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Building the infrastructure for a results-oriented GEOSS  

(Discussion Paper) 

The initial draft of this document has been prepared by the GEO Secretariat to the Expert 
Advisory Group (EAG)  for discussion and to the GEO Programme Board for information. 

As a living document, it will be subject to periodic updates. 

Version 1.0 – 23 January 2019 

 

1 INTRODUCTION 

 The purpose of this document is to support the discussions during the upcoming 
second and third EAG (Expert Advisory Group) meetings, building on the results of the 
first EAG meeting. When reading this document, members of the EAG are also invited to 
consider the deliverables schedule presented in Annex A and the questions in Annex B.  

2 REVISITING THE VISION 

 When the proposal of establishing the EAG was put forward to the GEO Executive 
Committee, the Secretariat presented its vision of how a results-oriented GEOSS would 
work. It is worth revisiting this vision as a starting point for the discussion:  

“GEO can help all nations to increase the benefits they derive from Earth observation and 
provide support for decision-making. We consider the case where an expert in Cameroon 
is working for her government to assess tropical forest loss in her country in compliance 
with implementing best practices for Reducing Emissions from Deforestation and Forest 
Degradation (REDD+), and reporting on emissions to the United Nations Framework 
Convention on Climate Change (UNFCCC).  

She then enters the GEO Knowledge Hub, composed of a set of documents containing 
reproducible knowledge. These are reports of robust methods that include both their 
description and an open-source script that can be executed. These scripts have been tested 
and validated and are organised such that the specialist can include her own in situ data 
and chose the satellite data she needs.  

After being recognized by the system, she has access to a large network of resources 
provided by the GEO community. In her case, the GEO Secretariat will have facilitated 
access to Copernicus services that have put together Sentinel and Landsat data for Africa. 
She also has access to MODIS data in the African Data Cube, which includes ground-
truth data for the African tropical belt. Due to some restrictions by the in situ providers, 
the ground-truth dataset is not yet public, but GEO and the African Data Cube have 
secured its use by GEO-authenticated users.  

She then browses the GEO Knowledge Hub and uses a detailed report on best practices for 
forest monitoring using big Earth observations (EO) data produced by Brazil’s National 
Institute for Space Research (INPE). INPE has also developed a state-of-the-art 
algorithm that uses deep learning methods for forest monitoring. This algorithm is 
available on a GEO repository of trusted and curated methods. She then uses the GEO 
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programming environment to combine the ground-truth and MODIS datasets using 
INPE’s algorithm. The result is a 20-year time series of forest change for Cameroon, for 
the period 2000-2010. Next, she refines the results for the period from 2012 onwards using 
the combined Sentinel-Landsat mosaic dataset. After testing the results, she then uses the 
tropical biomass map provided by the European Commission (EC) Joint Research Centre 
(JRC) to produce an emissions report that the government of Cameroon will submit to the 
UNFCCC.” 

 This vision can be summarised in Figure 1 below.  

  

Figure 1 – Modus operandi of a results-oriented GEOSS 

 The components of Figure 1 form the basis of a results-oriented GEOSS. In this 
vision, we assume that global experts have a working knowledge of one or more scripting 
languages that produce results out of EO cloud architectures. Based on this assumption, 
the components of Figure 1 are: 

a) A knowledge hub that holds documents relevant to EO applications curated by 
the GEO Secretariat with support from the GEO community, with an associated 
application programming interface (API); 

b) A set of cloud computing services that store big datasets of Earth observation 
data. These clouds provide a set of APIs to access to cloud computing services; 

c) A set of data services of authoritative, curated and validated in situ observations 
that support the different uses of EO, with an API (application programming 
interface) to access its contents; 

d) An API (or a set of APIs) that allows production of analysis-ready data 
(including multi-satellite datasets) from images available in repositories of 
space agencies or service providers. 

 Let’s now consider the components presented in Figure 1 in more detail. In what 
follows, we consider that these components need to be available to the GEO community 
as free and open data and software. 
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3 THE KNOWLEDGE HUB 

The goal of the GEO Knowledge Hub is to provide, in a single place, access to all 
documents associated to Earth observation applications. These documents include: (a) the 
research paper or report which describes the methods and results; (b) the software 
algorithm used for processing; (c) the in situ and imagery data used; (d) the results. 
Nowadays, these components are stored and distributed in different ways. Papers and 
reports describe methods, shared as PDF files. Algorithms are mostly written in scripting 
languages embedded in Jupyter Notebooks or markdown files. Increasingly, satellite data 
is stored in the cloud and in situ data is available via trusted repositories. However, current 
search engines do not provide links between these components of a document, thus 
reducing their fitness for use. The knowledge hub will provide linkages between these 
components of an Earth observation application. 

 We define the GEO Knowledge Hub to be a set of curated and linked documents that 
contain relevant information for Earth observation applications. Examples of documents 
include an HTML file, a PDF file (report of paper), a Jupyter Notebook, an R or python 
markdown file, a GitHub page, a repository entry that stores a dataset and assigns a Digital 
Object Identifier (DOI), an Amazon Web Services (AWS) link to a dataset, a video (see 
Figure 2). We also use the term document set to describe a set of documents linked to the 
same application.  

 

Figure 2 – Examples of documents in the GEO Knowledge Hub 

 Why is the GEO Knowledge Hub needed? Because there are no known services that 
provide such functionality. There is an important case for a knowledge hub given the 
global proliferation of institutions using EO which need access to authoritative, validated 
and curated content for evidence-based policy and decision making.  

 To achieve its goals, the GEO Knowledge Hub needs to address four requirements: 
linkage, curation, text-based search and open global access. As for linkage, reproducing a 
result that uses EO data requires combining theory, data processing and analysis 
algorithms, and in situ and satellite datasets.  



