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1. Executive summary 
 
This deliverable presents a compendium of the papers done during the project. 
Being ConnectinGEO a Coordinated and Support Action (SCA) and not a 
Research related project, most of the papers are contributions to symposium and 
conferences and only some of them are journal papers. However, the consortium 
will still try to publish some papers after the ending of the project as most of the 
major results are achieved just now. In addition, the consortium is also pushing a 
Special issue in Environment Science and Policy, which is still in negotiation with 
the editors.  
 

2. Scientific publication compendium 

Publications on 2015 

Ménard L, Nüst D, Jirka S, Masó J, Ranchin T, Wald L (2015) Open Surface 
Solar Irradiance Observations - A Challenge. Geophysical Research 
Abstracts Vol. 17, EGU2015-6607, 2015: 
http://meetingorganizer.copernicus.org/EGU2015/EGU2015-6607.pdf. 
European Geosciences Union General Assembly 2015 - EGU 2015, 
Vienna (Austria). 

 
Lionel Menard (1), Daniel Nüst (2), Simon Jirka (2), Joan Maso (3), Thierry Ranchin (1), and Lucien 
Wald (1) (1) MINES ParisTech, PSL Research University, Sophia Antipolis, France, (2) 52◦North 
Initiative for Geospatial Open Source Software GmbH, Münster, Germany, (3) Center for Ecological 
Research and Forestry Applications (CREAF), Universitat Autònoma de Barcelona, Barcelona, Spain  
 
The newly started project ConnectinGEO funded by the European Commission aims at improving 
the understanding on which environmental observations are currently available in Europe and 
subsequently providing an informational basis to close gaps in diverse observation networks. The 
project complements supporting actions and networking activities with practical challenges to test 
and improve the procedures and methods for identifying observation data gaps, and to ensure 
viability in real world scenarios. We present a challenge on future concepts for building a data sharing 
portal for the solar energy industry as well as the state of the art in the domain.  
 
Decision makers and project developers of solar power plants have identified the Surface Solar 
Irradiance (SSI) and its components as an important factor for their business development. SSI 
observations are crucial in the process of selecting suitable locations for building new plants. Since 
in-situ pyranometric stations form a sparse network, the search for locations starts with global 
satellite data and is followed by the deployment of in-situ sensors in selected areas for at least one 
year. To form a convincing picture, answers must be sought in the conjunction of these EO systems, 
and although companies collecting SSI observations are willing to share this information, the means 
to exchange in-situ measurements across companies and between stakeholders in the market are still 
missing.  
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We present a solution for interoperable exchange of SSI data comprising in-situ time-series 
observations as well as sensor descriptions based on practical experiences from other domains. More 
concretely, we will apply concepts and implementations of the Sensor Web Enablement (SWE) 
framework of the Open Geospatial Consortium (OGC). The work is based on an existing spatial data 
infrastructure (SDI), which currently comprises metadata, maps and coverage data, but no in-situ 
observations yet. This catalogue is already registered in the GEOSS Common Infrastructure (GCI).  
 
We describe the challenges and approach to introduce a suite of standards and best practices into the 
GEO Energy Societal Benefit Area for solar radiation measurements. Challenges range from spatio-
temporal coverage across different scales and data quality to intellectual property rights and existing 
terminology. The approach includes means to share observations based on standardized data and 
metadata models and a user-friendly data exploration/management tool.  
 
The possibility to access and share data considerably improves the information base for strategic 
planning and control of new solar power resources. The platform will be integrated as a new 
component into the Webservice-Energy.org GEOSS Community Portal dedicated to Energy and 
Environment. The ability to provide users with visualisation and download features for in-situ 
measurements is seen as a key aspect to start engaging the energy community to share, release and 
integrate more in-situ measurements. This will put to the test the capacity of cooperation in the SSI 
community by introducing an unprecedented level of collaboration and eventually help to detect gaps 
in European Earth observation networks. The presentation will be an opportunity to seek further 
collaboration partners and feedback by the community. 
 

Masó J, Serral I, Menard L, Wald L, Nativi S, Plag H-P, Jules-Plag S, Nüst D, 
Jirka S, Pearlman J, De Maziere M (2015) Towards the creation of a 
European Network of Earth Observation Networks within GEO. The 
ConnectinGEO project. Geophysical Research Abstracts Vol. 17, 
EGU2015-13792, 2015: 
http://meetingorganizer.copernicus.org/EGU2015/EGU2015-
13792.pdf. European Geosciences Union General Assembly 2015 - 
EGU 2015, Vienna (Austria). 

 
Joan Masó, Ivette Serral, Lionel Menard, Lucien Wald, Stefano Nativi, Hans-Peter Plag, Shelley Jules-
Plag, Daniel Nüst, Simon Jirka, Jay Pearlman, and Martine De Maziere CREAF, Bellaterra 
(Barcelona), Spain (joan.maso@uab.cat)  
 
ConnectinGEO (Coordinating an Observation Network of Networks EnCompassing saTellite and 
IN-situ to fill the Gaps in European Observations” is a new H2020 Coordination and Support 
Action with the primary goal of linking existing Earth Observation networks with science and 
technology (S&T) communities, the industry sector, the Group on Earth Observations (GEO), and 
Copernicus. ConnectinGEO aims to facilitate a broader and more accessible knowledge base to 
support the needs of GEO, its Societal Benefit Areas (SBAs) and the users of the Global Earth 
Observing System of Systems (GEOSS). A broad range of subjects from climate, natural resources 
and raw materials, to the emerging UN Sustainable Development Goals (SDGs) will be addressed. 
The project will generate a prioritized list of critical gaps within available observation data and 
models to translate observations into practice-relevant knowledge, based on stakeholder consultation 
and systematic analysis. Ultimately, it will increase coherency of European observation networks, 
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increase the use of Earth observations for assessments and forecasts and inform the planning for 
future observation systems.  
 
ConnectinGEO will initiate a European Network of Earth Observation Networks (ENEON) that 
will encompass space-based, airborne and in-situ observations networks. ENEON will be composed 
by project partners representing thematic observation networks along with the GEOSS Science and 
Technology Stakeholder Network, GEO Communities of Practices, Copernicus services, Sentinel 
missions and in-situ support data representatives, representatives of the space-based, airborne and in-
situ observations European networks (e.g. EPOS, EMSO and GROOM, etc), representatives of the 
industry sector and European and national funding agencies, in particular those participating in the 
future ERA-PlaNET. At the beginning, the ENEON will be created and managed by the project. 
Then the management will be transferred to the network itself to ensure its future continuity.  
 
ConnectinGEO’s main goal in ENEON is to mature a consultation complemented by a systematic 
analysis of available data and metadata, which will draw for the first time a coherent picture of the 
variety of used data interfaces, policies and indicators. This way, the project will stimulate a 
harmonized and coherent coverage of the European EO networks, reemphasizing the political 
strategic targets, create opportunities for SMEs to develop products based on the current networks, 
and open avenue for industry to participate in investments addressing the identified high-priority 
gaps. 
 
The project starts in February 2015 and will last two years. We will present the five threads of the 
project for gap analysis in the Earth observation networks: global requirements and goals, 
international research programs, consultation process, systematic analysis of existing data platforsm 
and industry challenges. The presentation will provide both an overview of the network concepts and 
approaches and discuss participation of the broader scientific community of data providers and users. 
 

Ménard, Lionel, Daniel Nüst, Simon Jirka, Joan Masó, Thierry Ranchin, and 
Lucien Wald. Open Surface Solar Irradiance Observations - A 
Challenge. European Geosciences Union General Assembly 2015, 
Vienna, Austria, 12-17 April 2015, EGU2015-6607. 

 
Lionel Menard (1), Daniel Nüst (2), Simon Jirka (2), Joan Maso (3), Thierry Ranchin (1), and Lucien 
Wald (1) (1) MINES ParisTech, PSL Research University, Sophia Antipolis, France, (2) 52◦North 
Initiative for Geospatial Open Source Software GmbH, Münster, Germany, (3) Center for Ecological 
Research and Forestry Applications (CREAF), Universitat Autònoma de Barcelona, Barcelona, Spain  
 
The newly started project ConnectinGEO funded by the European Commission aims at improving 
the understanding on which environmental observations are currently available in Europe and 
subsequently providing an informational basis to close gaps in diverse observation networks. The 
project complements supporting actions and networking activities with practical challenges to test 
and improve the procedures and methods for identifying observation data gaps, and to ensure 
viability in real world scenarios. We present a challenge on future concepts for building a data sharing 
portal for the solar energy industry as well as the state of the art in the domain.  
 
Decision makers and project developers of solar power plants have identified the Surface Solar 
Irradiance (SSI) and its components as an important factor for their business development. SSI 
observations are crucial in the process of selecting suitable locations for building new plants. Since 
in-situ pyranometric stations form a sparse network, the search for locations starts with global 
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satellite data and is followed by the deployment of in-situ sensors in selected areas for at least one 
year. To form a convincing picture, answers must be sought in the conjunction of these EO systems, 
and although companies collecting SSI observations are willing to share this information, the means 
to exchange in-situ measurements across companies and between stakeholders in the market are still 
missing.  
 
We present a solution for interoperable exchange of SSI data comprising in-situ time-series 
observations as well as sensor descriptions based on practical experiences from other domains. More 
concretely, we will apply concepts and implementations of the Sensor Web Enablement (SWE) 
framework of the Open Geospatial Consortium (OGC). The work is based on an existing spatial data 
infrastructure (SDI), which currently comprises metadata, maps and coverage data, but no in-situ 
observations yet. This catalogue is already registered in the GEOSS Common Infrastructure (GCI).  
 
We describe the challenges and approach to introduce a suite of standards and best practices into the 
GEO Energy Societal Benefit Area for solar radiation measurements. Challenges range from spatio-
temporal coverage across different scales and data quality to intellectual property rights and existing 
terminology. The approach includes means to share observations based on standardized data and 
metadata models and a user-friendly data exploration/management tool.  
 
The possibility to access and share data considerably improves the information base for strategic 
planning and control of new solar power resources. The platform will be integrated as a new 
component into the Webservice-Energy.org GEOSS Community Portal dedicated to Energy and 
Environment. The ability to provide users with visualisation and download features for in-situ 
measurements is seen as a key aspect to start engaging the energy community to share, release and 
integrate more in-situ measurements. This will put to the test the capacity of cooperation in the SSI 
community by introducing an unprecedented level of collaboration and eventually help to detect gaps 
in European Earth observation networks. The presentation will be an opportunity to seek further 
collaboration partners and feedback by the community. 
 

Ménard, Lionel, Daniel Nüst, Khai- Minh Ngo, Philippe Blanc, Simon Jirka, 
Joan Masó, Thierry Ranchin, Lucien Wald. Interoperable Exchange of 
Surface Solar Irradiance Observations: A Challenge, Energy 
Procedia, Volume 76, August 2015, Pages 113-120. ELSEVIER. 
doi:10.1016/j.egypro.2015.07.867 

 
 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

9 
 

  



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

10 
 

 
 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

11 
 

 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

12 
 

 
 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

13 
 

 
 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

14 
 

 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

15 
 

 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

16 
 

 
 

Publications on 2016 
 

Palma Blonda, Joan Masó, Antonio Bombelli, Hans Peter Plag, Ian 
McCallum, Ivette Serral, and Stefano Stefano Nativi, 2016. "Current 
status of the Essential Variables as an instrument to assess the 
Earth Observation Networks in Europe". European Geosciences 
Union General Assembly 2015, Vienna, Austria, 17-22 April 2016, 
EGU2016-16692. 
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(1) Consiglio Nazionale delle Ricerche, Istituto di Studi sui Sistemi Intelligenti per l’Automazione. 
CNR-ISSIA. Bari, Italy, (2) CREAF, Bellaterra (Barcelona), Spain, (3) CMCC Foundation, Euro-
Mediterranean Center on Climate Change, Lecce, Italy., (4) Old Dominion University, Norfolk, 
Virginia, USA, (5) International Institute for Applied Systems Analysis. IIASA. Laxenburg, Austria, 
(6) Consiglio Nazionale delle Ricerche. Istituto sull’ Inquinamento Atmosferico. CNR-IIA. Firenze. 
Italy  
 
ConnectinGEO (Coordinating an Observation Network of Networks EnCompassing saTellite and 
IN-situ to fill the Gaps in European Observations” is an H2020 Coordination and Support Action 
with the primary goal of linking existing Earth Observation networks with science and technology 
(S&T) communities, the industry sector, the Group on Earth Observations (GEO), and Copernicus. 
The project will end in February 2017.  
 
