic systems makes standar-

dization more urgent. Providing best practices, guidance, and 

standardization of climate model outputs and verification 

methods for long-term forecast products will give indication 

of quality and reliability. In addition, there is a need to identify 

what standards of documentation are necessary for robust 

sectoral decision-making. 

Defining verification and certification methods   

Verification and certification methods, and identification of 

the actors to verify and certify would enhance quality and 

provide trust as well as enhance the use of CS. In addition, 

raising trust can be achieved by developing competence on 

CS and this can be accomplished by providing a review of the 

education qualifications and skills required for climate spe-

cialists and providing educational programs. There is also a 

demand for establishing unified terminology between user, 

provider and purveyor communities.  

 

Links and synergies 

The proposed activities should take place in close coopera-

tion with standardization organizations in Europe and inter-

nationally, GFCS internationally, but also the Climate Service 

Partnership, and JPI Climate and Copernicus. Moreover, links 

should be established to any ongoing efforts to standardize 

elements of CS, such as in the frame of IPCC and WMO.  

  

  

 Quality control measures and standards will be pilo-
ted and their value (related to growing the climate 
service market) demonstrated and recognized within 
the climate service community (users and providers); 

 Unified and legitimate terminology will be settled. 
Documentation guidelines on climate data sources 
and methodology used; 

 Mechanisms for establishing and sustaining the use 
and further development of these quality control 
measures and standards will be explored and their 
value recognized within the climate service commu-
nity. 

Expected outcomes 

11  CEN-CENELEC Standardization on Climate Change Adaptation 

https://www.cencenelec.eu/standards/sectors  

https://www.cencenelec.eu/standards/sectors


Strengthening the links between the Climate Modelling and Climate 

Service communities 

Enhancing and supporting the cooperation between the Climate Modelling and Climate Services communities 

would be of benefit for both communities in term of informing and rationalizing the pull for outputs from cli-

mate modelling and impact communities activities and informing the potential for additional (and potentially 

more) relevant climate services based on research directions and outputs. Both communities could also be-

nefit from shared development in using big data technologies to enhance efficiency in extracting information 

from climate data.  

#9. CLIMATE MODELLING –CLIMATE SERVICES LINKAGES  

 

Contribution to the vision 

Climate services aim at better inform users to enable efficient 

adaptation and increase resilience of social-ecological sys-

tems to climate and environmental change. Strengthening 

the links between climate models and climate services will 

enhance the scientific basis for climate services and ensure 

best exploitation of climate information for the benefit for 

users.  

 

Background: lessons learned and gaps 

As emphasized in the European research and innovation 

roadmap for Climate services published in 2015, “a critical 

element of enhancing the quality and relevance of climate 

services is strengthening the scientific basis of the modelling 

and predictive aspects behind those services”. Climate servi-

ces can benefit for example from enhanced spatial resolution 

and better description of processes in climate models. They 

also highly needed to best account for uncertainty in climate 

projections. Reversely, climate services can help climate mo-

dels better address new scenarios and/or problematics rela-

ted to user needs.  

Although there have been investments under H2020, for exa-

mple through the Climateurope CSA, the ERA-NET for Clima-

te services and other projects, there is a need to go a step 

further in engaging the climate modelling, climate impacts 

and climate service communities to get more mutual bene-

fits. Indeed, climate services have strongly emerged and 

been developed during H2020 and are now in a better stage 

for further engaging with modelling communities in foresight 

capabilities.  

Among common issues, how to best deal with the large 

amount of climate data is central to the whole chain of clima-

te modelling to climate services.  Recent developments in 

artificial intelligence, and in particular in the use of new ma-

chine learning algorithms, create a unique opportunity to ge-

nerate valuable new insights from climate data for climate 

services, to be used in decision-making. 
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Research needs 

Developing common foresight capabilities  

Developing common foresight capabilities towards suppor-

ting socio-technical imaginaries would enable to assess 

existing links and engagement activities of the climate mode-

lling, climate impacts and climate services development 

communities. This would allow identifying strengths, possibi-

lities and gaps, as seen from the perspective of these com-

munities. This would also identify options for delivering bene-

ficial engagement activities with supportive demonstration 

activities, including demonstrating and disseminating an as-

sessment of the realized impacts/benefits. 

Among possible demonstration activities, the climate mode-

lling community should dedicate some of their efforts to be 

able to respond to users helping them to develop their socio-

technical imaginaries towards resilient futures. In terms of 

transdisciplinary approaches, the climate modelling commu-

nity should support the inclusion of non-formal knowledge 

into the process and the development of capacity building 

steps designed together with social scientist to get the maxi-

mal possible increase of capabilities by users. This includes 

communication on what models are good at (or not) and how 

they can be used for decision-making. Together, climate mo-

delling and climate services should develop a better way of 

handling and presenting uncertainty in climate projections as 

well as strengthen common evaluation methodologies. They 

could also jointly design simulations to better address user 

needs. Climate services on their side should investigate how 

to include more services from new developments in models. 