 

 

 

EAG Discussion Paper  Version 1.0, 23 Jan 2019 

 

4 / 23 

 As an example, consider Figure 3, which presents a document set whose five 
components describe the use of big data analytics for agricultural monitoring: (a) a journal 
paper that describes the algorithm and the methods; (b) the in situ data published in a 
repository; (c) an R markdown file that describes and embeds the algorithm used for the 
work; (d) a list of images used for processing, stored in the cloud; (e) the results of the 
analysis.  Dataset (b) links to paper (a), but the link to the dataset (b) is not available in 
the paper’s (a) metadata. Neither (a) nor (b) provide a direct link to file (c). As for cloud 
data (d), there are established standards for referencing it. Unless the results (e) are in a 
data repository, they are not available. Even specialized searchers such as Google Scholar, 
GEOSS Platform, and Google Dataset Search are not able to link these different parts of 
the document. Therefore, one requirement of the knowledge hub is to support linkages 
between different parts of a document set, as well as across documents.  

 

Figure 3 – A document set with five components 

 Curation is a key element of a knowledge hub. Without curation, there is no trust. 
Since its function is to provide the GEO community with reproducible best practices, 
information going into the knowledge hub needs to be systematically verified, organised 
and maintained. Without human intervention it is impossible to build a knowledge hub 
where dispersed parts of a document are cross-referenced. The knowledge hub should 
store documents from trusted sources with emphasis from GEO Work Programme 
initiatives and activities. Its librarians will interact with the authors so that the methods, 
data and software are consistent and follow the FAIR principle. The GEO Secretariat is in 
the best position to provide the required curation services since they have the trust and 
the relations with the GEO community. 
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 For best query results, the hub needs to use text-based search. This strategy follows 
the success of engines such as Google Scholar, which search the full-text of journal articles 
and technical reports. Full-text indexing allows more flexibility in the queries. Users can 
retrieve documents based on the text they contain even if their metadata is incomplete or 
inaccurate.  

 An additional need is open global access. Many relevant papers are only accessible, in 
their final format, upon payment to scientific publishers. This is not good for GEO or 
aligned with the GEOSS Data Sharing Principles. Many institutions of GEO Members lack 
the means to pay for access. The knowledge hub will use an alternative solution. Most 
scholarly publishers1 allow researchers to share post-prints in public repositories. Post-
prints have the same content as the journal paper minus the formatting. The knowledge 
hub will thus store either open access papers or post-prints of journal papers that are not 
open access, to ensure they will be globally readable.   

 The effectiveness of the knowledge hub depends on building strong links with the 
activities of the GEO Work Programme (GWP). We expect each activity to contribute to 
the hub, sharing their results and best practices. This practice will be beneficial to all 
involved. It will enhance the visibility of GEO’s work, by having a unique focal point for 
the results of the GWP. It will help all those interested in EO to have a place to go to learn 
how best to use big imagery datasets.   

 The knowledge hub needs to be directly integrated to the GEO website. The website will 
highlight relevant documents and describe them in a blog post. GEO website visitors will 
be made aware of new and existing relevant documents as soon as they are deposited on 
the hub. Relevant additions to the knowledge hub will also be highlighted in social media 
and e-mail lists. This follows established practices for knowledge sharing.  

 Based on the above, we can derive the following requirements for the infrastructure 
of the GEO Knowledge Hub: 

1. Be developed using only open source software.  
2. Include an indexing engine that enables efficient text-based search. 
3. Link document sets with different components (web pages, PDFs, links to DOIs, 

videos, Jupyter Notebooks, R markdown, AWS and similar URLs to data, 
GitHub pages, videos…etc).  

4. Use descriptors compatible with current search engine technologies and 
emerging solutions. 

5. Be integrated with the GEO website. 
6. Include curation services for data entry, based on contributions from the GEO 

community.  
 

 

  

                                                        
1 A detailed list of publishers’ policies is available at the SHERPA/RoMEO site 
(http://www.sherpa.ac.uk/romeo).  
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4 CLOUD COMPUTING SERVICES  

The cloud computing model is becoming the prevailing mode of work for most medium 
and large-scale EO applications. Cloud services archive large satellite-generated datasets 
and provide computing facilities to process them. By using cloud services, users can share 
big EO databases and minimize the amount of data downloads.  This choice minimised 
infrastructure investment and increases data and software sharing.  

 In terms of relevance to a results-oriented GEOSS, we need to consider two 
questions: 

1. How do cloud computing services for Earth observation data work? What are their 
commonalities and their singularities? 

2. How does cloud computing affect reuse of Earth observation applications? 

4.1 Overview of cloud computing for Earth observation data analysis 

Cloud technologies for EO data are maturing rapidly and it is in the best interest of GEO 
that these solutions become available to our community. Community initiatives such as 
the Open Data Cube (ODC2) project allow the GEO community to build shared data 
archives for country-wide or region-wide use. Other relevant initiatives include the 
Copernicus DIAS3, “Earth on AWS”4, Google Earth Engine (GEE)5, the Joint Research 
Centre Earth Observation Data and Processing Platform (JEODPP6) and the European 
Centre for Medium-Range Weather Forecasts Climate Data Store (CDS7). Other national 
and regional projects are likely to appear in the short term.  

 To better understand the difference between these different cloud computing 
services, it is useful to consider what facilities they provide. Based on the best of our 
current information, Table 1 compares some EO cloud services, based on the following list 
of facilities. 

1. Pre-loaded data sets: Does the service provide pre-loaded data sets and if so, which 
ones? Having pre-loaded data sets reduces the user’s task of processing and 
organizing data.  

2. Analysis ready data: Does the service provide analysis-ready data? What ARD sets 
are available? ARD sets are required for best performance and quality when 
using imagery time series.  

3. User-provided data: Can users load their own data sets to the service? Some users 
require additional data beyond what the service provides by default. 

4. Data ingestion facilities: Are there specific facilities for external data ingestion? 
Data ingestion methods are useful to load their data sets.  

                                                        
2 https://www.opendatacube.org/ 
3 The DIAS consortiums are CREODIAS (https://creodias.eu/), MundiWeb 
(https://mundiwebservices.com/), ONDA (https://www.onda-dias.eu), and sobloo 
(https://sobloo.eu/).  
4 https://aws.amazon.com/earth/ 
5 https://earthengine.google.com/ 
6 https://cidportal.jrc.ec.europa.eu/ 
7 https://cds.climate.copernicus.eu/ 
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5. APIs for ARD and harmonized multi-satellite data: Are there APIs for producing 
analysis-ready data and harmonized multi-satellite data?  