Essential Variables (EVs) are defined by ConnectinGEO as “a minimal set of variables that 
determine the system’s state and developments, are crucial for predicting system developments, and 
allow us to define metrics that measure the trajectory of the system”. . Specific application-dependent 
characteristics, such as spatial and temporal resolution of observations and data quality thresholds, 
are not generally included in the EV definition.  
 
This definition and the present status of EV developments in different societal benefit areas was 
elaborated at the ConnectinGEO workshop “Towards a sustainability process for GEOSS Essential 
Variables (EVs),” which was held in Bari on June 11-12, 2015 (http://www.gstss.org/2015_Bari/). 
Presentations and reports contributed by a wide range of communities provided important inputs 
from different sectors for assessing the status of the EV development.  
 
In most thematic areas, the development of sets of EVs is a community process leading to an 
agreement on what is essential for the goals of the community. While there are many differences 
across the communities in the details of the criteria, methodologies and processes used to develop 
sets of EVs, there is also a considerable common core across the communities, particularly those 
with a more advanced discussion. In particular, there is some level of overlap in different topics (e.g., 
Climate and Water), and there is a potential to develop an integrated set of EVs common to several 
thematic areas as well as specific ones that satisfy only one community.  
 
The thematic areas with a more mature development of EV lists are Climate (ECV), Ocean (EOV) 
and Biodiversity (EBV). Water is also developing a set of EVs in GEOSS. Agriculture is working 
with a common set of variables that can be considered essential to them such as Crop Area, Crop 
Type, Crop Condition, etc. More work is required for an agreement on other sets of EVs for 
Disasters, Health and Ecosystems.  
 
Being cross-domain topics, these areas can make use of existing sets of EVs (such as ECVs, EOVs 
and EBVs) complemented by socioeconomic variables that can help to characterize services (e.g., 
ecosystem services) to human societies. Renewable energy also makes use of the ECVs but there is a 
need for additional ones: solar surface irradiance and wind at different heights are good candidates to 
explore.  
 
ConnectinGEO will link with Climate, Ocean and Biodiversity communities and support Water, 
Agriculture, Renewable Energy, Health, Disasters and Ecosystems to make progress in the EV 
development by stimulating the debate in their respective international forums (mainly in GEOSS). 
The final objective is to foster EV extraction from the integrated use of in-situ and satellite Earth 
Observation data. 
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Joan Masó, Ivette Serral, Ian McCallum, Palma Blonda, and Hans-Peter 
Plag, 2016. "Topology of the European Network of Earth Observation 
Networks and the need for an European Network of Networks". 
European Geosciences Union General Assembly 2015, Vienna, 
Austria, 17-22 April 2016, EGU2016-8294.  

 
Joan Masó (1), Ivette Serral (1), Ian McCallum (2), Palma Blonda (3), and Hans-Peter Plag (4) (1) 
CREAF, Bellaterra (Barcelona), Spain, (2) International Institute for Applied Systems Analysis. 
IIASA. Laxenburg, Austria., (3) Institute of Intelligent Systems for Automation, National Research 
Council ISSIA CNR, Bari, Italy, (4) Old Dominion University, Norfolk, Virginia, USA  
 
ConnectinGEO (Coordinating an Observation Network of Networks EnCompassing saTellite and 
IN-situ to fill the Gaps in European Observations” is an H2020 Coordination and Support Action 
with the primary goal of linking existing Earth Observation networks with science and technology 
(S&T) communities, the industry sector, the Group on Earth Observations (GEO), and Copernicus. 
The project will end in February 2017.  
 
ConnectinGEO will initiate a European Network of Earth Observation Networks (ENEON) that 
will encompass space-based, airborne and in-situ observations networks. ENEON will be composed 
of project partners representing thematic observation networks along with the GEOSS Science and 
Technology Stakeholder Network, GEO Communities of Practices, Copernicus services, Sentinel 
missions and in-situ support data representatives, representatives of the European space-based, 
airborne and in-situ observations networks.  
 
This communication presents the complex panorama of Earth Observations Networks in Europe. 
The list of networks is classified by discipline, variables, geospatial scope, etc. We also capture the 
membership and relations with other networks and umbrella organizations like GEO. The result is a 
complex interrelation between networks that can not be clearly expressed in a flat list.  
 
Technically the networks can be represented as nodes with relations between them as lines 
connecting the nodes in a graph. We have chosen RDF as a language and an AllegroGraph 3.3 triple 
store that is visualized in several ways using for example Gruff 5.7.  
 
Our final aim is to identify gaps in the EO Networks and justify the need for a more structured 
coordination between them. 
 

Guillem Closa, Ivette Serral, and Joan Maso, 2016. "Gap analysis of the 
European Earth Observation Networks". European Geosciences 
Union General Assembly 2015, Vienna, Austria, 17-22 April 2016, 
EGU2016-16925. 

 
Guillem Closa, Ivette Serral, and Joan Maso CREAF, Bellaterra (Barcelona), Spain  
 
Earth Observations (EO) are fundamental to enhance the scientific understanding of the current 
status of the Earth. Nowadays, there are a lot of EO services that provide large volume of data, and 
the number of datasets available for different geosciences areas is increasing by the day. Despite this 
coverage, a glance of the European EO networks reveals that there are still some issues that are not 
being met; some gaps in specific themes or some thematic overlaps between different networks. This 
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situation requires a clarification process of the actual status of the EO European networks in order to 
set priorities and propose future actions that will improve the European EO networks. The aim of 
this work is to detect the existing gaps and overlapping problems among the European EO 
networks.  
 
The analytical process has been done by studying the availability and the completeness of the 
Essential Variables (EV) data captured by the European EO networks. The concept of EVs 
considers that there are a number of parameters that are essential to characterize the state and trends 
of a system without losing significant information.  
 
This work generated a database of the existing gaps in the European EO network based on the initial 
GAIA-CLIM project data structure. For each theme, the missing or incomplete data about each EV 
was indentified. Then, if incomplete, the gap was described by adding its type (geographical extent, 
vertical extent, temporal extent, spatial resolution, etc), the cost, the remedy, the feasibility, the 
impact and the priority, among others.  
 
Gaps in EO are identified following the ConnectinGEO methodology structured in 5 threads; 
identification of observation requirements, incorporation of international research programs material, 
consultation process within the current EO actors, GEOSS Discovery and Access Broker analysis, 
and industry-driven challenges implementation. Concretely, the presented work focuses on the 
second thread, which is based on International research programs screening, conclusions of research 
papers extraction, research in collective roadmaps that contain valuable information about problems 
due to lack of data, and EU research calls considering to move forward in known uncovered areas.  
 
This provides a set of results that will be later validated by an iterative process that will enhance the 
database content until an agreement in the community is reached and a list of priorities is ready to be 
delivered.  
 
This work is done thanks to the EU ConnectinGEO H2020 (Project Nr: 641538). 
 

Menard Lionel, Blanc Philippe, Gschwind Benoit, Wald Lucien, A spatial 
data infrastructure dedicated to the interoperable exchange of 
meteorological measurements in renewable energies. 16th EMS 
Annual Meeting, 12-16 September 2016, Trieste, Italy, EMS Annual 
Meeting Abstracts, 13, EMS2016-369 

 
Lionel Menard, Philippe Blanc, Benoit Gschwind, and Lucien Wald MINES ParisTech - PSL 
Research University, Sophia Antipolis cedex, France (lucien.wald@mines-paristech.fr)  
 
The meteorological measurements are identified as essential by energy producers and project 
developers of plants producing renewable energy for their business development. Policy-makers also 
need information based on such measurements to set up energy policies at local to national levels. 
Different Earth Observation (EO) components provide estimations of the meteorological variables: 
in situ sensors, processing of images taken by meteorological satellites, and numerical weather 
models. Currently, all these components are used by companies and policymakers in the renewable 
energy domain. However, they are used individually, while an efficient means of joint exploitation 
would bring great benefit. Such exploitation implies exchange of those data but means to exchange 
in-situ measurements across companies and between stakeholders in the market are still missing or of 
low specifi- cations. A new dedicated spatial data infrastructure (SDI) is presented here that intends 
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to fill this gap and enable integration and access to meteorological observations by stakeholders. This 
SDI provides an efficient means to find, access, view, download and eventually use data easily using 
well recognized standards. Data providers benefit from well-established quality-controlled procedures 
prior to data integration in the SDI. The main bottlenecks to the implementation of the SDI are 
technological obstacles and Intellectual Property Rights (IPR). Major technical difficulties arise 
because there are many data providers using many different sensor instruments. This is tackled by 
founding the SDI on a uniform, platform-independent and interoperable approach benefiting from 
GEOSS (Global Earth Observation System of Systems) recommendations on interoperability and by 
making extensive use of recognized international geospatial standards such as the OGC SWE (Sensor 
Web Enablement) framework. From the IPR point of view, commercial use of data from large 
meteorological networks is usually not allowed and companies are inclined not to publicly share data. 
However, efforts are being made to convince these stakeholders with some success. 
 

McCallum, I. et al. Land management: data availability and process 
understanding for global change studies. Global Change Biology 
(2016), doi: 10.1111/gcb.13443 
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Jules-Plag, S. and Plag, H.-P., 2016. Supporting Agenda 2030's Sustainable 
Development Goals - Agend-Based Models and GeoDesign. 
ApoGeoSpatial, 31(4), 24-30, Fall 2016.  
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In October 2015, the United Nations’ Plenary agreed on Agenda 2030, the “Road to Dignity,” as the 
Secretary General of the United Nations denotes it, which aims to achieve seventeen ambitious 
Sustainable Development Goals (SDGs) by 2030. The SDGs cover almost all areas of human 
activities and their impact on Earth’s life-support system (Table 1). 
 
THE COMPLEX SYSTEM CHALLENGE 
 
Each of the broad goals has a set of associated tangible targets. Each target comes with a set of 
target-specific indicators to measure the progress towards the targets. Making progress towards these 
targets will require the development of policies and the implementation of specific actions that can 
facilitate this progress. 
 
It is a foregone conclusion that due to the broad nature of the goals and the global intergovernmental 
involvement achieving each individual goal presents a complex system challenge. All goals pose 
highly complex problems to society. For many of the goals it is not evident that they are achievable 
or achievable by 2030. For example, SDG 1 aims at “Ending poverty in all its forms everywhere.” 
However, the absolute number of people living in extreme poverty has not changed very much since 
1800, when an estimated 95% of the global population of close to 1 Billion was living in extreme 
poverty, although the fraction has gone down very much due to a rapid growth in population since 
then. Some goals may not be understood in the same way in different countries and cultural settings. 
For example, SDG 5 has the aim to “Achieve gender equality and empower all women and girls,” 
and it is not clear that this goal is understood across all cultural and religious settings in the same way. 
An important question to ask is whether the targets as they are defined will actually bring us closer to 
the goals. This question can only be answered by fully acknowledging the complex challenge each of 
the goals presents to society. There are research needs to better understand the systemic conditions 
that are required in order to make progress toward the targets1 and to assess to what extent reaching 
the targets also implies reaching the goals. 
 
