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Earth Observation data has the potential to provide significant benefits to a large variety of socio-economic stakeholders. However, creating new usages of these data is particularly challenging as it requires connecting distant data and usages ecosystems. 'Co-designing' services based on Earth Observation data appears to be a promising path to overcome insufficiencies of 'open-data' strategies. However, in this challenging context, 'co-design' cannot be limited to the mere adjustment between user demands and data supply. Based on design theory, we propose a comprehensive framework for such a 'co-design' approach, aiming at growing an ecosystem of efficient service designers. It is experimented in the e-shape project. First results show that: (1) such co-design involves the implementation of a dynamic process of specific types of co-design actions, to unlock the different blocking points occurring in the growth of the ecosystem over time, (2) each co-design action aims at creating a 'resilient fit' between stakeholders.

INTRODUCTION

Earth Observation (EO) refers to the production of information about the planet and its environment, based on different types of instruments (satellites, in-situ sensors etc). Initially produced mainly for scientific goals, EO data are now made available to every economic actor, through 'open-data' policies. Socio-economic applications of this data seem to be diverse and promising, however, in practice, developing usages from EO data seems to be particularly challenging. Indeed, this effort could be schematically described as connecting very distant socio-economic ecosystems: the ecosystem of data and the various ecosystems of potential usages. These ecosystems are called "distant" as they do not share the same dynamics, time horizons (e.g. very long cycles to develop new instruments compared to short timeline of actions in the data usage context), performance logics and competencies (e.g. data processing might require very specific technical expertise while data usages might also require specific domain expertise).

In order to connect distant data and usages ecosystems, several approaches have been promoted and implemented by the EO community in the last decades. The first one consists in having each ecosystem bridging independently half the distance, through an 'open-data' strategy [START_REF] Borzacchiello | The impact on innovation of open access to spatial environmental information: a research strategy[END_REF]: on the one side, data are made available to everyone, on the other side, the different stakeholders take advantage of these resources by integrating them in their own usage context. Despite being necessary to broaden the usages of data, this approach has proved to be insufficient, as the stakeholders tend to have difficulty making use of EO data spontaneously.

This accounts for the current efforts of the EO community to operate a second approach that consists in connecting the distant ecosystems of data and usages by encouraging the development of operational services based on Earth Observation data, through specific 'co-design' activities. An important stream of literature documents the implementation of such an approach in the case of climate services (based on climate-related data, being a certain type of EO data). Co-design (also referred as 'co-production' or 'co-development' depending on the authors) mostly relates to the involvement of data users in order to adjust user demands and the supply of useful information [START_REF] Mcnie | Delivering Climate Services: Organizational Strategies and Approaches for Producing Useful Climate-Science Information[END_REF]. Without appropriate processes, this might lead to ad hoc small-scale and short-lived data-based services. However, despite being implemented in several projects through dedicated processes, recent research also underlines that what is understood by 'co-design' is not systematically discussed and formalized [START_REF] Goodess | Advancing climate services for the European renewable energy sector through capacity building and user engagement[END_REF].

Based on the research work carried out in e-shape, a project funded within the EU Horizon 2020 program [START_REF] Ranchin | and all e-shape partners, 'e-shape -EuroGEO Showcases: application powered by Europe contribution to EuroGEO and to the development of the EO industry[END_REF], this paper aims at proposing an analytical framework for codesign in the Earth Observation context, clarifying codesign ambitions and the operational tools that could effectively contribute to the expansion of EO data usages.

CO-DESIGN SEEN FROM THE DESIGN AND MANAGEMENT FIELD

Literature in design and in management gives interesting insights on different approaches of co-design and Paper submitted at IGARSS conference, Brussels, Belgium, Jul 2021 its evolution over time [START_REF] Dubois | From organizing for innovation to innovating for organization: how co-design fosters change in organizations[END_REF]. Co-design reported in the Earth observation field seems to mainly corresponds to a first approach consisting in building specific interactions between users and service designers in order to fit the developed service to user needs. This approach of co-design, as supply and demand adjustment, has largely developed since the years 2000s [START_REF] Steen | Co-Design as a Process of Joint Inquiry and Imagination[END_REF]. However, it is interesting to notice that co-design were previously used in completely different situations, aiming at addressing other blocking points of the development of products or services concerning actors other than the user:

• First, in the 70s, for the development of embedded systems [START_REF] Wolf | Hardware-software co-design of embedded systems[END_REF]: co-design referred to hardware and software integration, as the issue was to make different fields of expertise cooperate, a list of requirement being already defined • Later in the 90s, co-design referred to reshaping collaborations between buyers and suppliers, beyond usual price negotiation, to design new required components (e.g. in the automotive industry, new modules to increase comfort and reduce pollutant emission of cars) [START_REF] Spina | Factors influencing co-design adoption: drivers and internal consistency[END_REF].

These elements lead us to make the following proposition regarding co-design in the Earth Observation context: co-design objective could be described as growing an ecosystem of efficient service designers by unlocking the different blocking points in the development of EO-based services, going beyond adjusting supply and demand between data users and service designers. This paper proposes to test this proposition based on e-shape experience, and to address the two resulting questions:

1. How to describe the blocking points occurring in the development of EO-based services? 2. What types of tools would be needed to unlock these blocking points?