6. Open API for external data access: Is there an open source API for data access? 
Many applications require that the service provides access to APIs for image data 
access, such as GDAL. 

7. Scripting language for server-side processing: Is a native scripting language 
provided? Scripts allow complex tasks to be performed in few steps. 
   

8. Additional languages for server-side processing: Can users work with other 
programming languages than the cloud providers’ native one?  Users may prefer to 
use other languages than the scripting language provided by the cloud service.  

9. Application virtualization: Can users load machine images or containers with 
applications developed in similar environments? Facilities such as Docker 
containers are useful for reproducing and sharing applications. 

10. Interactive development: Is there native support for users to develop applications 
and get results interactively? A rapid cycle of data selection, filtering, analysis and 
visualisation improves efficiency. 

11. Image Algebra: Is there support for image algebra operations? These are 
mathematical, logical and reduction operations for image processing, similar to 
the language interface set in the OGC standard for Web Coverage Processing 
Service8. 

12. Machine learning:  Is there support for machine learning? These methods are 
considered the most advanced to work with big EO data. They include 
algorithms such as random forests, support vector machines, and deep learning.  

13. Other libraries: Is there support for domain-specific libraries? For some 
applications, it is useful to have access to specialised libraries, either provided 
by the user or by the cloud service. 

14. Parallel processing: How does the service support parallel processing of data? For 
big data sets and complex machine learning tasks, efficiency is important. Some 
cloud services enable parallel processing, but do not provide native support for 
application execution on multiple computers. 

 Since cloud services are evolving, the report will update information of Table 1 on 
future versions. Unconfirmed information is put inside brackets.  

 

 

 

 

 

                                                        

8 https://www.opengeospatial.org/standards/wcps 
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TABLE 1  - CLOUD SERVICES FOR EARTH OBSERVATION 

 GEE AWS ODC CDS JEODPP 

Pre-loaded data 
sets (examples) 

LANDSAT, 
SENTINEL, MODIS, 
Climate, Weather 

LANDSAT, 
SENTINEL, 
CBERS, MODIS 

None by default Reanalysis, 
Climate, 
Weather  

SENTINEL 

Analysis-ready 
data MODIS SENTINEL-2/L2 None by default  [NO] 

User-provided 
data NO YES YES [NO] [NO] 

Data ingestion NO None by 
default YES [NO] [NO] 

API for ARD and 
harmonization NO None by 

default NO   

Open API for 
data access python with GDAL GDAL (R, 

python, C++) [GDAL] [NO] [NO] 

Scripting 
language 

Javascript with 
own extensions 

None by 
default 

python with 
own extensions 

python with 
own extensions 

python with 
own extensions 

Additional 
languages  [NO] User-enabled 

(R, python) [NO] [NO] [NO] 

Application 
virtualization NO YES (with AMI) Docker 

containers [NO] Docker 
containers 

Interactive 
development Javascript via web 

User provided 
(e.g., RStudio 

or Jupyter) 

Jupyter via 
remote desktop Python via web Jupyter via web 

Image algebra YES NO YES YES YES 

Machine 
learning libs YES NO  [NO]  NO [NO] 

Other libraries TBD [NO] [NO] Climate specific  [NO] 

Parallel 
processing YES (per pixel) NO (user 

provides) 
[NO, user 
provides] YES YES 

 Sources: Gorelick et al.(2017)9 for GEE, Soille et al.(2018)10 for JEODDP, website documentation and 
personal communication for AWS, ODC and CDS.  

                                                        
9 Gorelick et al. (2017), “Google Earth Engine: Planetary-scale geospatial analysis for everyone”. 
Remote Sensing of Environment, 202(1): 18-27. 
10 Soille et al. (2018), “A versatile data-intensive computing platform for information retrieval from 
big geospatial data”. Future Generation Computing Systems, 81:30-40. 
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 As the above table shows, these cloud services are not interoperable. Each one 
requires users to use different libraries and extensions. There are two groups of services: 
(a) those that have scripting languages and provide analysis facilities on pre-organized 
data, such as GEE, JEODPP and CDS; (b) those that require users to load their own data 
and develop their analysis methods, such as AWS and the Open Data Cube (ODC). The 
trade-off is between flexibility and ease of use. Services such as AWS are flexible, but they 
require users capable of developing EO applications starting from basic libraries. AWS 
users to have a higher degree of control over software and data, at a cost of a steeper 
learning curve. By contrast, GEE provides immediate access to functions and data, 
reducing the barriers to entry.  

 OGC standards do not provide a solution to the lack of interoperability between EO 
cloud services. The WCS (Web Coverage Service) standard is limited for working with 
image time series and does not support server-side processing, while WCPS (Web 
Coverage Processing Service) does not include functions for data ingestion, machine 
learning and data analysis. Since the challenge of EO cloud interoperability cannot be met 
with the current generation of standards, in the next section we look at alternatives by 
considering the perspective of application reuse. 

4.2 Cloud computing and reuse 

One of the key questions associated to applications of cloud computing for Earth 
observation data is their potential for reuse and reproducibility. In this section, we analyse 
what are the factors favouring reuse and what are the barriers to overcome. 

 The challenges of the current generation of cloud computing services for application 
reuse include:  

a)     There are no common APIs between the EO cloud services.  
b)  There are no agreed protocols for describing large data sets of EO data.  

 The GEO community would benefit from interoperable applications that could be 
deployed in the different services. However, currently this is not possible. There is a risk 
of a lock-in effect, where users become dependent on a particular cloud service, and have 
to incur in substantial switching costs to change providers. Thus, the GEO community 
needs to promote and identify ways to improve interoperability of cloud services.  Based 
on the above, we derive the following requirements: 

7.    Provide support for describing big Earth observation data catalogues. 
8.    Support abstract description of methods used for cloud computing to facilitate 

interoperability. 
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5 IN SITU DATA 

This section presents a general discussion of the in situ component in the GEO Knowledge 
Hub. The text draws on the European Environment Agency (EEA) report  “In situ 
observations: state of play”11, on the the paper “Time for in situ renaissance”, published in 
Science in 201512, and on the UN SDSN report on “Data for Development”13.  

