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Introduction

Currently there is a fast growing development of climate services across the world addressing various geographical domains, scales and societal sectors. The need of readily available high-quality climate data became urgent with the Paris Agreement in 2015, which in addition to mitigation also highlight the necessities of adaptation measures (United Nations, 2015). The numerous existing services differ a lot in design, data content, accessibility, formats, user friendliness and it is often unclear who the target user is. Accordingly, the definition of a climate service varies a lot (c.f. EC, 2015; US NRC, 2001; WMO, 2015). In general, there are two main categories of services provided; (1) the general and web-based, and (2) the tailor made in dialogue with a specific user. The two categories could well be interlinked, when so called ‘Knowledge Purveyors’ use the first service to provide the latter (e.g. Donnelly et al., 2018).

This presentation sums-up recent experiences from working with various climate services; (i) in Sweden by the national weather and water service, (ii) in Europe and globally from proof-of-concepts for the Copernicus Climate Change Services (C3S) operated by ECMWF on behalf of the European Union, and (iii) in several R&D projects, aiming to advance climate services by national and European research councils. It will start with a short Demo of the components suggested to be part of web-based climate services, followed by the importance of ensemble methods in the data production chain, and finally, some lessons learnt from user uptake.

Suggested components of a web-based climate service

The climate services discussed here should provide climate data to a user, who needs data and information when working with climate adaptation. The service is the interface between climate science and society, trying to communicate future impacts from climate change. Climate science and tools are often demanding, both in skills and time. In society, there are many potential users of climate data and they have very different needs and capacity. To be useful, the service thus needs to communicate differently to different user groups and convert data into information that can be received by specific user groups. A large part of the service should therefore be dedicated to user guidance, training and showcases, but this is where many climate services fail at present. 

Different user communities (e.g policy makers, authorities, managers, consultant engineers or scientists) will use the data in completely different types of applications and therefore need to access it in different forms (Fig. 1). They will face completely different problems in their applications and therefore they also need different user support and means of communication from the data provider (i.e. the scientific community). There is no “one-size-fits-all” for climate services but they must be tailored in each component to reach out to specific user communities. This is probably where there is most potential at present for increasing user-uptake from climate services and accelerating climate adaptation.    
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Figure 1. Components (red) in a climate service when tailored (light blue) for different user categories (green) and applications (dark blue).

Ensemble methods in the data-production chain of climate impacts

The climate impact indicators provided in a climate service are often the end result of a long chain of model simulations and statistical calculations (Fig 2.). Each step in the production chain includes large uncertainties and therefore an ensemble of projections is normally presented. The ensembles contain a spread of values that reflect the lack of knowledge, for instance about initial conditions, sensitivity of processes, future emissions and natural variability (e.g. Kjellström et al., 2013). Most uncertainty in near-time projections refers to natural variability, which still remains difficult to describe due to low spatial resolution in observation networks and thus unknown initial conditions. On a longer time scale, most uncertainty refers to future concentrations of greenhouse gases in the atmosphere (RCP’s), which depend on societal evolution and implementation of mitigation measures. Additionally, uncertainties refer to future circulation patterns involving atmosphere and ocean dynamics; as the atmospheric system is quite chaotic, it is possible to only make predictions for the nearest days based on known initial conditions - the climate time-scale is not yet possible to predict. Instead, climate modellers explore sensitivities and make assessments about future climate change by using different scenarios for the future, producing projections of climate change in a range of different climate models starting from different initial conditions. The result is an ensemble of climate projections, but ensemble methods are also needed for the production steps that follow in impact assessments, as they may be just as uncertain.

Bias adjustments are normally performed before impact analysis, to make the climate-model results correspond to observations during a reference period. However, the observations at specific points may not be representative, and methods are very sensitive to gauge density (e.g. Olsson et al., 2016). Moreover, various methods may lead to different implications for the final analysis, e.g. inconsistency between corrected variables if this is done separately. The final part of the model chain, the hydrological impact models, may respond differently to climate change due to different interpretation of drivers for flow generation, from model parameter values or assumptions in the model structure (e.g. Krysanova et al., 2018).

Water management is always local, and the local scale is already exposed to large variation in weather patterns. This means that climate impact may not be evident on a year to year basis, but some events may become more frequent, or prolonged, if analysed over a longer time period. Therefore, climate impact assessments often use 30 year averages to explore changes. In practice this may be too short a period for local conditions as they are so variable. If the trend is small and the variability large (often in precipitation and river flow) it may be very difficult to detect changes beyond natural variability.

Most climate services try to give examples on how climate change may be manifested in the future, given some major sources of uncertainty. However, for specific applications, some models and some impact indicators may be more trustworthy than others (e.g. Donnelly et al., 2018). Here the users need guidance for climate adaptation. Traditionally, it has been argued that it is impossible to judge which models perform better under future climate change, and thus, it is the best to a use range of models (an ensemble). Research has shown that an ensemble of models gives a more accurate prediction of future climate impacts than even the best individual model (e.g. Krishnamurti et al., 2000; Tebaldi and Knutti, 2007). For practical reasons, statistical methods on how to choose a sample from the ensemble but still keep the ensemble spread has been suggested (e.g. Pechlivanidis et al., 2018). However, recently, it has also been argued that more qualitative methods should be used, as some members in the model ensemble may be less trustworthy (Krysanova et al., 2018; Donnelly et al., 2018).
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Figure 2. Ensemble methods are included in each step of the production chain of climate impacts to be visualized and downloaded based on user (e.g. a knowledge purveyor) choice in the climate service.


Lessons learnt from user uptake

The experiences from working with users of climate and water services, and co-development of services involving different stakeholders across Europe, have resulted in some main lessons learnt:
· Climate science is difficult with large uncertainties (requesting ensemble approaches) and data tailoring for climate adaptation is time-consuming, therefore the concept of ‘Knowledge purveyors”, i.e. consultant engineers, is essential for user uptake of climate services. This intermediate expert group should be in focus when developing climate services for water impact adaptation.

· Know-how in tailoring data is essential for a wide uptake of climate services. The large-scale data need to be further adjusted to observations and merged with local data sources. For this, the Knowledge purveyors need to be educated and web-based services should thus be equipped with online methods, like webinars, video conferences, social-media groups, a Forum, user support and offer various face-to-face meetings, like workshops at dedicated hands-on training. 

· Quick and easy access to climate-impact data for download without having to run a full production chain (involving climate and impact modelling) probably is the single most important element of a climate and water service. Climate indicators were in general appreciated as very useful. However, the service need to address specific user communities regarding format, key-messages, meta-data and fact sheets that address their needs and level of competence. Moreover, the users need to be ensured about service sustainability, data consistency, and robustness of results. 
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