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Introduction  
The launching of GEOSS EVOLVE was due to the recognition at the GEO XII Plenary in 2015, that whilst 

GEOSS had developed significantly in the first decade of GEO, it was necessary to connect better the 

data services and products, from both space and in-situ, offered by GEOSS to GEO flagships, initiatives, 

and community platforms, improve data management and sharing, and ensure the evolution of the 

infrastructure in the light of the rapid technological developments. On all these fronts there has been 

good progress, particularly with respect to addressing the user needs. This has happened through two 

main strands of activity:  

● The first is the development of regional nodes of GEOSS (AmeriGEOSS, AfriGEOSS, Asia and 

Oceania GEOSS, EuroGEOSS) which responds to the need to address the user needs at the 

regional and local level, but also to leverage regional resources to respond to global priorities 

such as the Sustainable Development Goals. 

● The second strand has focused on developing further the GEOSS Common Infrastructure (now 

the GEOSS Platform) through regular meetings with GEO initiatives and flagships, and utilizing 

three Data Providers workshops attended by more than 100 organisations. This strand has been 

led by the Foundational Task on the GCI, coordinated by the GEO Secretariat, with which GEOSS 

EVOLVE has established an excellent partnership.  

The GEO Symposium in June 2018 has shown that much progress is taking place in the regional nodes of 

GEOSS, each responding to the particular characteristics, needs, and priorities of the region. It also 

showed that the challenge of turning the big Earth observation data available through GEO into 

actionable information can be supported further by the increased availability of processing services and 

improved algorithms, including machine learning. These may allow the development of applications 

providing near-real time answers to user questions, relieving  users from having to be specialists in 

information technology, data formats, etc., but rather focusing on the science content of their questions 

and possible answers. 

https://docs.google.com/document/d/16SK_LwtSEHuuYoJMh2KUDtC3nC3LBDpiuUjFHV9M8bI/edit
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These developments are very positive but pose a number of strategic issues that need to be addressed 

in the evolution of GEOSS with respect to governance, architecture and interoperability.   

 

The GEOSS governance challenge 
The development of regional nodes, each focused on different priorities and user needs, poses the 

question of the relationship among the nodes, and between the nodes and the central GEOSS Platform. 

This challenge can be minimized if the nodes stay true to the principles agreed in the GEO Strategic Plan 

2016-25, including those regarding  data sharing, data management, and evolution of the architecture 

based on openness and interoperability.  A number of scenarios could be foreseen: 

● Regional nodes develop community related data, applications, tools, products services etc. and  

interact, coordinate efforts and share resources through an interoperable “Global Hub” that 

connects the GEO community (hub and spoke model) 

● The regional nodes develop and maintain interoperability arrangements through open 

standards among them with a limited/or no need for further development of a centralized 

infrastructure except a GEO Web page pointing to the regional points of entry (a doughnut 

model) 

● Each regional node develops autonomously and users go to the node responding better to their 

requirements, with no centralized infrastructure and no (governed) interoperability across 

nodes (the silos model). 

Clearly these are projected extreme scenarios that may develop over time, but they help to focus the 

discussion and guide the evolution of GEOSS. The choices made will then inform the architectural 

design/evolution of GEOSS, e.g. a hierarchical structure or a peer-to-peer one.  

It is interesting to note that during the GEO Symposium Session 3 on Regional Coordination, each 

regional node gave a different answer to the question about the relationship with other nodes, and the 

GEOSS Platform. Some argued that the relationship with other nodes will happen through participation 

in the activities of other nodes, others by collaborating in the global initiatives, and GEOSS Work 

Programme activities, and some just express the need to collaborate but did not specify how.  

Whilst it may be true that end users of whatever infrastructure GEO enable do not particularly care 

about its internal organization and just care that they can find the data and services they need or an 

answer to their question, it is clear that we need to address the governance of the future evolution of 

GEOSS, to make sure the system of systems, in whatever form, still supports the community, the GEO 

Strategic Plan objectives, and the principles of data sharing that are central to GEO.  