 As stated in EEA report: “[an in situ] observing system cannot be designed from scratch, 
but has to be integrated from a collection of disparate observing programs, each with different 
goals, methods, and governance. As a result, much of the work in designing an integrated 
observing system (…) involves ensuring that these existing programs can be integrated coherently 
into a holistic system that is fit-for-purpose.” The report concludes: “the basis for an effective 
use of in situ data is through a real open and free data exchange, which is far from a reality 
today. There is therefore a need for addressing data policies and data exchange agreements to 
optimise the use of in situ data.”  

 To design and build the in situ data component, we need first to consider the 
different kinds of in situ data: (a) operational and/or continuous data collections; (b) data 
from census or resource assessments; (c) field data collected for research not involving satellite 
data; (d) field data collected for training, calibration and validation of satellite data; (e) data 
from citizen science and community activities. Although the boundaries between these 
categories are fuzzy, they serve as a basis for the establishing requirements for integrating 
in situ data in the knowledge hub.  

 The GEO community has also already invested a significant effort in GEOSS 
Platform, which contains a significant catalogue of in situ data. By revising the needs for 
in situ data, this document also points out possible areas of investment in future versions 
of the GEOSS Platform.  

5.1 Overcoming barriers for in situ data sharing 

Before analysing each kind of in situ data, it is useful to consider a more general question: 
what are the barriers for open in situ data sharing? Although there is solid evidence that 
making public data to be open creates economic value14, many in situ data providers are 
reluctant to adopt such policy. The reasons for such behavior are multiple, including: 

a)    Reduction of public investment in in situ data collection, leading to infra-structure 
degradation15 and, in some cases, adoption of cost-recovery policies for data 
sharing. A World Bank report16 from 2013 estimates modernize developing 
countries hydrometeorological in situ infrastructure costs from US$ 1.5 to US$ 2 
billion, with an additional annual cost of US$ 0.4 to US$ o.5 billion for 
maintenance12.  

 

                                                        
11 https://insitu.copernicus.eu/state-of-play/ 
12 Fekete et al., “Time for an in situ renaissance”, Science 349(6249):685-686, 14 August 2015. 
13 unsdsn.org/wp-content/uploads/2015/04/Data-for-Development-Full-Report.pdf 
14 See the study “Creating Value through Open Data” by the EC (https://bit.ly/2rRoygs). 
15 Shiklomanov et al., “Widespread Decline in Hydrological Monitoring Threatens Pan-Arctic 
Research”, EOS Transactions 83(2):13-17, 2002. 
16 Rogers et al., “Weather and Climate Resilience: Effective Preparedness Through National 
Meteorological and Hydrological Services” (The World Bank, Washington, DC, 2013). 
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b) Many countries lack national open data policies or restrict data availability for 
foreign users as they consider not to benefit from data sharing. Some fear their 
data could be used for private profit or for environmental-based market 
restrictions. In particular, researchers and institutions that perform in situ data 
collection in developing nations fear their work be appropriated by foreign parties.  

c)    Many in situ observation networks are funded by time limited research funds. 
Unfortunately, researchers still regard data collected with project funds to be their 
property. They are not willing to release it until their project is concluded. In some 
cases, the data is never released and may even be lost after the project finishes. 
Even when project data is shared, researchers and institutions use unreliable 
practices, such as creating short-lived websites.  

d) The current research practices in Earth Science have not incorporated the FAIR 
principles. Most journal papers do not provide access to the in situ data used, and 
thus do not enable reproducibility. 

    GEO has an important role to play in advocating free and open data policies in 
relation to all Earth observations, including in situ data. However, as shown by above 
discussion, broad advocacy for open data sharing is not enough. In situ data is too diverse 
for non-specific strategies to work. We need a different approach. 

 GEO should adopt a pragmatic case-by-case approach. All of the activities of GEO 
Work Programme need to effectively promote data sharing practices. In keeping with the 
principle of co-design, we need to work closely with the country institutions that provide 
in situ observations. GEO activities need to ensure that these institutions benefit from full 
and unrestricted access to the results to which they contribute. Although this is a 
painstaking and long-term process, there are no alternatives.  To change data policies, 
institutions need to see tangible benefits for them and their countries.  

 The challenge is to reduce the asymmetry between data provision and its use. Public 
data only creates value for a country’s economy if its institutions and firms have the means to 
extract value from data. Otherwise, it becomes a one-way street. Consider a public 
hydrological agency from a country that provides river data using a free and open data 
policy. Collecting and maintaining such an operational service comes at a significant cost 
to the country.  An agency or commercial company from another country could develop 
models of stream flows for disaster prevention and provide them at a cost. Therefore, 
some in situ data providers fear their data may be used in ways they cannot benefit from 
or do not agree with. This situation is critical when data providers are from developing 
countries and model developers are located in the Global North. Unless there is a way to 
develop a sense of trust with the local stakeholders, these barriers are likely to continue.  

 Engaging developing nations as providers and users of in situ data requires a change 
in attitude from the data analysis and modelling community. All models and analysis 
methods that use such data should be made public. In case of complex models such as 
numerical weather predictions or climate change models, at a minimum all results from 
these models that can benefit developing nations need to be public. Engaging model 
developers will thus be an important responsibility for GWP activities. As these activities 
broaden their scope from local case studies to global products, they need to make sure that 
these results and products are openly available.  
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 In this light, the design of the knowledge hub has to consider ways of providing 
benefits to those sharing in situ data. These benefits include: 

a)    Enabling return on investment, by making models and results that use such in situ 
data openly available; 

b) Emphasising co-design and co-production by the activities of the GEO Work 
Programme, and making results for GWP activities accessible and reusable; 

c)    Promoting researchers and institutions that share data, but highlighting the work 
deposited in the knowledge hub; 

d) Working to enable all results that use in situ data from developing countries to be 
available in the knowledge hub, avoiding paywalls; 

e)    Promoting the use of public and trusted data repositories; 
f)    Developing an in situ data repository for institutions unwilling to deposit their 

data on existing data repositories.  