Another challenge is the interconnected nature of the goals and targets, which requires straddling the 
interests of different policymaking departments at national levels. For example, how can conflicting 
requirements for achieving “No Poverty” (Goal 1) and “Zero Hunger” (Goal 2) on the one side and 
“Life Below Water” (Goal 14) and “Life on Land” (Goal 15) on the other side be resolved? 
Additionally, the interconnected nature of the goals and targets poses a cross-country challenge 
considering the different interests and priorities of policymakers in different countries due to 
inherent differences in cultures and the perception of risk. The priority given to sustainability over 
other goals also differs from country to country and policymaker to policymaker. 
 
Together, this mesh of issues presents a challenge to achieving the overarching objective of putting 
the world on a sustainable course. It is clear, however, that making progress towards the SDGs 
requires Earth observation and science support to address the questions that need to be raised for 
each goal: 
 

1. To what extent are the goals achievable? 
2. Are the goals well-defined and understood in different countries in comparable ways? 
3. How can the complexity of the goals and associated targets be accounted for in 

policymaking? 
4. Are the targets sufficiently focused on achieving the goals? 
5. What policies and actions can facilitate progress towards the targets? 
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6. Are the indicators well-defined and providing a measure of progress towards the targets and 
goals? 

 
Open data, as strongly promoted by the Group on Earth Observations (GEO), is mandatory for the 
monitoring of progress towards the SDG targets,2 and a refocusing of Earth observations and 
science support on the needs of the Agenda 2030 is central for making progress in the global effort 
for sustainable development.3 The GEO Initiative 18 “Earth Observations in Service of the 2030 
Agenda for Sustainable Development” facilitates Earth observation-based support for the Agenda 
2030. However, answering the questions requires more science-based tools. Here, we look at the 
capability of two approaches to addressing some of these questions. We look at the benefits and 
limitations of an Agent-Based Model (ABM) approach and a GeoDesign approach. 
 

 

AGENT-BASED MODELS APPLIED TO GENDER INEQUALITY 
 
Equation-based models have very limited value for problems as complex (and wicked) as reaching 
the targets and SDGs4. The advantage of ABMs is in the ability to provide an environment for us to 
experiment and explore when we are not totally clear on all of the issues impacting a problem. 
Predictions can come later when we are better informed and the explicit nature of the ABM has 
provided tested evidence of certain results. During the programming phase of ABM development, 
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we need to formulate a clearly defined problem because computers are not equipped to handle the 
ambiguity of an ill-defined concept. 
 
This is where the power of the ABM manifestation is twofold. Firstly, due to the need for formalized 
rules, we can look at and have a better understanding of the impact of the assumptions that are made 
in our interpretation of the complex system (i.e., system composition such as boundaries, time-frame, 
scale, etc.). It allows us to look at various scenarios, test assumptions, assess internal model 
consistencies, and address sensitivities such as relation to data. Experimentation with the ABM helps 
us to identify the most relevant aspects and the core issues impacting our goals. 
 
ABMs provide avenues for the incorporation of domain expertise in a rigorous manner. With this, 
the ABM development also guides data collection and illuminates the core dynamics4. The iterative 
process of ABM development facilitates a more defined and eventually more refined model, 
ultimately giving us better direction with respect to where efforts should be placed to arrive at the 
desired goal. 
 
The second benefit of the formalization of rules is that the model can be generalized and applied 
over different domains, providing the value of repeatability. 
 
To illustrate the versatility of ABMs, we look at Goal 5 (Gender Equality, see Ta b le  1 ). The forms 
of gender inequality differ across cultural regions, and the spectrum of economic and social barriers 
for progress towards the goal has considerable spatial variability. It would be impossible to take a 
comprehensive look at the scope of this goal, so here one branch of policy support is considered. 
 
On a global scale, economic gender inequality is evident in the fact that 70% of all work is carried out 
by women but they only earn 10% of the global income. A specific example is subsistence farming: 
In societies with a large fraction of subsistence farming, the majority of the subsistence farming work 
is carried out by women. One of the major hurdles to gender equality in these societies is a woman’s 
inability to own land and gain access to financing. Most of the land is owned by men or by tribal 
organizations dominated by men. Most financing goes to men, thus solidifying and continuing the 
cycle of gender inequality. This aspect of gender inequality is broadly addressed by Target 5.a.: 
 
5.a: Undertake reforms to give women equal rights to economic resources, as well as access to 
ownership and control over land and other forms of property, financial services, inheritance and 
natural resources, in accordance with national laws. 
 
This target is open to interpretation and reinterpretation by all countries and policymakers. The 
indicators for Target 5.a are more specific, adhering to a metric. They however are decoupled from 
other relevant factors: 
 
5.a.1: (a) Percentage of people with ownership or secure rights over agricultural land (out of total 
agricultural population), by sex; and (b) share of women among owners or rights-bearers of 
agricultural land, by type of tenure. 
 
5.a.2: Percentage of countries where the legal framework (including customary law) guarantees 
women’s equal rights to land ownership and/or control. 
In order to explore the variables associated with these indicators, the factors that directly and 
indirectly impact a woman’s ability to conduct subsistence farming have to be considered. The 
complexity involved in determining these impacts is presented in Figu r e  1 .  Based on the issues 
and the broad nature of the goals and targets, it is necessary to combine the goal-based “top down” 
approach with a practical “bottom up” approach. The “top down” approach facilitates a 
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transportable decision support for all the SDGs, while the “bottom up” approach considers the 
individual factors and their specific impact on the indicator for a specific target and goal. 

FIGURE 1: Relevance of Different Goals & Targets to Meeting Goal 5 for Gender Equality, in 
Subsistence Farming 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

47 
 

As an initial step, we have developed an ABM for subsistence farming. The aim of the ABM 
experiment is to determine the factors that impact gender equality through land ownership and 
access to financing in support of subsistence farming by addressing the questions: 
 
How does distribution of land title impact the success of female farmers? 
How does access to financing impact the success of female farmers? 
How does discrimination at market impact the success of female farmers? 
How does climate change impact the success of female farmers? 
Based on the results, what are the apparent gaps that exist between the SDG indicators and the 
factors the analysis identify as impactful? 
Based on the results, what are the policies that can be put into place to help support the success of 
female farmers? 
 
Policy options in the ABM to increase equality are those that impact land ownership and access to 
financing. The initial exploratory system model simulates the seasonal cycle of buying seeds 
(including getting financing, if needed), seeding, growing, harvesting, and utilizing (marginal) gains. 
The agents are the male and female farmers, land-owner societies, markets to buy seeds and fertilizers 
and sell produce, traditional financial sources (banks) and micro-financing actors. This model was run 
over the seasonal cycle for a period of 100 years for many different scenarios. 
 
The information obtained from the analysis provides valuable guidance to the policy conditions that 
have the potential to improve the success of subsistence farming by female farmers and reduce 
gender inequality. Decoupling land ownership from financing and introducing quota systems are two 
potential policy options that may be considered based on the results. Additionally, the results help to 
identify where there are gaps in the current formulation of targets and indicators towards more goal-
focused policy development. 
 
These considerations informed by the ABM experiment provide guidance for further developing the 
ABM. Of course, access to land and finance are only the start of the subsistence farming process. In 
order for a woman to maintain land rights she must be successful in the subsistence farming project. 
As outlined in this simplified view of the interrelationship of the SDGs, better farming methods, 
institutional support for land ownership and financial support have contributions made through 
SGDs 1, 2, 3, 4, 9, 10, 13, 15 and to a lesser degree 16. Of course, additional connections with the 
other goals can be determined with further analysis. Here we focus on the indicators 5.a.1 and 5.a.2 
and the relevance of 4.6.1 and 9.3.2. It should be noted that the ABM in its current form does not 
reflect the full complexity of Target 5.a, but it provides an exploratory and explanatory approach to 
modeling aspect of Goal 5. 
 
GEODESIGN APPLIED TO SUSTAINABLE CITIES 
 
GeoDesign operates in the realm of infrastructure and the built environment. It facilitates informed 
development in advance of perceived needs, thus leading to sustainable construction development. 
The interoperability of technology facilitates integration of the subsystems of research and 
construction from the macro to the micro level, essentially developing conflict resolution 
mechanisms. It has the potential to bridge the gaps among science, social needs, economics, and 
policy, helping to resolve issues involved in designing the built environment. Integrating technologies 
offers a dynamic way of representing unseen patterns and contextual relationships across global, 
regional and local areas. 
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FIGURE 2.The traditional workflow in designing the built environment 

 
F ig ur e  2  illustrates the traditional workflow process with disciplines contained in silos. Movement 
from the administrative stage to the building stage is disjointed and involves a hand-off. This often 
inhibits the flow of information essential for responsive design. F i gu r e  2  also illustrates the 
conflicting interests that are inherent in traditional planning of human settlement. Each of the major 
players serves a different core interest and they speak a different discipline-specific language. 
The development of a GeoDesign Hub (Figu re  3 ) made possible by interoperability facilitates the 
smooth flow of captured data to the disciplines and areas where it is needed in a timely manner. 
Information created through “data informed processes” re-enters the Hub making the system more 
intelligent. Feedback from the various disciplines and crowdsourcing further informs the 
development of educational needs. Thus, the interoperability of technology brings sustainability and 
its facets, such as disaster risk, resilience, adaptive capacity, and livelihood into the design argument. 

 
FIG U RE 3 .  A GeoDesign Hub provides an interdisciplinary collaborative platform for the 

development of options 
 
When interoperability is optimized, development has the ability to go from the point of impetus to 
examples of potential ‘built’ models. Similar to the ABM outlined above, it gives us the ability to 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

49 
 

explore scenario iterations in the design process. It allows the signal that triggered the course of 
development to be amplified throughout the course of development. 
 
Considering Goal 11, which aims to “Make cities and human settlements inclusive, safe, resilient, and 
sustainable,” the GeoDesign approach can help by facilitating a better understanding of why we build 
and what the goals are. Even more so, it allows us to account for the relation of cities and 
human settlements to all the other goals. 
 
The targets of Goal 11 focus on access to housing, transportation and green spaces, the promotion 
of planning and the enhancement of architecture and technology to reduce pollution and improve 
resilience to climate change, thus minimizing the loss of human life and resources (paying special 
attention to the protection of natural heritage centers). Similar to the case of Goal 5, many of the 
other goals have targets that are relevant to the targets of Goal 11 (Fig u re  4 ), but the indicators 
for these targets mostly are not focused on the scope of Goal 11. A particular challenge for the 
targets of Goal 11 is in the development of indicators for such wide targets. We consider two of the 
targets relevant to the development of sustainable human settlements: 
 
Target 11.1: By 2030, ensure access for all to adequate, safe and affordable housing and basic 
services and upgrade slums. 
 
Target 11.5: By 2030, significantly reduce the number of deaths and the number of people 
affected and substantially decrease the direct economic losses relative to global gross 
domestic product caused by disasters, including water-related disasters, with a focus on 
protecting the poor and people in vulnerable situations. 
 
The associated indicators shown in Figure 4 appear to be well connected to these targets and 
providing a measure for progress towards the targets, but the granularity with respect to the goal is 
low. 
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FIGURE 4: Relevance of Different Goals & Targets to Meeting Goal 11 for Sustainable Human 

Settlements 
OUTLOOK 
 
For each of the goals, the questions formulated in the first section need to be answered thoroughly, 
and this requires a complex system approach. The ABM experiment introduced here underlines the 
versatility of ABMs for interdisciplinary and collaborative studies informing the development of 
policy that facilitates progress towards the targets. The GeoDesign Hub is an excellent candidate for 
a collaborative platform for those goals related to the built environment and its impact on society 
and environment. It will be important to link both the ABMs and GeoDesign Hubs to a 
comprehensive and open database integrating environmental with socioeconomic data and statistics. 
The efforts currently underway in GEO towards open and integrated data and knowledge and the 
linkage to models are an important development in this direction. However, it is clear that the 
diversity and breadth of the goals require a hybrid approach, as no one method can be a “catch-all.” 
The examples considered here demonstrate the importance of the interaction between goals and 
targets and the need to capture the factors that play a role across sets of targets and goals. 
 