In addition to the governance of the nodes, we also need to address the relationship between the 

nodes, the central GEOSS platform and new technological components like processing services, data 

cubes, Big Data analytics, machine learning functionalities and so on. Will they be developed centrally? 

Will they be developed regionally, and provide the end products globally? Will they be accessible from 

other nodes? Typically, these advanced services need to stay close to where the data resides, but in a 

fully decentralized system of systems, it may not always be possible to minimize the distance between 

data and processing, and each design choice has implications for the interoperability of the components 
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and the system of system as a whole. In other words, technological developments like Big Data, data 

cubes, and AI may further push for a more decentralized GEOSS.  

We have started a discussion on the above  among the members of the GEOSS EVOLVE initiative, but the 

regional Working Group of the Programme Board is also becoming involved as is the incoming GEO 

Secretariat Director, because his vision of an application-oriented GEOSS connects strongly with the 

functions, principles, and governance of GEO and GEOSS. For these reason, guidance from the EXCOM is 

needed to address the more strategic dimension of the choices before us. The key issues before us are 

not about technology but about strategy and governance. You could easily imagine for example, that if 

GEOSS regional nodes become increasingly autonomous, so regional GEO(s) will also gain importance 

potentially reducing the role of the global GEO.  

We may be at a turning point of GEO and GEOSS, and we should be prepared to guide their future 

developments. 

Architectural challenges 
GEOSS has started evolving from a multi-functional system to a Web-based Ecosystem, where several 

(Web-based) components and technologies co-operate to deliver the services and products required by 

the GEO Community. 

Engineering view  
From an engineering (or interoperability) point of view, three main solutions or a hybrid may be 

considered mainly determined by the possible governance approaches: 

● Star model: Each regional node develops autonomously to respond to local needs but interacts, 

coordinates efforts and shares resources through an interoperable “Global Hub“ that ensures 

the overall interoperability of GEOSS (hub and spoke model) Figure 1 

● Mesh model: the regional nodes develop and maintain interoperability arrangements among 

themselves with a limited/or no need for further development of a centralized infrastructure 

except a GEO Web page pointing to the regional points of entry (a doughnut model) Figure 2 

● Silos model: each regional node develops autonomously and users go to the node responding 

better to their requirements, with no centralized infrastructure and no interoperability across 

nodes (the silos model). Figure 3 

They are depicted in Figures 1, 2, and 3. 
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Figure 1. Star model engineering view 

 

 

 

Figure 2. Mesh model engineering view 
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Figure 3. Silos model engineering view 

 

Components/Services View 
Along this line, the next evolution should consider the inclusion in such an ecosystem of new 

components (i.e. infrastructures and platforms) implementing innovative and important technological 

breakthrough, such as: Analysis-ready data infrastructures (e.g. Data Cubes infrastructures), Big Data 

Analytics platforms (e.g. by applying AI instruments like ML/DL), etc. 

The architecture depicted in Figure 4 shows the main service components (i.e. infrastructures and 

platforms) to be considered as part of the landscape, presently. 
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Figure 4. GEOSS landscape for infrastructures and platforms to be considered 

 

Blue components provide open services to any third-party; their governance is out of control of GEO. 

Yellow components (with the logo GEO) are those components under the governance of GEOSS and the 

GEO Members. White components are managed by third-parties and/or GEO Members; however, they 

are autonomous and cannot be governed by GEO even if they contribute to GEOSS. 

Star configuration 
As for interoperability, it is possible to distinguish between two possible types of star configuration: a 

tight and a loose one. They derive from different governance styles. The Tight model (see Fig 5a)  is a 

pure stack layered approach: i.e each level communicates only with the ones above and below. For 

example, the Flagships and Community Portals interact only with the central GEOSS Platform, and not 

with the Regional nodes. In the Loose model (Fig. 5b), the Flagships and Community Portals interact 

both the central GEOSS Platform and the regional nodes.  
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Figure 5a. Components view for the tight Star configuration 

 

 

Figure 5b. Components view for the loose Star configuration 
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Mesh configuration 
As for interoperability, it is possible again to distinguish between two possible types of mesh 

configuration: a tight and a loose one. They derive from different governance styles. See Figures 6a and 

6b, respectively. 