 Based on the above discussion, we present the needs for the knowledge hub 
associated to each in situ data type. 

5.2 In situ data from continuous data collection services 

This case is typical of meteorological, marine and hydrological data. Examples include the 
Argo program, which provides continuous data from 4000 drifting floats17 distributed 
across the world’s oceans, and national and regional authorities hydrological networks18. 
Such data is mostly collected by public institutions with specific mandates, which include 
curation, preservation and dissemination. Many such data collections predate Earth 
observation satellites. The main challenges for sharing these data sets arise from lack of 
sustainable public funding.   

 The knowledge hub can contribute to these services by increasing visibility of the 
benefits of sharing their datasets. By showing results derived from their data organized 
and available in the knowledge hub, data collection services have further arguments to 
persuade national and international funding sources to fund their operations. This 
situation leads to two additional requirements: 

9. Include applications that use models and support the open sharing of modelling 
software. 

10. Work with the GEOSS Platform and other dataset search engines such that they 
access and promote repositories of continuous in situ data collection.  

5.3 Data from census or similar field surveys 

 Data from census surveys or resource assessments is usually associated to public 
mapping and statistical agencies. One example is FAO’s Forest Resources Assessment19, 
done by first collecting sample plots, then computing aggregated statistics to provide 
estimates of forest resources. These data sets are important for producing SDG indicators 
and for developing models for sustainable development.  

 

                                                        
17 http://www.argo.net/ 
18 See, for example, the UK river flow archive at https://nrfa.ceh.ac.uk/  
19 http://www.fao.org/forest-resources-assessment/en/ 
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 The combined use of EO and census surveys for improvement of SDG indicators 
and for projecting scenarios of sustainable development is one of the key areas of interest 
to GEO. As part of its engagement priorities, activities from GWP need to develop 
methods which can combine data from different sources. When such methods are put in 
place, the gains can be substantial.  

 In terms of data access and its inclusion of these data sets in the knowledge hub, 
GEO has to encourage providers to make them freely available. Since these are official 
documents, it is not appropriate to manage them in a GEO database. However, GEO can 
promote innovative applications that use these data in novel ways. The more countries 
have access to open source models and methods that increase the value of their data, the 
more they will be willing to share it. Thus, the requirements for the knowledge hub and 
the GEOSS Portal for this kind of data are similar to those presented in Section 5.2 above. 

5.4 Data from field surveys unrelated to satellite observations  

 Case (c) includes field data used for studies in which space-based instruments are 
not the primary source of information about the Earth processes involved, nor are they 
the target. Typical cases is biodiversity data collection and chemical contaminants such as 
mercury. In this area, much progress has been achieved by initiatives such as GBIF20. 
Many scientific projects related to global environmental change fall under this category.  

 In this case, the best approach to promote the use of accredited and trusted 
repositories, which support the FAIR principles. Depositing the data on recognized Earth 
Sciences repositories such as PANGEA, Oak Ridge DAAC, GBIF, and the Environmental 
Data Initiative (EDI). Following the lead data journals such as “Nature Scientific Data”, 
GEO should publish a list of recommended repositories. Both the GEO Knowledge Hub 
and the GEOSS Portal need to ensure that data stored in these repositories are visible and 
accessible. In some cases, the institutions involved may prefer to make their data available 
through GEO. This leads to the need for GEO to build an in situ data repository to handle 
such data sets. 

 These considerations add three additional requirements for the design of the 
knowledge hub: 

11.  Ensure in situ data sets stored in accredited and recommended repositories are 
correctly indexed.  

12. Build an in situ data repository that will ensure long-term curation and 
preservation of data entrusted to GEO by its community.  

5.5 Data from field surveys related to satellite observations 

 These datasets are usually associated with research papers and reports in most cases 
supported by short-term grants. They make up the bulk of the data used for innovative 
EO applications in forestry and agriculture. It has not been the practice for the EO research 
community to share such data sets. Many of these data sets are lost or are kept under close 
control of individual researchers. 

                                                        
20 https://www.gbif.org 
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 GEO has to promote the practice that data associated to papers be deposited in long-
term data repositories21. All GEO Work Programme Initiatives, Flagships and Community 
Activities need to incorporate data sharing as a best practice. For example, Figure 3 above 
shows a multi-part document that includes a DOI for data deposited in PANGEA22.  Since 
data repositories offer a DOI with metadata, indexing them in the knowledge hub 
becomes feasible with a limited curation effort. This leads to an additional requirement: 

13. Provide links from the papers stored in the knowledge hub to the accredited 
long-term data repositories.  

 As stated above, it might be the case that some institutions prefer to use a GEO-
supported data repository, leading to requirement (12) outlined in item 5.4.  

5.6 Data from citizen science and innovative technologies 

 Given the challenges of in situ data collection by public institutions and researchers, 
the knowledge hub needs to support innovative methods of data collection, which include 
Citizen Science and new approaches such as mobile communication and sensor networks. 
In this light, the work of the SDSN TReNDS23 initiative is exemplary. Together, SDSN 
TReNDS and GPSDD (Global Partnership for Sustainable Development Data) have put 
together the “Value of Data” report24, which describes the value of investment made into 
data. The report highlights cases where non-conventional approaches can improve data 
collection for SDGs.  One example is the SMS-based system called mTRAC, implemented 
in Uganda to support the country’s health system24. 

 Most data collection in Citizen Science uses mobile applications to record in situ data 
and to transmit such data to a central repository. Alternative approaches use sensor 
networks or high-resolution imagery. The latter approach has been explored by initiatives 
such as IIASA’s GeoWiki25. All such approaches face similar challenges:  

a)  How to convert spontaneous, unorganized contributions into datasets that can be 
trusted and used for decision-making?  

b) How to provide long-term repositories for data produced by many Citizen Science 
projects? 