References 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

51 
 

1. Jules-Plag, S. and Plag, H.-P., 2016. Supporting the Implementation of SDGs. Geospatial World, 
August 15, 2016. 
2. Ryan, B., 2016. Open Data for Sustainable Development. Geospatial World, August 14, 2016. 
3. Rehka, B., 2016. Geospatial Data: Key to Achieve SDGs. Geospatial World, August 10, 2016. 
4. Epstein,J., 2008. Why Models. Journal of Artificial Societies and Social Simulation, 11(4), 12. See 
http://jasss.soc.surrey.ac.uk/11/4/12.html. 
 

Jules-Plag, S., Plag, H.-P., 2016. Supporting the Implementation of SDGs. 
Geospatial World, On-line publication on August 15, 2016. 
http://www.geospatialworld.net/article/supporting-implementation-
sdgs/. 

 

 
Figure 1: Relevance of earth observations and science and technology support for the 
implementation and monitoring of progress towards the SDGs and associated targets 

  
Geospatial data, including observations of the natural and build environment and data on the socio-
economic system, will be crucial for both the monitoring of progress towards the targets and the 
planning of actions to make progress 
 
The Agenda 2030 agreed upon by the United Nations in 2015 aims to achieve 17 Sustainable 
Development Goals (SDGs) addressing almost all societal, economic and environmental issues 
impacting the sustainability of our modern global society. Each of the goals comes with a set of 
specific targets. In order to monitor progress, a monitoring framework consisting of currently 240 
indicators has been developed. The governments of the world are challenged with the development 
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of policies and the implementation of actions that would lead to progress towards these ambitious 
goals and their associated targets. 
 
Science and technology support is needed to inform policy development and to monitor progress 
(Figure 1). Geospatial data, including observations of the natural and build environment and data on 
the socio-economic system, will be crucial for both the monitoring of progress towards the targets 
and the planning of actions to make progress. The formal monitoring of progress towards the targets 
is based on the monitoring framework defined by the Interagency and Expert Group on SDG 
monitoring (IAEG-SDGs) and accepted by the United Nations Statistical Commission. The 
monitoring framework has defined indicators for each of the targets. For many of the currently 240 
indicators traditional earth observations (EO) are required for quantification, and even more of the 
indicators require information on the built environment. The Group on Earth Observations (GEO) 
in its GEO Initiative 18 (GI-18) is developing methods for the quantification of those indicators that 
depend on EOs for quantification (A in Figure 1). The Horizon 2020 Project “ConnectinGEO” 
developed a goal-based approach to the identification of essential variables and applied this approach 
to the SDG indicators. 
 
This research showed that only some of the SDG Indicators require traditional EOs of the natural 
environment for quantification, while many of the essential variables of the SDG monitoring 
framework are related to the built environment. This brings up the question to what extent some of 
these essential variables could be extracted from available earth observations or gathered by using Big 
Data analysis, citizen scientists, the Internet of Things and other forms of crowdsourcing. However, 
the integration of the new data, including data from “human sensors”, into an integrated database 
available for analysis and models remains a challenge. 
 
For many of the indicators, the integration of socio-economic statistical data with environmental data 
is of importance (B in Figure 1). It is anticipated that GEO could use it convening power to facilitate 
this integration and develop the Global Earth Observation System of System (GEOSS) towards the 
platform for this integration. 
 
Applying the goal-based approach to the SDG Targets (C in Figure 1) shows that many of the targets 
would benefit from indicators that are directly related to the natural environment. A revision of the 
monitoring framework could take this finding into account and account for the linkage of the socio-
economic and environmental aspect reflected in the SDGs. 
 
Besides supporting the monitoring, there is an urgent need to support the planning of actions and 
the development of policies that would facilitate progress towards the SDG targets (D in Figure 1). 
In some cases, research is needed to better understand the causes of the current problems and to 
develop the avenues to more sustainability. The EOs are important for most of this research. For 
many of the goals, tools to assess the impact of actions and policies are lacking and models need to 
be developed. In order to capture the complexity these models need to embrace a hybrid approach. 
To capture the complexity, agent-based models will be crucial. The development and validation of 
these models depend on a number of factors. The former depends on how well the real world has 
been modeled and applied to the agent-based model. It has to be ensured that the best available 
modeling parameters and framework is applied by coupling the agent-based model with existing 
models. In applications associated with the built environment it would be prudent to couple a Geo-
design model with the agent-based model. Data and knowledge integration can be achieved using the 
already developed concepts of geo design. A geo design hub can be a starting point for the 
integration of built and natural environment with socio-economic data and support policy 
development (Figure 2). A combination of such a hub with a model Web to answer ‘What-if’ 
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question can help to facilitate cross-domain data integration. To promote such interdisciplinary and 
cross-domain tools, relevant stakeholders need to see benefits that they cannot achieve on their own. 
 

 
 
Figure 2: A Geo-Design Hub combines components of simulation tools for the assessment of policy 

impacts 
 
Similarly, environmental or sociological models can be coupled with the agent-based model. 
Validation of the agent-based models to assess policy impacts will to a large extent depend on 
integrated geospatial environmental and socio-economic data (Figure 3). 
 
While data availability is important and necessary, it is not a sufficient condition for the support of 
SDG implementation and monitoring. The decision makers on SDG implementation are normally 
far away from data on the value chain from EOs to end users and more interested in information or 
knowledge. Thus, there is a need for a transition from data to information to knowledge and the 
development of tools that provide access to knowledge. In this process, it is important that these 
tools are co-design with the end users. Importantly, research on how decisions are made and what 
type of knowledge might be needed for that would provide a basis to generate the tools for the 
decision makers to create the knowledge as needed instead of delivering a range of predefined 
knowledge products. Currently, most of the data delivery, information and knowledge systems have a 
push component to push out what providers created while a pull component to create the knowledge 
when needed does not exists. In order to provide usable support for both the implementation and 
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monitoring of SDGs, a pull component needs to be developed in a co-design and co-creation 
process. 
 
Progress towards open data has been a success over the recent years and GEO played an important 
role in this. For the integration of socio-economic and environmental data, more progress is needed. 
Open data and the democratizing of access to data and information are very important for the 
success of the Agenda 2030 particularly for the buy-in of a broad range of stakeholders. But equally 
important is open knowledge and a democratizing of access to knowledge derived from EOs and 
other data. Policies that would support the integration of socio-economic and environmental data, 
support cross-domain collaborations, open data and open knowledge, and facilitate the development 
of cyber infrastructure for data integration and tool development would be beneficial for the Agenda 
2030 and the implementation and monitoring of the SDGs. 
 

 
Figure 3: Agent-based models coupled with geospatial information for the assessment of policy 

impacts. From Rebaudo et al., 2011, JASSS, 14, 7 
 
GEO can use its convening power to bring together the groups that can achieve the identification of 
all relevant EVs for both the current and a future updated monitoring framework and the integration 
of socio-economic and environmental data. The Socio-Economic and Environmental Information 
Needs Knowledge Base (SEEIN-KB), which is currently under development in the GEO 
Foundational Task GD-09 “Knowledge Base Development” will be an important tool for this 
important work. GEO also has sufficient involvement of Science and Technology communities to 
facilitate support for the implementation of the SDGs. An important task for GEO is to establish a 
working relationship with the IAEG-SDG to participate in the review of the current monitoring 
framework. 
 
The GI-18 is strongly focusing on the development of training and capacity building programs 
directly related to the use of EOs for the monitoring of the SDGs. The implementation plan of GI-
18 includes a number of tangible goals to be achieved by 2020. The development of toolboxes 
supporting the implementation of SDGs is an important contribution to this effort. The global 
nature of GEO allows for actions that lead to capacity building on a global scale. 
 
Shelley-Ann Jules-Plag 
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PREAMBLE 

Earth observations from diverse sources, including satellite, airborne, in situ platforms, and citizen 
observatories, when integrated together, provide powerful tools for understanding the past and 
present conditions of Earth system components, as well as the interplay between them. GEO is a 
facilitator of policy-level dialogue on the importance and coordination of Earth observation systems 
(including ground-, air-, water- and space-based sensors, field surveys, and citizen observatories).  

Systems for in situ observations (i.e. all ground, water- and airborne observations excluding space-
borne observations) are diverse and there is no single global group responsible for their overall 
coordination. One of the key recommendations in the GEO Evaluation Report for the first GEO 
decade recommended the “Creation of a high-level task force to promote the incorporation of in situ data into 
GEOSS.”  Subsequently, the GEO Strategic Plan 2016-2025 underlined the importance of 
coordination and improvement of in situ observation networks. Based on the guidance and 
recommendations, the GEO In Situ Task GD-06 “GEOSS In Situ Earth Observation Resources” 
was defined in the GEO 2016 Work Programme.  

Coordination of in situ Earth observations is not an easy task. Even a simple survey of in situ 
coordination groups leads to a large, incomplete and very complex system. During the preparation 
for the Task, a brief report was prepared and finalized in early 2016. This report summarizes the state 
of in situ Earth observation community, discusses the benefits of coordinating in situ observations, 
identifies challenges for this coordination, and provides recommendations on how to proceed. The 
recommendations were taken into account in developing the team and work plan for GD-06. As an 
initial activity, the GD-06 Task Team decided to prepare a report on the status of global in situ 
observation networks and existing frameworks for their coordination, include options for new in situ 
measurements and coordination scenarios. The present document is the initial outcome of this 
activity, which has been conducted during 2016. It is planned to continue this assessment in the next 
years and to prepare a more comprehensive and conclusive report. 

SCOPE AND OBJECTIVE OF THE DOCUMENT 

This report attempts to describe the main characteristics of in situ observation networks and their 
coordination across domains and regions and to outline steps that could lead to improved 
coordination. Due to the limited time available for the preparation of the document, the report 
focuses on example regions, domains, and areas. The conclusions and recommendations may 
therefore not all generalizable to a global level. 
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1. INTRODUCTION 

Efforts to develop a framework for the harmonization of Earth observations (EOs), both in situ and 
from space, have a history that goes back several decades. Here, in situ refers to all land, water, and 
air based observations, independent of the observing technology and methodology, excluding only 
space-based observations.  

In 1984, G7 initiated the Integrated Global Observing Strategy (IGOS) as a framework for EOs with 
the goal to identify the essential variables that need to be observed in order to document the changes 
that are happening on the planet and to ensure that these observations were made available. In 1998, 
major organizations in the scientific and EO fields established the IGOS Partnership (IGOS-P) in an 
effort to first identify what needs to be monitored and then to implement the corresponding 
observing systems. IGOS-P used a well-defined theme approach to define the overall strategy, which 
“recognises that in reality it is impossible, in one step and for all eventualities, to complete the 
exercise of defining all the necessary observational requirements and hence the observational 
systems, data handling, processing and analysis infrastructure for a comprehensive global system. The 
theme approach allows the coherent definition and development of an overall global strategy whilst 
recognising the different state and stage of development in different areas. Themes have not a priori 
been defined, rather it is anticipated that the user communities will identify areas that require action 
and bring forward themes for agreement and action.” (IGOS-P, 2003). The resulting IGOS-P theme 
reports were excellent outcomes defining observational needs for societally relevant themes. Many of 
the identified observational needs required in situ observations (see, e.g., Marsh et al., 2004; IGOS, 
2006).   

In 1984, G7 also gave the mandate to coordinate space-based observation to the Committee on 
Earth Observation Satellites (CEOS), and CEOS has been the space-based global coordination body 
since then. No such mandate has been given for in situ observation, and no group for global 
coordination across the wide range of domains has emerged.  