 

Figure 6a. Components view for the tight Mesh configuration 

 

 

Figure 6b. Components view for the loose Mesh configuration 
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Silos configuration 
Since in the silos configuration the regional GEOSS are not really interoperable neither among each 

other nor with the GEOSS global platform, it is unnecessary to distinguish between a thigh and a loose 

interoperability configuration –i.e. governance. 

 

 

Figure 7. Components view for the Silos configuration 

GEOSS EVOLVE Recommendations 
The purpose of this discussion document is to highlight the new challenges emerging from the 

development and possible evolution of the GEOSS regional nodes, combined with the increased 

adoption of new technological opportunities such as cloud computing, machine learning, analysis-ready-

data, and data cubes among others.   

These challenges need to be met as they offer new opportunities to deliver on our commitment towards 

a more user-driven GEOSS. This means making choices to direct the future evolution of the GEOSS. In 

this document we have identified three possible scenarios of the evolution of the GEOSS. They are 

deliberately depicted as extreme scenarios to underline the possible implications and need for action.  

The key boundary conditions on which the GEOSS EVOLVE team all agree are those derived from the 

GEO Strategic Plan 2016-15, and in particular:  

A central part of GEO’s Mission is to build the Global Earth Observation System of Systems (GEOSS). 

GEOSS is a set of coordinated, independent Earth observation, information and processing systems that 

interact and provide access to diverse information for a broad range of users in both public and private 

sectors (page 6) 

GEO will evolve GEOSS and its infrastructures to meet current and emerging needs by: 
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● extending the user audience to decision-makers and the general public; 

● placing additional focus on the accessibility and usability of Earth observation resources to 

improve our scientific understanding of the Earth processes, and enhance our predictive 

capabilities that underpin sound decision-making; 

● providing a service framework to engage partners and user communities in evolving the current 

infrastructure to enable collaborative tools for co-creation of products and services suitable for 

effective exploitation by user communities; and 

● evolving the current system of systems component based architecture with an open systems 

platform that is flexible, sustainable and reliable for data access, integration and use, and the 

delivery of knowledge-based products and services (page 11) 

In addition, the GEOSS Data Sharing principles and Data Management Principles are the other key 

boundary conditions informing our recommendations.  

With these considerations in mind, the GEOSS EVOLVE initiative considers that the third option 

presented, i.e. the Silos model in which each regional node develops independently with limited or no 

interoperability with the rest could not satisfy the conditions above, i.e. would lead to the end of the 

System of Systems approach based on openness and interoperability.  

Having discarded this third option, the development of the other two, or of a hybrid solution that is 

somewhere in between i.e. with varying degrees of relative strength between the central node and the 

regional ones, would continue to support the boundary conditions. From this point of view, it does not 

matter so much if the emerging GEOSS is more regionalised or centralised, or as described in the 

Component/Services View Section whether the Tight or Loose model prevails. The key points are GEO 

must: 

1. Leverage the new architectural structures and technological developments to extend and 

increase the level of service of GEOSS to its current community of over 10,000 data providing 

organisations and over 14,000 user organisations.  

2. Maintain the GEOSS as a System of System based on interoperability and the sharing of data 

and knowledge so that the whole  continues to be greater than the sum of its parts.  

This calls for the following actions:  

● Governing the evolution of the GEOSS so that it continues to develop in the desired direction. 

This implies, for example, the need for a stronger collaboration between GEOSS EVOLVE, the 

GEOSS platform, the regional nodes and the GEO Flagships. 

● Reinforcing the process of formalising, sharing, and making reusable the knowledge existing in 

the GEO community so that the FAIR principles supporting reproducibility are achieved.  

● Ensuring interoperability with existing and new analytics systems such as analysis-ready data, 

data cubes, Big data analytics platforms,  and manage their orchestration. 

● Reinforcing interoperability, for example through open and standard APIs,  between GEOSS and 

the relevant global systems, platforms and initiatives, such as the UN’s SDG Knowledge 

Platform, UNNGIM, UNEP, ICSU’s World Data System.  