 Citizen Science initiatives are unlike any of the in situ data sources mentioned 
above. Data comes in irregular intervals with different levels of quality. Institutions that 
promote Citizen Science are usually NGOs that do not have adequate means of building 
long-term data repositories.  GEO could provide a major service to the Citizen Science 
community if it were to build a long-term data repository. Thus, we have an additional 
requirement for the knowledge hub: 

14. Build a data repository for long-term archival of Citizen Science data associated 
with in situ observations.  

                                                        
21 For a list of accredited repositories in Earth and Environmental Sciences, see 
https://www.nature.com/sdata/policies/repositories#envgeo 
22 https://www.pangaea.de/ 
23 https://www.sdsntrends.org/ 
24 https://www.sdsntrends.org/valueofdata 
25 https://www.geo-wiki.org/ 
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6 MULTI-SATELLITE DATA ANALYSIS AND PROCESSING 

Given that cloud computing services provide a substantial amount of open access big EO 
datasets, the question that naturally arises is: how best to combine them and/or to generate 
multi-satellite analysis-ready data?  For many applications such as forestry and agriculture, 
it would be ideal to have a single dataset that combines, for example, data from LANDSAT-
8, SENTINEL-2A/2B and CBERS-4. However, producing these combined datasets is outside 
of the responsibility of a single space agency. Agencies makes their own data available, as is 
to be expected, as do not produce multi-satellite data. Currently, EO cloud services are also 
not providing support for combined datasets. This leads to a mismatch between the needs 
of the users and the services provided to them.  

 As making multi-satellite analysis ready data openly available is important for a 
results-oriented GEOSS, GEO needs to promote and highlight adequate solutions. Two 
important efforts are the ESA-funded Sen2Agri consortium26, led by the University of 
Louvain and the LANDSAT-Sentinel Harmonization project, led by NASA27. All EO cloud 
platforms need to provide such facilities to the users. However, there is still considerable 
effort required to move these implementations to be operational on the cloud. This leads to 
a further requirement: 

15. Promote and disseminate open source software for building multi-satellite 
analysis ready data that work on EO cloud services.  

7 TECHNOLOGIES TO BUILD THE GEO KNOWLEDGE HUB 

7.1 Introduction  

To implement the GEO Knowledge Hub, interested contributors from the GEO 
community should consider the current technological trends. In this section, we describe 
a possible approach, which is under evaluation by the GEO Secretariat and its 
collaborators. Alternative approaches should also be considered and are encouraged in the 
EAG discussion.  

7.2 Review of the requirements  

To guide the discussion below, the requirements for the GEO Knowledge Hub set up in 
the previous sections are recalled below: 

R1 Be developed using only open source software.  
R2 Include an indexing engine that enables efficient text-based search. 
R3 Link document sets with different components (web pages, PDFs, links to 

DOIs, videos, Jupyter Notebooks, R markdown, AWS and similar URLs to 
data, GitHub pages, videos…etc).  

R4 Use descriptors compatible with current search engine technologies and 
emerging solutions. 

R5 Be integrated with the GEO website. 
R6 Include curation services for data entry, based on contributions from the GEO 

community.  

                                                        
26 http://www.esa-sen2agri.org/ 
27 https://hls.gsfc.nasa.gov/ 
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R7 Provide support for describing big Earth observation data catalogues. 
R8 Support abstract description of methods used for cloud computing to facilitate 

interoperability. 
R9 Include applications that use models and support the open sharing of 

modelling software. 
R10 Work with the GEOSS Platform and other dataset search engines such that 

they access and promote repositories of continuous in situ data collection.  
R11 Ensure in situ data sets stored in accredited and recommended repositories 

are correctly indexed.  
R12 Build an in situ data repository that will ensure long-term curation and 

preservation of data entrusted to GEO by its community.  
R13 Provide links from the papers stored in the knowledge hub to the accredited 

long-term data repositories.  
R14 Build a data repository for long-term archival of Citizen Science data 

associated to in situ observations.  
R15 Promote and disseminate open source software for building multi-satellite 

analysis ready data that work on EO cloud services.  

 In what follows, we present a set of technologies described below are being tested 
and evaluated by the GEO Secretariat, with support from external collaborators to meet 
the above requirements. 

7.3 Addressing the requirements  

The first requirement is that of building the knowledge hub only using open source 
software which is freely available and documented, since GEO needs to be consistent with 
its advocacy for data openness. The following discussion on how to address the 
requirements is thus limited to open source technologies.  

 A possible internal organisation of the knowledge hub is shown in Figure 5. The left 
side of the figure shows the main steps for document input. These include the actions of 
content acquisition and document building. It also includes the curated part of document 
analysis, where a curator provides missing information and includes links to related 
documents. The hub requires an efficient and scalable indexing and search server. The 
right part shows the user view. After users start a query, the search server should be able 
to retrieve the relevant documents, rank them according to precedence, and present the 
most complete information available, including all its components (e.g., text, data, 
software, links).  
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Figure 5 – Components of the knowledge hub (source: J. Misore, KNS technology28) 

 The first important choice concerns that of search engine technology. We are 
evaluating search engines based on the Apache Lucene library: Solr29 and Elastic Search30. 
Those are the two top open source search engines according to the ranking available at 
specialised sites such as DB-engines31. These search engines provide full-text search, thus 
satisfying requirement (R2). 

 To address requirements (R3) and (R4), we propose the use of the JSON-LD32 format 
for encoding linked data. It is easily integrated into RESTful33 applications, and can be 
archived in unstructured databases such as MongoDB. Major internet companies such as 
Google and Microsoft are recommending the combined use of JSON-LD encoding using 
the data model of schema.org34, allowing search engines to better index structured 
datasets and documents. Supported by Google and Microsoft, schema.org is a joint effort 
to improve the web by creating a structured data markup schema supported by major 
search engines. The vocabulary of schema.org allows the knowledge hub to describe the 
different components of a document (paper, data, software, cloud access). Thus, a 
possible approach for the knowledge hub is to develop methods to encode composite 
documents in the JSON-LD format, using the vocabulary of schema.org.  