The ad hoc Group on Earth Observations (GEO) was initiated in 2003 (again by the then G8) with 
the mandate to develop an implementation plan for the Global Earth Observing System of Systems 
(GEOSS). In the resulting 10-Year Implementation Plan (GEO, 2005a) and the associated Reference 
document (GEO, 2005b), the importance of in situ observation is emphasized in many places. After 
being fully established in 2005 with a ten-year mandate to build GEOSS, GEO developed a work 
plan, which was updated on an annual basis. Unlike IGOS-P where themes emerged from a 
community and expert-based approach, the GEO Work Plan was structured according to nine pre-
defined Societal Benefit Areas (SBAs). In more recent years, additional Societal Benefit Tasks were 
added to emphasize large areas that the nine SBAs did not sufficiently cover, including those 
focusing on Oceans and Society: Blue Planet, Global Land Cover, Global Forest Observation, 
Global Urban Observation and Information, and Impact Assessment of Human Activities. In several 
SBAs and SB Tasks, the concept of Essential Variables (EVs) was adopted to identify variables that 
should be prioritized for observations (see Bombelli et al., 2016). Many of the EVs identified so far 
require in situ observations either directly or indirectly as groundtruth for space-based observations.   

During the first decade, in situ coordination for GEOSS was included in the GEO Work Plan Task 
IN-01: Infrastructure. This task included coordination of both the space-based and in situ 
observations. During the transition into the second decade, a dedicated Foundation Task GD-06 
“GEOSS In Situ Earth Observation Resources” was defined (see GD-06, 2016) with the mission to 
assess the needs for coordination of in situ observations and to enable improved cross-domain 
coordination.   
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As the first activity, the GD-06 Task Team is reviewing the levels of coordination in regions and EO 
domains with the goal to make detailed recommendations on what coordination is needed, what the 
benefits of improved coordination could be, and what option for coordination should be considered. 
In the next section, an overview is given of regional in situ observations with a focus on existing 
coordination mechanisms. Section 3 reviews the current status of in situ observations in selected 
domains. Section 4 discusses in greater depth issues that require more coordination. Finally Section 5 
provides recommendations for both the work to be carried out by GD-06 and for coordination 
activities by GEO in general.  

 
2. REGIONAL ACTIVITIES  

The current organisation of in situ data provision worldwide is very complex and resulting from 
often uncoordinated initiatives driven by both science and policy-oriented projects, established on 
different time-scales and involving many different stakeholders. An exhaustive description of the 
current landscape would therefore be extremely demanding and not achievable within the scope of 
GD-06. In this section, the current status of in situ observations and their coordination on regional 
to continental scales is reviewed for selected regions with a focus on data sharing, the relationship 
between these activities and the SBAs, and the need for additional regional and global coordination. 
It is planned to add sections for additional regions including North America, Africa, and Oceania in 
the next version of the document.  

2.1 Europe 

The European landscape of in situ observation networks, research networks and research 
infrastructures is very diverse and complex. The complexity is indicated in Figure 1 in Section 2.4.1 
below. Over the last 20 years, major efforts have been made to overcome fragmentation due to 
national boundaries, disciplinary fields, and societal sectors. Although today many initiatives exist or 
are developing that focus on coordination, there is still an urgent need for integration of networks, 
research initiatives and research infrastructures, and improvements of the links between those 
providing data and products and those needing the information for decision and policy making. 

 
2.1.1 Non-profit organisations and networks  

There are several non-profit organisations and networks in Europe dealing with coordination of in 
situ data collection, analysis and distribution. The list of organisations provided below is far from 
being exhaustive, but represents prominent European networks of, typically public, institutions 
covering a broad range of thematic themes. It is characteristic that these networks often have a legal 
mandate and a clear operational perspective implemented via, e.g., establishment and operation of 
infrastructure, observing systems, and standards.   

EuroGeographics: EuroGeographics (http://www.eurogeographics.org/) is the membership association 
for 60 European National Mapping, Cadastre and Land Registry Authorities from 46 countries. The 
main objective of EuroGeographics is the further development of the European Spatial Data 
Infrastructure through collaboration in the area of geographic information and the representation of 
its members and their capabilities. EuroGeographics’ activities focus on supporting relevant 
European policies, exchange of knowledge in the field of geo-spatial and related information, and 
harmonising and making available members’ national topographic, cadastral and other land 
information.  

EuroGOOS: EuroGOOS (http://eurogoos.eu/) is a grouping of oceanographic institutes in Europe 
with the objective of fostering, promoting, and implementing cost-efficient operational 
oceanographic services in Europe. EuroGOOS has 40 members from 19 European countries 
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providing operational oceanographic services and carrying out marine research. EuroGOOS 
coordinates European contributions to sustained marine observing systems and plays a key role in 
establishing the European Ocean Observing System (EOOS). EOOS will deliver a vision, roadmap 
and a common focal point for European ocean observing research and technology. EOOS will 
provide a flexible coordinating framework to help manage and improve the existing observing effort, 
making it more efficient and effective at different geographical scales, and for different end-users.   

EUMETNET: EUMETNET (http://eumetnet.eu/) is a network grouping of 31 European National 
Meteorological Services. EUMETNET provides a framework to organise co-operative programmes 
between its members in the various fields of basic meteorological activities such as observing 
systems, data processing, basic forecasting products, research and development, and training. 
Through its programmes, the members intend to develop their collective capability to serve 
environmental management and climate monitoring and to bring to all European users the best 
available quality of meteorological information.  

Eurogeosurveys: Eurogeosurveys (http://www.eurogeosurveys.org/) is an organisation of 37 National 
Geological Surveys and some regional Surveys in Europe representing national Geological Surveys of 
the European countries. It promotes the contribution of geosciences to European Union affairs and 
provides a permanent network between the Geological Surveys and it pursues activities that lie 
exclusively in the public interest or in the interest of public administration that will benefit from the 
combined and coordinated expertise of its members and in the direct interest of the EU. One of the 
key objectives of the Eurogeosurveys is to set up the European Geological Data Infrastructure 
(EGDI).  

Eionet: The European environment information and observation network (Eionet, 
http://www.eionet.europa.eu/) is a partnership network of the European Environment Agency 
(EEA) and its 33 member and 6 cooperating countries, aiming to provide timely and quality-assured 
data, information and expertise for assessing the state of the environment in Europe and the 
pressures acting upon it. Eionet consists of the EEA itself, six European Topic Centres and a 
network of around 1000 experts from countries in over 350 national environment agencies and other 
bodies dealing with environmental information. The Eionet partnership supports the collection and 
organisation of data and the development and dissemination of information.  

EUREF: The Reference Frame Sub Commission for Europe of the International Association of 
Geodesy (IAG) focuses on the definition, realization and maintenance of the European Geodetic 
Reference Systems. It engages in the promotion and assistance of the adoption and use of European 
Terrestrial Reference System (ETRS89) and European Vertical Reference System (EVRS) and the 
development and maintenance of the EUREF GNSS Permanent Network (EPN), which is the 
ground based GNSS infrastructure for scientific and practical applications in positioning and 
navigation. EUREF provides all its products on the “best effort” basis and free of charge to the 
public. The EPN is a voluntary federation of over 100 self-funding agencies, universities, and 
research institutions in more than 30 European countries. They work together to maintain ETRS89, 
which is the single Europe-wide standard coordinate reference system adopted by the European 
Commission (EC). In addition, the Infrastructure for Spatial Information in the European 
Community (INSPIRE) Directive 2007/2/EC of the European Parliament and of the Council as 
regards interoperability of spatial data sets and services established - among other requirements - that 
the ETRS89 shall be used for the referencing of spatial data sets in INSPIRE. The ETRS89 geodetic 
reference is widely used in continental Europe. Furthermore, the increasing use of GNSS networks 
incline countries to use the ETRS89. In addition to its key role in the maintenance of the ETRS89, 
the EPN data are also used for a wide range of scientific applications such as the monitoring of 
ground deformations, sea level, space weather and numerical weather prediction. In response to 
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evolving user needs and the changing GNSS landscape, EUREF is working for the continuous 
development of new applications and products through Working Groups and Pilot Projects. 

2.1.2 Other examples of European/EU initiatives  

In Europe a major development has been the entering into force of the INSPIRE Directive in May 
2007, establishing an infrastructure for spatial information in Europe to support Community 
environmental policies, and policies or activities which may have an impact on the environment. 
INSPIRE aims to create an EU spatial data infrastructure, enabling the sharing of environmental 
spatial information among public sector organisations and better facilitate public access to spatial 
information across Europe. A European Spatial Data Infrastructure will assist in policy-making 
across boundaries. Therefore the spatial information considered under the directive is extensive and 
includes a great variety of topical and technical themes. INSPIRE is based on the infrastructures for 
spatial information established and operated by the 28 Member States of the European Union. The 
Directive addresses 34 spatial data themes needed for environmental applications, with key 
components specified through technical implementing rules. This makes INSPIRE a unique example 
of a legislative “regional” approach. 

In February 2008, the EC Communication 'Towards a Shared Environmental Information System 
(SEIS)' proposed a solution to Europe's environmental information challenge 
(http://www.eea.europa.eu/about-us/what/shared-environmental-information-system-1). Since 
then, SEIS has become a collaborative initiative of the European Commission together with the 
EEA and the 39 countries of Eionet. SEIS is a key driver for the growth of the knowledge base, and 
it integrates a wealth of information from Eionet and other networks and partners, citizen science, 
crowd sourcing, and new environmental information gathering initiatives such as Copernicus. A key 
cross-cutting goal of SEIS is to provide access to environmental information, and maximise and 
expand its use.  

The European Marine Observation and Data Network (EMODnet, http://www.emodnet.eu/) 
consists of more than 100 organisations assembling marine data, products and metadata to make 
these fragmented resources more available to public and private users relying on quality-assured, 
standardised and harmonised marine data which are interoperable and free of restrictions on use. 
EMODnet is currently in its second development phase with the target to be fully deployed by 2020. 
EMODnet is a long-term marine data initiative from the European Commission Directorate-General 
for Maritime Affairs and Fisheries (DG MARE) underpinning its Marine Knowledge 2020 strategy. 
The main purpose of EMODnet is to unlock fragmented and hidden marine data resources and to 
make these available to individuals and organisations (public and private), and to facilitate investment 
in sustainable coastal and offshore activities through improved access to quality-assured, standardised 
and harmonised marine data which are interoperable and free of restrictions on use. 

The United Nations’ initiative on Global Geospatial Information Management (UN-GGIM) aims at 
playing a leading role in setting the agenda for the development of global geospatial information and 
promoting its use to address key global challenges. In addition to a global committee of experts, UN-
GIMM is developing a regional structure, and UN-GGIM: Europe’s aim is to ensure that the 
national mapping and cadastral authorities and national statistical institutes in the European UN 
Member States, the European Institutions and associated bodies work together to contribute to the 
more effective management and availability of geospatial information in Europe, and its integration 
with other information, based on user needs and requirements. UN-GGIM: Europe provides 
support to the further implementation and alignment of existing legislation, to support relevant 
ongoing initiatives and proposing actions, to be implemented as far as possible within Europe’s 
existing legal, institutional and operational frameworks addressing issues of geo-information 
management. The regional intention is to: (a) avoid duplication of efforts; (b) improve the joint 
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response to user needs and requirements; (c) encourage geospatial data interoperability, 
harmonisation and sharing; and (d) optimise the overall management of geospatial information in 
Europe. 

2.1.3 Research networks and infrastructures  
In Europe, the landscape of in situ data provision has been established mostly during the last 30 
years, in response to policies-related treaties on the one side and research requirements on the other 
side. For many years, policy- and research-driven initiatives were ran with very limited degree of 
interaction and/or coordination. While policy and treaty-driven in situ observation networks are 
often organized at Environmental Ministry level, research-driven in situ observations are instead 
supported at Research Ministry level using the European Research Infrastructure (RI) funding 
scheme. It is only over the last decade that more integrated and synergetic approaches were 
developed to bridge the different initiatives.  