Benefitting from artificial intelligence approaches   

Special emphasis should be placed on the possibilities that 

machine learning and artificial intelligence offer for both cli-

mate modelling and climate services. On one side, it can pro-

vide improvements of process-representation in climate mo-

dels and on the other side, help data analyses, for example by 

tailoring climate model data to the specific needs of different 

socioeconomic sectors in support to climate services.  Ma-

chine learning will in particular be needed in two essential 

research issues concerning both climate modelling and cli-

mate services communities: extreme events and observatio-

nal gaps. By definition, both issues are limited by observation 

scarcity and would benefit from learning approaches to bet-

ter exploit observations and model results.  

 

Links and synergies 

Research on these topics will be of benefit for both WCRP 

and Climate Services initiatives (GFCS, Copernicus) as well 

as for other international efforts addressing similar connec-

tions. 

 Recognized and sustained mechanisms for engage-
ment of the climate modelling, climate impacts and 
climate service development communities that are 
able to demonstrate the respective benefits of their 
engagement and the benefits of sustaining such 
mechanisms; 

 Enhanced confidence in extreme events forecast and 
projections and improved information in regions with 
limited data, such as parts of Africa, by using machi-
ne learning approaches. 

Outcomes 
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AIMES - Analysis, Integration and Modelling of the Earth System (https://aimesproject.org/)       

C3S - Copernicus Climate Change Services (https://climate.copernicus.eu/)  

CCA - Climate Change Adaptation 

CEN - European Committee for Standardization  

CENELEC - European Committee for Electrotechnical Standardization 

CLIM-RUN - Climate Local Information in the Mediterranean region Responding to User Needs (FP7 project) (www.climrun.eu)    

Climate KIC - EIT Climate Knowledge and Innovation Community (https://www.climate-kic.org/)  

CLIVAR - Climate Variability and predictability (www.clivar.org/)  

CMIP - Coupled Model Intercomparison Project of WCRP  

(https://www.wcrp-climate.org/wgcm-cmip)  

CORDEX - Coordinated Regional Climate Downscaling Experiment (https://www.cordex.org/)  

CRESCENDO - Coordinated Research in Earth Systems and Climate: Experiments, Knowledge, Dissemination and Outreach (https://
www.crescendoproject.eu/)   

CS - Climate Services 

CSA - Coordination and Support Action 

CSP - Climate Services Partnership (http://www.climate-services.org/)  

CSR - Climate Services Research 

DOI - Digital Object Identifier 

ECV - Essential Climate Variable 

ERA4CS - ERA-NET for Climate Services (H2020 ERA-NET with JPI Climate)  

(http://www.jpi-climate.eu/ERA4CS)  

ESMs - Earth System Models 

EUCP - European Climate Prediction system (H2020 project)  
(https://www.eucp-project.eu/)  

EU-MACS - European Market for Climate Services (H2020 project) (http://eu-macs.eu)   

EUPORIAS - EUropean Provision Of Regional Impact Assessment on a Seasonal-to-decadal timescale (FP7 project) (www.euporias.eu)  

EURO-CORDEX - Coordinated Downscaling Experiment - European Domain (https://www.euro-cordex.net/)  

FP7 - Framework Program 7  

GFCS - Global Framework for Climate Services (https://www.wmo.int/gfcs/)  

IMPREX - Improving Prediction and Management of Hydrological Extremes (H2020 project) (https://www.imprex.eu/)  

INSPIRE - Infrastructure for spatial information in Europe 

IPCC - Intergovernmental Panel on Climate Change (https://www.ipcc.ch/)  

IS-ENES - InfraStructure for the European Network for Earth System Modelling, phases 1 to 3 (FP7 and H2020 projects) (https://is.enes.org/) 

JPI Climate - Joint Programming Initiative on Climate (http://www.jpi-climate.eu/)  

MARCO - Market Research for a Climate Services Observatory (H2020 project)  

(http://marco-h2020.eu/) 

PRIMAVERA - PRocess-based climate sIMulation: AdVances in high-resolution modelling and European climate Risk Assessment (H2020 pro-
ject) (www.primavera-h2020.eu)  

RCMs - Regional Climate Models 

S2S4E - Climate Services for Clean Energy (H2020 project) (https://s2s4e.eu/)  

SDGs - Sustainable Development Goals 

TRL - Technology Readiness Level 

UNFCCC - United Nations Framework Convention on Climate Change 

VISCA - Vineyards Integrated Smart Climate Applications (H2020 project) (http://visca.eu/) 

WCRP - World Climate Research Program (https://www.wcrp-climate.org/)  

WMO - World Meteorological Organization (https://public.wmo.int/en)  
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