  

                                                        
28 http://www.knstek.com/author/jeevan/ 
29  lucene.apache.org/solr 
30 https://www.elastic.co 
31 https://db-engines.com/en/ranking/search+engine 
32 https://json-ld.org/ 
33 “RESTful web services allow the requesting systems to access and manipulate textual representations of 
web resources by using a predefined set of operations” (Wikipedia) 
34 For the rationale of schema.org, see https://queue.acm.org/detail.cfm?id=2857276 
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 Requirement (R5) will be addressed in the design of the new GEO website. The new 
GEO website will have a search facility (similar to the Google search box). Queries entered 
in the search box will then by answered by the search engine included in the hub. The 
result of the query will be a list of document sets sorted by relevance. In the ideal situation, 
each document set if it refers to a relevant EO application) will be retrieved and presented 
together with the relevant links. 

 Requirement (R6) calls for the permanent allocation of one staff at the GEO 
Secretariat to work as the digital librarian for the knowledge hub. Her job will be to work 
together with the GEO community to populate the knowledge hub with relevant results. 
She also needs to interact with those responsible for the applications to ensure all 
documents associated to a result are stored or indexed in the knowledge hub. 

 Two of the hardest requirements to meet are (R7) and (R8) above, since there are 
many differences between cloud providers, as discussed in Section 4 above. Given that the 
aim of the knowledge hub is to connect all parts of a document that are needed to produce 
a result, the hub needs a unique way to refer to the set of images used. Thus, for addressing 
requirement (R7), we consider that the most likely starting point is the STAC (spatio-
temporal assets catalogue) proposed by the Radiant Earth Foundation35. As described by 
its creator: “STAC aims to standardize the way geospatial assets are exposed online and 
queried. A 'spatiotemporal asset' is any file that represents information about the earth captured 
in a certain space and time. (…) The goal is for all major providers of imagery and other earth 
observation data to expose their data as SpatioTemporal Asset Catalogs. This will enable 
standard library components in many languages. STAC can also be implemented in a 
completely 'static' manner, enabling data publishers to expose their data by simply publishing 
linked JSON files online.” Thus, the STAC specification addresses a single issue: how to 
refer to many files as a single collection. In the coming months, we plan to experiment 
with the STAC specification to find out if it meets the needs of the knowledge hub. 

 As for requirement (R8), the openEO36 project provides the most comprehensive 
approach. As stated by its proponents, “The aim of openEO is to develop an open API to 
connect R, python, javascript and other clients to big Earth observation cloud back-ends in a 
simple and unified way. With such an API, each client can work with every back-end”. The 
openEO project aims to provide a core API for finding, accessing, and processing large 
datasets, a driver APIs to connect to back offices operated by European and worldwide 
industry, and client APIs for analysing these datasets using R, Python and JavaScript. In 
the medium term, being able to use a single script to access and combine data from 
different cloud providers is a desirable requirement for the knowledge hub. To meet this 
need, initiatives such as openEO need to be evaluated.  

 Addressing requirement (R9) is less an issue of design of the knowledge hub than it 
is one of advocacy through the activities of the GEO Work Programme and partnerships 
with GEO’s member states and participating organisations. All activities should be 
encouraged to “go global”, moving from case studies to applications that can be reused 
and adapted by the global community. Using the knowledge hub as a repository of open 
source algorithms and models helps to put in practice GEO’s commitment for openness 
and benefit to all our member states.  

                                                        
35 https://bit.ly/2CzzAOM 
36 http://openeo.org 



 

 

 

EAG Discussion Paper  Version 1.0, 23 Jan 2019 

 

19 / 23 

 Requirement (R10) is an issue related to the GEOSS Platform and will be discussed 
in the next Section. 

 Requirements (R11) and (R13) are complementary, since they address the need to 
link papers and in situ data. The first step is to ensure the input facilities of the knowledge 
hub can extract information from documents and data that have a DOI. Services such as 
DataCite and CrossRef provide a RESTful API that allows retrieval of metadata about a 
document in a standardized format37. With these services, the knowledge hub can reduce 
the burden of building a document description for indexing and inclusion in a database.  
Some documents, such as GitHub resources or AWS links, do not usually have a DOI and 
are only addressable by a URL. However, recent developments can help. An agreement 
between GitHub and the CERN Zenodo38 service, supported by the EC, allows Zenodo to 
issue a DOI for a software release from a GitHub repository. This facility can simplify the 
task of linking related documents. 

 Requirements (R12) and (R14) call for building in situ database at GEO. Experience 
shows that many data providers are unable or unwilling to bear the full cost of 
maintenance of their databases. For example, many researchers deposit their data on 
project websites, which may not be maintained once the project grant finishes. Some data 
providers may not have the resources to maintain a long-term repository. Others may not 
want to share their data in a non-institutional repository. As for Citizen Science, many of 
those involved are not IT experts, which may lead to unreliable solutions for data 
management. Also, metadata descriptions of the data sets can be inaccurate and 
incompatible with the de facto standards JSON-LD and schema.org. For all these reasons, 
GEO needs to consider having an in situ database. 

 Given the structure of in situ data, there is a reliable solution for building the GEO 
in situ database. The current set of technological solutions for handling geospatial data, 
based on OGC standards SFS and WFS, supported by a PostGIS database manager, and 
implemented using the GEOServer suite39 provides a stable and tested infrastructure. For 
data visualisation, the MapX40 viewer developed by UN Enviroment is an adequate choice. 
The major challenge is that of curation. Thus, to build the in situ database, GEO needs a 
dedicated digital librarian that can work with the data providers to ensure trust and 
consistence. 

 To meet requirement (R15), there has to be a concerted effort by the GEO 
community, CEOS, the major data providers and the leading cloud services. Methods and 
algorithms for producing multi-satellite analysis ready data need to be available in cloud 
services. However, current efforts at data harmonisation such as those by NASA and 
Sen2Agri are not fully open source. Those concerned need to get together to produce a full 
open source package including an API that is accessible by scripting languages.   