METHODOLOGY

Our research relies on the work carried out within the EU-funded e-shape project, bringing together a team of 54 experienced partners from academia, industry, institutional entities and user communities to develop 27 pilot applications, spanning 7 thematic areas (food security, health, renewable energy, biodiversity, water resources, disaster resilience and climate). Given the large number of partners, and the variety of application sectors, e-shape appears to be a particularly favorable context to have a comprehensive understanding of the issues faced in the EO field. Within a dedicated work package led by the authors of the paper, a co-design approach is being progressively designed and experimented with e-shape partners, based on recent advances in design theory [START_REF] Le Masson | Design Theory: Methods and Organization for Innovation[END_REF]. The following process has been set up to assess co-design needs for each pilot:

• Questionnaire sent to each pilot

• Answers used to classify the different blocking points faced by the pilots (also called "co-design needs") and make a first diagnosis for each pilot • Interview of one hour and a half with each pilot to validate the diagnosis of co-design needs

RESULTS

The outcomes of this analysis process are summarized in Table 1 for 22 pilots (anonymized), the analysis of the 5 remaining pilots being still to be validated.

Co-design going beyond supply-demand adjustment

A first noticeable result is the validation of the proposition according to which co-design needs are not restricted to adjusting supply and demand between data users and service designers. Indeed, this perspective only corresponds to a first type of co-design needs (referred as Type 1 in the Table 1), whereas three other types of codesign needs have also been identified. These four types of co-design needs correspond to four types of actions, each type corresponding to a certain blocking point requiring the design of the relationship with a specific actor (cf Table 2). For each type, the initial state, blocking point to be addressed and expected outcomes always include two dimensions:

1. A dimension related to the design of the service, described with two terms usefulness and usability, as commonly used in literature on climate services [START_REF] Lemos | Narrowing the climate information usability gap[END_REF]. Usefulness refers to the general potential seen by users, whereas usability refers to the effective integration in users' operations. Literature on climate services highlights that both aspects need to be addressed to successfully develop services, and that specific efforts are Table 1: Analysis outcomes of e-shape pilots especially needed to move from useful to usable information, i.e. narrowing the so-called "usability gap". 2. A dimension related to the design of a specific relationship. This second dimension is crucial as the development of a service cannot be done only through collective work phases but also requires separate work phases. Agreeing on cooperation modalities is therefore crucial to guarantee the continuation of alternate collective and separate work phases over time. In a way, 'co-design' has to put a strong emphasis on designing the 'co', and not only the service itself. 

Co-design as a dynamic interplay of four types of actions to connect distant data and usages ecosystems

A second major result is the consideration of codesign as a dynamic interplay of these four types of actions. It is first an interplay of actions because at every moment, each service designer might be confronted with several codesign needs. For example, the service designer might at the same time need a co-design type 1 to strengthen the relationship with a certain user, but also consider a type 2 to explore a new type of user community, and prepare for the operationalization of the service through a type 3. This interplay is also dynamic because each service designer goes through different co-design types at different moments in time, depending on its evolution and the issues faced all along. This appears in Table 1 through the integration of both short-term and long-term time horizons.

Implementation of specific tools for each type of action, in a "resilient-fit" perspective

A third important result concerns the type of tools needed to support these four types of actions. It was first noticed that e-shape partners were already experienced in making some parts of these actions on their own, however they were often faced with the issue of making these efforts of connecting data and usages sustainable over time. Consequently, it appears that specific tools are required, aiming at establishing a "resilient fit" between stakeholders, rather than a "quick fit".

"Quick-fit" actions only focus on finding one type of interaction between data and usages ecosystems (single list of requirements with one user, in a punctual relationship). Whereas, "resilient-fit" actions aim at generating a range of alternatives (regarding the lists of requirements, the stakeholders involved, the types of partnerships), allowing a better adaptation to future surprises or unexpected constraints arising later in the process. These specific tools for "resilient-fit" actions are currently under experimentation within e-shape, but illustrations of "quickfit" and "resilient-fit" actions are already given for each type of co-design in Table 2.

CONCLUSION

This paper introduces an analytical framework for co-design adapted to the Earth Observation context, that has been designed and experimented within e-shape. The overall ambition of such a co-design approach is to progressively connect and expand the distant ecosystems of data and usages. In this perspective, we highlighted that co-design should not be restricted to the adjustment of supply and demand between users and service designers, but should be considered as a way of growing an ecosystem of efficient EO-based service designers. It is based on a continuous process involving four types of actions aiming at unlocking blocking points occurring in the development of the services. Each type corresponds to the design of a certain committed form of relationship and should target a "resilient fit" between relevant stakeholders, in order to make sure that these efforts are sustainable over time. This approach of co-design and the related tools will be further experimented in the coming years within e-shape.
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 1 Figure 1: Schema of the four types of co-design actions aiming at connecting the distant data & usages ecosystems
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