The concept of infrastructure supporting environmental research was developed in Europe over the 
last decade to meet the needs expressed by the scientific communities for continuous observation of 
natural and anthropogenic processes affecting the environment. Environmental research 
infrastructures comprise major scientific equipment or sets of instruments, as well as knowledge-
containing resources such as collections, archives and thematic data infrastructures and the associated 
expertise and human resources. They provide support to access data, services and facilities within 
their own domain.  

Each environmental research infrastructure has its own particular set of scientific questions, has 
identified the stakeholders and the communities to engage and has designed its services for 
contributing to tackle environmental challenges. Indeed, every RI is designed to provide data and 
services to a wide range of user communities and as such contributing to cross- and inter-disciplinary 
research regardless of its own particular field of interest. Research infrastructures are established in 
the long-term (>20 years) but the process to reach a legal organization (for example as a European 
Research Infrastructure consortium – ERIC) is complex and can take more than a decade. At 
present, very few consortia formally exist in the environmental science: ICOS (Integrated Carbon 
Observing System), IAGOS (In-Service Aircraft for a Global Observing System), EURO-ARGO 
(European Component of broad-scale global array of temperature/salinity profiling floats), EISCAT-
3D (European Incoherent Scatter Scientific Association). Others initiatives, in the different 
environmental domains, are currently on the European roadmap preparing their long-term 
sustainable organisation : ACTRIS (Aerosol, Cloud and Trace Gases Research Infrastructure), SIOS 
(Svalbards Integrated Observing System), EPOS (European Plate Observing System) EMSO 
(European Multidisciplinary Seafloor and water-column Observatory) , DANUBIUS (International 
Centre for Advanced Studies on River-Sea Systems), EMBRC (European Marine Biological Resource 
Centre) or ANAEE (Infrastructure for Analysis and Experimentation on Ecosystems). The 
landscape will continue to evolve in the next years with different updates of the roadmap scheduled 
in 2018 and 2020. The research infrastructure program is clearly shaping the European Earth 
observing system for the upcoming decades and will address identified parameter gaps and long-term 
commitments/sustainability since a very large fraction of observations are still based on short term 
research funding.  

Despite consistent progress, the landscape of European environmental research infrastructures is still 
too fragmented (see Figure 1 below) and will benefit from further integration and collaborative work. 
Most of the RIs have similar elements in their structure, e.g. they have instrumentation (such as 
sensors or laboratories) and have dedicated data systems including elements for data acquisition, 
management, access, processing, and community support. Therefore, whilst the short/medium-term 
goal of each RIs is to foster common solutions for promoting integrated use of data through 
interoperability within its own domain of interest, it is also imperative to find robust yet lightweight 
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means to integrate data and RI services across RIs to serve an increasingly multidisciplinary scientific 
community and progress toward the holistic understanding of planet Earth and its behaviors.  

When applicable, integration of research Infrastructures and policy-driven networks is key to 
enhanced use of data and services, in particular for developing the various segments of the European 
Copernicus programme framework of Copernicus services. An excellent example is the close 
cooperation between the European Monitoring and Evaluation Program (EMEP) and ACTRIS. 
EMEP is a science-based and policy-driven instrument for cooperation in atmospheric monitoring 
and modelling, emission inventories and projections, and integrated assessment to help solve 
transboundary air pollution problems in Europe. In order to achieve its mission, EMEP coordinates 
a long-term network of stations monitoring concentrations and deposition fluxes of various 
pollutants to test the effectiveness of European policies for air quality. The network includes 
different type of monitoring stations with most numerous (>100) level 1 sites providing basic 
chemical and physical measurements of the traditional EMEP parameters, 20 to 30 level 2 sites 
providing additional physical/chemical speciation of relevant components that is necessary for 
assessing long-range transport of air pollutants, and <20 research-oriented level 3 stations nominated 
as “EMEP supersites”. Level-3 activities are research-oriented to improve the scientific 
understanding of the relevant physical-chemical processes in relation to regional air pollution and its 
control. The research infrastructure for atmospheric research ACTRIS is the funding scheme to 
ensure long-term sustainability of level-3 activities within EMEP. ACTRIS is central to providing the 
required tools for calibrating measurements and harmonizing procedures throughout the EMEP 
network by operating relevant calibration centers. When applicable, ACTRIS and EMEP data are 
managed using identical procedures and accessible through the same data center. ACTRIS is also the 
tool to providing guidance for optimizing the observation network by, for example, developing new 
standard operation procedures for atmospheric parameters. This is a excellent example of integration 
of existing programs and projects that will help building the European component of an evolving 
Integrated Global Observing System and GEOSS in a coordinated and more sustainable way. 

2.1.4 Examples of cross-cutting coordination  

Copernicus: The European Earth Observation flagship programme, Copernicus 
(http://copernicus.eu/), encompasses three components: Space, In Situ and Services. In situ data are 
an essential and integrated part of Copernicus, and are used extensively every day by the Copernicus 
services and the space component to produce products, and deliver services requested by end users. 
In the context of the Copernicus programme the term ‘in situ data’ covers a wide range of data: 
observation data from ground-, sea- or air-borne sensors as well as reference and ancillary data 
licensed or provided for use in Copernicus.  

The primary objective of the Copernicus in situ component is to provide reliable and sustainable 
access to in situ data to the Copernicus services, relying on existing capacities operated at national 
and European level, and global observing systems. The component is primarily implemented by the 
six Copernicus services, and, when overall coordination is required, by the European Environment 
Agency.  

The Copernicus services are mainly responsible for the day-to-day operational managing and 
processing of data in accordance with their requirements, and for specific data access and 
cooperation agreements with data providers. Whereas the European Environment Agency focuses 
on maintaining an overview across all the services regarding in situ data requirements, in situ datasets 
used by the services, and critical in situ data gaps. To avoid duplication of work, the European 
Environment Agency is also supposed to deliver data access solutions targeted multiple services, 
such as the Copernicus reference data access portal, CORDA.  



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

66 
 

It is the joint effort of the Copernicus services and the European Environment Agency that 
operationalise the Copernicus in situ component, but it is the indispensable in situ data contributions 
from the EU Member States, International and European networks and other data provides that 
make it possible for the Copernicus services to deliver high quality products to end users. 

ENEON: The European Network of Earth Observation Networks (ENEON) is a network of 
networks aiming to provide an integrated and harmonized perspective on EOs, forecasting and 
projecting, helping to reduce redundancies and detect gaps in the European EO arena. ENEON is 
funded by the EC through the H2020 ConnectinGEO project. Main goals are to better coordinate 
mainly non-space networks, to provide integrated observations and products for resolving 
interdisciplinary problems, to be a common voice for the observation networks, to facilitate a link 
between the networks and policy and decision makers, and to improve the sustainability of network. 
ENEON engages in gap analysis and the prioritization of gaps focusing on in situ data in Europe. 
ENEON will improve the European in situ participation in GEO and focus the networks on 
support for the implementation and monitoring of the UN Sustainable Development Goals (SDGs). 
As an initial activity, dynamic in situ Earth Observation network topography is being compiled and 
made available both as a JSON file and as a graphical interface available at 
http://www.eneon.net/graph. Figure 1 shows the networks and their interrelations based on the 
information currently in the ENEON network topography database.  

ENVRI: In Europe, environmental research infrastructures provide key tools and instruments for 
the researchers to address specific challenges within their own scientific fields. However, to tackle the 
grand challenges facing human society (for example climate change, extreme events, loss of 
biodiversity, etc.), scientific collaboration across the traditional fields will be more and more 
necessary. The Earth system is highly interlinked and the area of focus for environmental research is 
therefore our whole planet. Initiatives such as the Environmental Research Infrastructure (ENVRI) 
EU project bring together Environmental and Earth System Research Infrastructures, projects and 
networks together with technical specialist partners to create a more coherent, interdisciplinary and 
interoperable cluster of Environmental Research Infrastructures across Europe. ENVRI was first 
created in 2011 to avoid the fragmentation and duplication of efforts, making the Research 
Infrastructures’ products and solutions easier to use with each other, improving their innovation 
potential and cost/benefit ratio of the Research Infrastructure operations. ENVRIplus is another EU 
project that continues the efforts in this direction.   
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Figure 1: Topography of European Earth observation networks. The topography is continuously 
revised and updated. For lower part of the diagram, see next page. See text for details. 
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Figure 1 continued. 



H2020	Project	Nr:	641538.		Project	start	date:	01	Feb	2015		
Acronym:	ConnectinGEO		
Project	title:	Coordinating	an	Observation	Network	of	Networks	EnCompassing	saTellite	and	IN‐situ	to	fill	the	
Gaps	in	European	Observations		
Theme:	SC5‐18a‐2014.	Coordinating	European	Observation	Networks	to	reinforce	the	knowledge	base	for	climate,	
natural	resources	and	raw	materials	
 
 

69 
 

2.2 Asia 

In this section, initially only two domains have been selected as examples. There are many 
more areas that will be covered in a future version of the document.  

2.2.1 Asia-Pacific Biodiversity Observation Network (AP-BON) 

Responding to the call of GEO BON, AP-BON (Asia-Pacific Biodiversity Observation Network) 
was organized in 2009, one year earlier than CBD COP 10 in 2010. The history of AP-BON until 
2012 is summarized by Yahara et al. (2014). The first AP-BON workshop was held from 21–22 July 
2009 in Nagoya, and the second workshop was held from 10-11 December 2009 in Tokyo. 

Through discussion in those workshops, participants agreed on the following AP-BON visions, 
which are slightly modified from GEO BON visions: 

 To establish a coordinated Asia-Pacific network that gathers and shares information on 
biodiversity and ecosystem services, 

 To provide tools for data collection, sharing/exchange, analysis, and synthesis/integration, 
and  

 To contribute to improving ecosystem management, sustainable use of biodiversity, and 
human well-being. 

Participants also agreed on the following AP-BON missions: 
 Observing and analyzing changes in biodiversity over time. 

 Improving delivery of biodiversity information and services to users, particularly decision 
makers. 

 Facilitating linkages among many countries, organizations, and individuals contributing to 
biodiversity observations. 

 Identifying gaps between existing biodiversity observation systems and promoting 
mechanisms/projects to fill them. 

Since 2009, AP BON made good progress in achieving those missions including contributions to the 
success of CBD COP10 in Nagoya in 2010. As for the first mission, significant progress has been 
made from 2011 to 2015 through a project "Integrative observations and assessments of Asian 
biodiversity" sponsored by the Environment Research and Technology Development Fund of the 
Ministry of Environment Japan. An example of the progress is a series of plot-based surveys on 
vascular plant richness in Vietnam, Cambodia, Thailand, Myanmar, Malaysia and Indonesia where a 
total of 115 plots with the same size of 100 m x 5 m have been placed in collaborations with 
botanists in those countries. In each plot, all the vascular plants including trees, shrubs, herbs, 
climbers and epiphytes have been recorded, photographed, and collected. The specimens obtained 
from those surveys have amounted to 24,259 and the number of operational “species” recorded is 
approximately 19,000. For all specimens, silica-gel dried samples for DNA isolation have been 
collected. Taxonomic studies of those specimens, using both morphological observations and DNA 
barcodings, are now in progress and studies until today have resulted in publications of more than 50 
new species. In Cambodia, where 22% of forest coverage was lost between 1990 and 2010, 
permanent plots with historical records were re-surveyed and significant species richness loss was 
documented (Toyama et al. 2015).  