                                                        
37 Descriptions of DOI content negotiation are available at blog.datacite.org/schema-org-
register-dois and citation.crosscite.org/docs.html. 
38 https://zenodo.org/ 
39  http://geoserver.org/ 
40 https://www.mapx.org/ 
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8 CONTRIBUTION OF THE GEOSS PLATFORM TO THE KNOWLEDGE HUB 

The GEOSS Platform41 is being developed through a considerable effort by many GEO 
collaborators, including significant contributions from ESA, JRC, CNR, and USGS. Its 
development is under the responsibility of the GEOSS-Evolve initiative. This report 
considers that the GEOSS Platform and the GEO Knowledge Hub are complementary 
initiatives, with different goals and that have mutual benefits. In this section, the report 
presents a discussion for the GEOSS Portal that have arisen from the design of the 
knowledge hub.  

 The GEO Knowledge Hub needs to work with the GEOSS Platform so that it 
provides links and access to repositories of continuous in situ data collection. To meet this 
need, some changes are recommended to be made in the GEOSS Platform.  

 The first recommended change is to introduce a curation service. The GEOSS 
Platform relies on the automated data discovery facilities provided by the GEO DAB 
(discovery and access broker). However, the quality of the results is dependent on 
consistency and reliability of user-provided metadata. Errors and omissions in user-
provided metadata may lead to irrelevant results. Also, some links may have changed their 
content or remove. Estimates of the so-called “link rot” effect for academic content range 
from 40% to 75%42,43 which points out that automatic indexing alone cannot guarantee 
reliable responses to user queries. All of these inaccuracies could be prevented by 
introducing a curation service that would increase the reliability of the GEOSS Platform. 

 A second proposed change is the separation between data providers, distinguishing 
those associated to in situ data, satellite data and results. This situation is a source of errors 
in the response to queries in the GEOSS Platform. This distinction would improve GEO’s 
capacity to deal with in situ data. 

 Another recommendation is to deal with satellite data as catalogues of assets and to 
include image catalogues available in cloud services. Since the GEOSS Platform indexes 
individual images available in data provider repositories, it does not allow users to grasp 
what data sets are available for a given area. In the age of big data, indexing catalogues is 
more useful to the community than providing links to individual files. 

  It is expected that the GEOSS-Evolve team could consider the above 
recommendations in their future plans.  

  

                                                        
41 http://www.geoportal.org 
42 Wren, J.,“URL decay in MEDLINE—a 4-year follow-up study”, Bioinformatics, 24 (11):1381–1385, 
2008.  
43 Jones SM et al., “Scholarly Context Adrift: Three out of Four URI References Lead to Changed 
Content”. PLoS ONE 11(12): e0167475, 2016. 
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9 FINAL REMARKS 

This document presents the first draft of the design requirements for the GEO Knowledge 
Hub. These needs consider the different components of a results-oriented GEOSS: 
methods and algorithms, in situ data, satellite data, and cloud computing. It also proposes 
an approach for implementing this design, based on the current technological trends. To 
conclude, we discuss the practical feasibility of the proposal. 

 Given the current personnel availability at the GEO Secretariat, the activities related 
to curation and database maintenance of the knowledge hub can be done by staff 
reallocation, coupled with appropriate on-the-job training. The development of the basic 
document ingestion and indexing facilities require by a two person-year team. This part 
of the knowledge hub can be developed during the year 2019, since GEO Members have 
committed their support.  

 The in situ data curation and management will require an additional two persons 
full time to be contributed to GEO Secretariat. It is estimated that the first version of the 
in situ database can be available in six months. Based on expected commitments by the 
GO community, the most pressing contribution from the GEO community is to provide 
resources to develop the in situ facilities.  

 Pending approval and guidance from the Expert Advisory Group and the GEO 
governance (Programme Board and Executive Committee), the GEO Knowledge Hub can 
be showcased during the GEO Week 2019.  
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ANNEX A – DELIVERABLES AND SCHEDULE 

 The principal deliverable of the EAG will be a document outlining a strategy for 
implementation of the strategy for a results-oriented GEOSS (as per 44th Executive 
Committee Document 44.6). This document will be discussed by the GEO Executive 
Committee (EXCOM) during its 47th Session in March 2019. The final version will be 
submitted for decision of the 48th Session of EXCOM in July 2019. If approved by EXCOM, 
the GEO Secretariat will work with GEO Programme Board to include the activities 
required to implement the approved strategy in the GEO Work Programme 2020-2022. 
The full contents of the Work Programme 2020-2022, which will include these activities 
will then be submitted for approval to 2019 GEO Plenary.  

 

 The timeline for the delivery of the strategy document is setup below. 

Task  Expected Completion 
Date 

Initial meeting of expert group  6-7 Sept 2018 

First version of Strategy for a Results-Oriented GEOSS 
to be presented to EXCOM-45 and GEO-XV Plenary for 
discussion 

October 2018 

Comments to be received from GEO community December 31 2018 

Second meeting of expert group February 2019 

Second version of Strategy presented to EXCOM for 
discussion March 2019 

Third meeting of expert group (in connection with GEO 
Data Providers Workshop) April 2019 

Third version of Strategy presented to EXCOM for 
decision July 2019 

Integration of required activities required in the GEO 
Work Programme September 2019 

Proposed Strategy presented to GEO Plenary for 
approval October 2019 
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ANNEX B 

ISSUES TO BE CONSIDERED BY THE EXPERT ADVISORY GROUP 

The EAG is expected to consider the following questions, as they decide on a 
recommendation to be presented to the GEO Executive Committee in its 44th Session 
in July 2018.  

1. How can the GEO Knowledge Hub help GEO go global?  

2. How can the development of the GEO Knowledge Hub be made in connection 
with existing structures? 

3. How should GEO best interact with cloud services to help users make the most of 
them? 

4. How should GEO support capacity development in the Global South to help them 
use the new technologies?  

5. How should in situ data be handled in the GEO Knowledge Hub?  

6. How can innovative results produced by the EO community be made available 
through the GEO Knowledge Hub? 

7. How can the development and maintenance of GEO Knowledge Hub be financed? 

8. What is the role of the commercial sector in the GEO Knowledge Hub? 

 

 

 

  
 
 