Another example of observing biodiversity is a series of fish survey in Mekong Basin. Kano et al. 
(2013) developed fish distribution data database that integrated information on freshwater fish 
specimens collected between 2007 and 2014 from 1571 sites in Cambodia, Laos, Thailand, and 
Vietnam. Using this database, Kano et al. (2016) assessed risks of hydropower dams and global 
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warming on freshwater fish diversity loss. Projections from scenarios assuming the synergistic effects 
of dams and global warming showed 10-20% higher impact on fish diversity than the scenarios 
assuming additive effects. 

As for the second mission, three volumes of books were published on states and trends of 
biodiversity in the Asia Pacific region (Nakano et al. 2012, 2014, 2016). Volume 1 includes overviews 
of biodiversity observations in the Asia-Pacific region, introductions to some useful databases, 
reviews of new tools and methods, and summaries of states and trends in biodiversity and ecosystem 
services in the Asia-Pacific region.  Volume 2 includes documentations on achievements and 
challenges of AP BON since Volume 1, introductions to advanced methods of integrated 
biodiversity observations and reviews of socio-economic aspects of biodiversity. Volume 3 focuses 
on states and trends of freshwater biodiversity in the Asia-Pacific region. 

As for the third mission, an active network of biodiversity observation in the Asia-Pacific region was 
developed through seven workshops and additional related meetings. Participants of those meetings 
are from Japan, Mongolia, Korea, China, Taiwan, Vietnam, Laos, Cambodia, Thailand, Myanmar, 
India, Nepal, Malaysia, Singapore, Brunei, Indonesia, Philippines, Fiji, Palau, Samoa, Papua New 
Guinea and Australia (as an observer). 

The seventh workshop was held from 19-20 February 2016. In this most recent workshop, 
participants discussed about the following questions; 

 Why, what, where do we observe? 

 What is APBON’s niche? 

 How do we promote the organization of BONs in the AP Region? 

 How do we strengthen the link of APBON to GEOBON? 

 How do we align the biodiversity initiatives that are in the region? 

Also, the participants discussed about future plans of AP BON including the publication of AP 
BON Book Volume 4, training courses of taxonomy and data sharing, summary of national red lists 
etc. We will continue our efforts to achieve those plants by which we can strengthen our activity of 
biodiversity observations in the Asia-Pacific region, including data collection, sharing, analysis, and 
synthesis, and contribution to sustainable use of biodiversity. 

2.2.2 AsiaFlux 

AsiaFlux is one of regional research networks under FLUXNET (http://fluxnet.ornl.gov/, Figure 2) 
bringing together scientists from universities and institutions in Asia to study the exchanges of 
carbon dioxide, water vapor, and energy between terrestrial ecosystems and the atmosphere across 
daily to inter-annual time scales. Its mission is to bring Asia's key ecosystems under observation to 
develop and transfer scientific knowledge to ensure quality and sustainability of life in Asia. The 
purpose of the network is to develop collaborative studies and datasets on the cycles of carbon, water 
and energy in key ecosystems in Asia, to organize workshops and training on current and related 
global change themes, and to cultivate the next generation scientists to become informed leaders and 
stewards with skills and perspectives to address global climate change in Asia. 

AsiaFlux was established in 1999, and up to now it has held 11 international scientific conferences 
and workshops in Japan, Korea, China, Thailand, Taiwan, Malaysia, the Philippines, and India. One 
of the highlighted activities within AsiaFlux is the capacity building program based on short training 
courses, training workshops, and joint field practices. The program started in 2006 with financial 
supports from two projects, namely “Standardization and Systematization of Carbon-Budget 
Observation in Asian Terrestrial Ecosystems Based on the AsiaFlux Framework” by the Asia-Pacific 
Network for Global Change Research (APN), and “Initiation of the next-generation AsiaFlux” by 
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the Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT). The main 
objectives of the program were originally to initiate eddy covariance measurements for energy, water 
vapor, and CO2 flux sites and to grow research communities for the sites in each country and region. 

Capacity building programs have been planned and conducted depending on each target and need 
from different countries and regions. The targeted groups have been, among others, beginners in the 
field, i.e., persons with observation experience of 2-3 years, and young scientists who seek to conduct 
excellent science and write better papers. The training courses for beginners have been effectively 
supported by sensor production companies attending the annual meetings of AsiaFlux. The training 
workshops for students and researchers with limited observation experience have been usually 
conducted with relatively small numbers of participants (< 15-20 persons) focusing on their own 
needs, e.g. long-term measurements and data analysis. Such small-scale training courses have been 
independently held in countries such as Malaysia, Vietnam, and Bangladesh, to raise the scientific 
level of targeted regions.  

Another essential part of AsiaFlux is data sharing based on the AsiaFlux database, which was 
officially established in 2007, starting from sharing datasets provided by about ten flux sites in Asia. 
The number of data shared in AsiaFlux database has steadily increased since then. Contributions 
from domestic and international science projects for various kinds of synthesis studies are 
indispensable. The participants have shared their quality-controlled datasets to the AsiaFlux database 
after the synthesis had been completed. In particular, CarboEastAsia (2007-2012), the international 
joint project among ChinaFlux, KoFlux, and JapanFlux (national networks for China, Korea and 
Japan) has compiled datasets throughout Asia, and the number of sites has reached approx. 30 
including forests, grassland, and agricultural fields. The project has also produced gap-filled datasets, 
and almost all the data have been shared in the AsiaFlux database. So far, a total of 104 sites across 
Asia have been registered in AsiaFlux, and the number of sites whose datasets have already been 
shared in AsaiFlux database is 36 (as of July 2016). 

 Continue expanding observation sites and communities in serious 'blank area' in Asia such as 
in south and southeastern Asia, central Asia, Siberia, and etc. 

 Improve new observation techniques and skills, and other trace gas emissions, and their 
QC/QA, and standardization 

 Improve scientific level of Asian-scale international synthesis studies and contribute to 
global communities more directly. 

For more details, see http://asiaflux.net/. 
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Figure 2: AsiaFlux registered site information (http://asiaflux.net/) 

 

3. ACTIVITIES IN DOMAINS AND SOCIETAL BENEFIT AREAS  

In this Section, activities related to in situ observations and their regional to global coordination for 
selected areas such as Geodesy (Section 3.1) and Climate and Atmospheric composition (Section 3.2) 
are described as good practices. It is planned to add other areas, such as oceans, meteorology, and 
land applications. Sections 3.3 to 3.5 describe emerging in situ implementation challenges, which 
should meet requirements of GEO. 

3.1 Geodesy 

3.1.1 The Dynamic Earth 

The Earth is a dynamic system—it has a fluid, mobile atmosphere and oceans, a continually changing 
global distribution of ice, snow, and water, a fluid core that is undergoing some type of 
hydromagnetic motion, a mantle both thermally convecting and rebounding from the glacial loading 
of the last ice age, and mobile tectonic plates. In addition, external forces due to the gravitational 
attraction of the Sun, Moon, and planets also act upon the Earth. These internal dynamical processes 
and external gravitational forces exert torques on the solid Earth, or displace its mass, thereby 
causing the Earth’s shape, gravity, and rotation to change. These dynamical processes also cause 
natural hazards like earthquakes, tsunamis, volcanic eruptions, tectonic deformations, landslides, 
deglaciation, sea level change, floods, desertification, storms and storm surges, global warming and 
many others. 
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The world’s growing population needs to cope with the consequences of the dynamic Earth system. 
Towns and cities are spreading into areas of high risk from natural hazards. Major infrastructure is 
being built in potentially hazardous areas, thereby increasing the vulnerability of society to natural 
hazards. This infrastructure is increasingly being lost in natural disasters, affecting economies on 
national and global levels, with severe societal impacts. In addition, the growing demand for access to 
food, water, energy, and materials is stressing the finite resources of planet Earth. Clearly, dynamic 
Earth system processes have a major impact on society, both now and in the future. In order to 
minimize the impact of these processes and to preserve natural resources for future generations, a 
better understanding of the processes is needed. This better understanding can only be achieved 
through observations. Only through observations will the predictive capabilities of models be 
improved, allowing impacts to be assessed and informed decisions to be made. 

EOs are needed not only for scientific research but also for societal applications such as disaster 
prevention and mitigation, managing resources like energy, water, and food, mitigating the effects of 
climate change, and protecting the biosphere, the environment, and human health. Geodetic 
observations provide the metrological foundation for EOs and provide the means to determine mass 
transport in the Earth system. Geodetic observations are therefore a cornerstone of the Earth 
observing systems needed for scientific research and societal applications. 

3.1.2 Geodetic Observations 

Geodesy is the science of the Earth’s shape, size, gravity and rotation, including their evolution in 
time. A number of different measurement techniques are used to observe the geodetic properties of 
the Earth including the space-geodetic techniques of Very Long Baseline Interferometry (VLBI), 
Satellite Laser Ranging (SLR), Global Navigation Satellite Systems (GNSSs) like the US Global 
Positioning System (GPS), and the French Doppler Orbitography and Radiopositioning Integrated 
by Satellite (DORIS) system. These space-geodetic observations also provide the basis for the 
realization of the reference systems that are needed in order to assign coordinates to points and 
objects and thereby determine how those points and objects move in space and time. For this 
purpose, the global network of tracking stations is crucial (Figure 3).  

The International Association of Geodesy (IAG), a founding association of the International Union 
of Geodesy and Geophysics (IUGG), is the international scientific organization devoted to the 
advancement of geodesy. Its origin dates to 1862 when the Prussian General Johann Jacob Baeyer 
formed the Central European Arc Measurement project with the ultimate goal of precisely 
determining the size and shape of the Earth. Today, more that 150 years later, the IAG continues to 
pursue this goal by collecting, analyzing, modeling and interpreting observational data, by advancing 
geodetic theory through research and teaching, by stimulating technological development, and by 
providing a consistent representation of the shape, rotation, and gravity field of the Earth and planets 
including their temporal variations. 

With the objective of determining global properties of the Earth like its shape and size, geodesists 
have always cooperated with each other, both nationally and internationally. To determine global 
Earth properties, observing stations must be globally distributed, by necessity requiring them to be 
located in different countries. The organizations operating the stations in the different countries must 
then cooperate with each other in order achieve the geodesists’ objective. This cooperation is 
accomplished under the auspices of the IAG. 
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Figure 3.  The GGOS network. Locations of the currently operating GNSS (solid yellow circles), 
SLR (hollow blue circles), DORIS (hollow white circles), and VLBI (hollow red circles) stations in 

the GGOS network. 

The IAG accomplishes its mission to advance geodesy through the activities of its operating 
components, including its Commissions, Services, and the Global Geodetic Observing System 
(GGOS). The Commissions represent the major fields of activity in geodesy and represent the IAG 
in all relevant scientific matters, promoting the advancement of science, technology, and international 
cooperation in these fields. The four IAG Commissions are: (1) Reference Frames, (2) Gravity Field, 
(3) Earth Rotation and Geodynamics, and (4) Positioning and Applications. 

The IAG Services organize the collection and reduction of geodetic observations and generate the 
geodetic products needed for scientific research and societal applications. There are currently 14 
Services spanning the relevant geometric, gravimetric, oceanographic, and related properties of the 
Earth. Included amongst these Services are the geometric Services of the International GNSS Service 
(IGS), the International DORIS Service (IDS), the International Laser Ranging Service (ILRS), the 
International VLBI Service for Geodesy and Astrometry (IVS), and the International Earth Rotation 
and Reference Systems Service (IERS). Figure 3 shows the locations of the currently operating 
stations in the IVS, ILRS, IGS, and IDS networks. 

Recognizing the increasingly important role that geodesy plays in scientific research and societal 
applications, the IAG established the Global Geodetic Observing System (GGOS) in 2003, first as a 
Project and then, in 2007, as a full component of the IAG. GGOS is meant to be the observing 
system of the IAG, organizing its technique-specific Services under one unifying umbrella, thereby 
forming a comprehensive geodetic observing instrument integrating the hitherto separate pillars of 
geodesy (shape, rotation, and gravity) into one consistent observing system. GGOS works with the 
other IAG components to provide unique, mutually consistent, and easily accessible geodetic 
constants, data and products for science and society. In addition, GGOS represents the IAG in the 
GEO and is IAG’s contribution to GEOSS that is being constructed by GEO. 

GGOS provides the basis on which future advances in the geosciences can be built. By considering 
the Earth system as a whole (including the geosphere, hydrosphere, cryosphere, atmosphere and 
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biosphere), monitoring Earth system components and their interactions by geodetic techniques and 
studying them from the geodetic point of view, the geodetic community provides the global 
geosciences community with a powerful tool consisting mainly of high-quality services, standards and 
references, and theoretical and observational innovations. 

Observations of the Earth’s shape, rotation, and gravity provided by the IAG’s GGOS and its 
Services show that they change on a wide range of timescales reflecting the wide range of processes 
affecting them, from external tidal forces to surficial processes involving the atmosphere, oceans, and 
hydrosphere to internal processes acting both at the core-mantle boundary as well as within the solid 
Earth itself. Measurements of the Earth's shape, rotation, and gravity can therefore be used to gain 
greater understanding of mass transport within the entire Earth system, from tracking water in its 
various phases as it cycles through the atmosphere, oceans, and land, to crustal deformation 
associated with tectonic motions and glacial isostatic adjustment, to torsional oscillations of the core. 

3.1.3 Terrestrial Reference Frame 

Geodetic observations of the Earth’s variable shape, rotation, and gravity also provide the 
basis for realizing the reference systems that are required in order to assign coordinates to 
points and objects in space and time and to describe the motion of the Earth in space. Two 
such reference frames are realized by geodetic observations: the terrestrial reference frame 
and the celestial reference frame. Since the terrestrial reference frame is attached to the Earth 
and the celestial reference frame is fixed in space, these two reference frames are linked to 
each other by the Earth’s rotation in space.  

The most accurate global celestial and terrestrial reference frames available today are the 
International Celestial Reference Frame (ICRF) and the International Terrestrial Reference 
Frame (ITRF) that are produced under the auspices of the IERS. The ICRF is represented 
by a set of estimated positions of extragalactic reference radio sources; the ITRF is 
represented by a set of estimated positions and velocities of globally distributed reference 
marks on the solid Earth’s surface associated with the VLBI, SLR, DORIS, and GNSS 
observing stations. 

The TRF determined by geodetic measurements is the indispensable foundation for all the 
sustainable EOs that are used by science and society for so many purposes, including 
navigation, mapping, surveying, construction, land development, natural resource 
management and conservation—in fact, all decision-making activities that have a geo-related 
component. It allows different spatial information, such as imagery from different space and 
airborne platforms, to be geo-referenced and aligned with each other. And it plays a key role 
in modeling and estimating the motion of the Earth in space, in measuring change and 
deformation of all components of the Earth system, and in providing the ability to connect 
measurements made at the same place at different times, a critical requirement for 
understanding global, regional and local change. Providing an accurate, stable, homogeneous, 
and maintainable terrestrial reference frame to support numerous scientific research and 
societal applications is one of the essential goals of the IAG’s GGOS. 

The advent of space-geodetic techniques enabled a rapid increase in the accuracy of at least 
five orders of magnitude of the reference frames mentioned above over the last four 
decades, and this has contributed to the economic and social development of a modern 
global society. Many applications of considerable economic value are enabled by precise 
positioning in a stable reference frame ranging from determining real-estate boundaries 
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efficiently and with high accuracy (particularly in high-value urban areas), mapping 
subsurface infrastructure, operating heavy equipment (including mining equipment), 
navigating human-controlled and autonomous vehicles, improving resource efficiency of 
agriculture, increasing safety of air traffic, to the docking of large ships in harbours, to name 
a few. Likewise, many scientific studies depend on observations that require high-accuracy 
positioning, including, for example, studies of natural and human-made hazards and disaster 
risk reduction, understanding global and climate change, monitoring sea level rise and 
groundwater level changes. EO from space and in situ observations depend crucially on the 
access to long-term stable, accurate reference frames. The importance of the reference 
frames has been acknowledged in a number of national and international resolutions, most 
recently in the United Nations General Assembly resolution on Global Geodetic Reference 
Frames (69/266). 

Geodesy uses a range of space-geodetic and traditional techniques with specific strengths 
and weaknesses to maintain the reference frames. Co-location of in situ components 
provides the means to interconnect the techniques and to reduce the individual weaknesses 
and exploit the strengths. Of particular interest are geodetic core stations, which are 
fundamental for the accuracy and long-term stability of the global celestial and terrestrial 
reference frames and the Earth orientation parameters (including time keeping) that link 
these two frames together. The core stations are those where several techniques are co-
located allowing the combination of the available techniques for the best possible products. 
A global tracking network of several hundred stations with one or more of the geodetic 
techniques is used to realize the global reference frames. The number and spatial distribution 
of the core stations has a major impact on the overall accuracy and stability of the reference 
frames and the performance of many societal applications and scientific studies. 

Besides the need for co-location to interconnect the techniques, a unique aspect of the 
geodetic in situ networks is that several techniques depend on coordinated observations of 
instruments distributed globally and joint analyses of data from the global networks. This 
need has made global coordination and data sharing an inherent characteristics of geodetic in 
situ observations. Joint observations, data management, analysis, and product delivery are 
coordinated by the global geodetic community active in the services of the IAG.  

3.2 Climate and Atmospheric composition 

The Global Atmosphere Watch (GAW) Programme was created by WMO in 1989 in 
response to the growing concerns related to human impacts on atmospheric composition 
and the connection of atmospheric composition to weather and climate. GAW’s mission is 
focused on the systematic global observations of the chemical composition and related 
physical characteristics of the atmosphere, integrated analysis of these observations and 
development of predictive capacity to forecast future atmospheric composition changes. 
These observations and analyses are needed to advance the scientific understanding of the 
effects of the increasing influence of human activity on the global atmosphere as illustrated 
by such pressing societal problems as: changes in the weather and climate related to human 
influence on atmospheric composition, particularly, on greenhouse gases, ozone and 
aerosols; impacts of air pollution on human and ecosystem health and issues involving long-
range transport and deposition of air pollution; and changes in UV radiation as 
consequences of changes in ozone atmospheric content and climate, and subsequent impact 
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of these changes on human health and ecosystems. The new GAW implementation plan was 
published in 2016.  

The mission of GAW is to reduce environmental risks to society and meet the requirements 
of environmental conventions, to strengthen capabilities to predict climate, weather and air 
quality, and to contribute to scientific assessments in support of environmental policy. For 
this purpose, GAW supports global, long-term observations of the chemical composition 
and selected physical characteristics of the atmosphere at different sites around the World, 
emphasizing quality assurance and quality control, and delivering integrated products and 
services of relevance to users, in particular for the study of climate change and its impacts. 

In providing a comprehensive set of high quality and long-term observations of atmospheric 
composition GAW supports the United Nations Framework Convention on Climate 
Change (UNFCCC), especially by contributing to the implementation plan for the Global 
Climate Observing System (GCOS), the Intergovernmental Panel on Climate Change 
(IPCC) and to the development of Global Framework for Climate Services (GFCS).  

The program is operated through the support of different stakeholders organized either at 
WMO member state level or, at regional level, as in the case of Europe with the research 
infrastructure consortia (ICOS, ACTRIS). The importance of atmospheric composition in 
the above matters was emphasized in resolutions from the Seventeenth World 
Meteorological Congress, which stressed the need to enhance the capacity of NMHSs to 
deliver on their mission by developing and improving competent human resources, technical 
and institutional capacities and infrastructure; particularly in countries where the capability to 
maintain high standards of observations, data and metadata is problematic. It also included 
Resolution 60 of the 17th Congress, which urges members to strengthen their support to the 
framework of the GCOS Essential Climate Variables (ECVs) in the collection and supply of 
data and products to support the GFCS on a free and unrestricted basis. Among others, 
GCOS ECVs include data on the composition of the atmosphere including aerosols and 
their precursors, greenhouse gas and atmospheric ozone data together with climate relevant 
cryosphere data, including glacial monitoring. 

3.3 Food security 

The growing global population - coupled with changing patterns of consumption - is 
increasing the demand for food. Food security relies on various elements related to the 
availability of safe foods, such as water abundance, vegetation stresses, yield variance and soil 
quality. Today, with increasingly limited land available for agricultural activities due to it 
depends mainly on soil fertility and its relationship with the other ecosystems, more intensive 
food production is resulting in a heightened environment impact. To that end, severe threats 
linked to agricultural production, as soil degradation and desertification, together with 
deterioration of water quality and water balance, are widely reported.  

Eliminating such effects and guaranteeing food security requires a sustainable intensification of 
agricultural production that is beneficial in order to minimize yield gap, by identifying the potential 
scope for raising average yields via optimization of spatially explicit irrigation, fertilization and 
application of pesticides. Aligned with this rationale is the long-term monitoring of cultivations, soils 
and food security essential parameters (e.g. soil degradation/acidification/moisture as well as their 
protection against the water extremes regimes (floods & drought). The collection of high-resolution 
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information about key soil properties, the amount of plant available water, nutrients and others 
which largely affect crop growth remains a challenging task in order to facilitate reduced input 
agriculture applications.  

The improved provision of EO services and improved access to that data, should be at the core of 
GEO activities. The systematic integration of EO data with high resolution (e.g. spatiotemporal and 
spectral) relying also on adequate modelling will greatly impact the level of acquired information, 
enable the evaluation of new service chains and methods and extraction of actionable agricultural 
knowledge for assessing sustainable agricultural development and food security. As a concrete, 
sustainable action towards improved access to space borne but also to in situ derived EO data, higher 
level products, and descriptive metadata, as well as knowledge on existing service chains and 
processing tools, could act as a catalyst for end-users to preserve soil and water resources from 
further degradation and adapt the appropriate agro-technical activities accordingly to microclimatic 
conditions, securing the abundance of healthy crops and yield production yearly. All these will 
facilitate further the perspective of variable rate application, according to which, agricultural inputs 
are applied in controlled amounts to the specific parts of the field that requires them.  

 

3.4 Climate Change 

Climate change is now affecting every country on every continent. People are experiencing the 
significant impacts of climate change, which include changing weather patterns, rising sea level, and 
more extreme weather events. The poorest and most vulnerable people are being affected the most. 
It is disrupting national economies and affecting lives, costing people, communities and countries 
dearly today and even more tomorrow. Climate Change is one of the sustainable development goals 
of UNEA and the recent COP21 Paris climate conference adopted the first-ever universal, legally 
binding global climate deal to set out a global action plan to put the world on track to avoid 
dangerous climate change by limiting global warming to well below 2°C. The agreement is due to 
enter into force in 2020.  

The greenhouse gas emissions from human activities are driving climate change and continue to rise, 
reaching every year unprecedented levels. Affordable technology-based or not solutions are now 
available to enable countries/regions/cities to engage in more resilient economies: renewable energy 
and other measures can substantially reduce emissions and better predicting capacity can lead to 
efficient adaptation strategies. 

Emissions of pollutants driving atmospheric composition are affecting climate Worldwide and 
people everywhere. Solutions to reduce emissions therefore require an international level of 
coordination by widest possible number of countries. Some cooperation is already undertaken within 
the International Panel for Climate Change and various international treaties. Recently, COP21 
agreement in Paris in December 2015 called for “strengthening scientific knowledge on climate, 
including research, systematic observation of the climate system and early warning systems, in a 
manner that informs climate services and supports decision-making”. 

A suitable observing system allows for informed decisions in a wide range of policy areas, including 
climate change and air quality, but also for health, international protocols and research requirements. 
Such an observation strategy therefore responds to political, societal and economic challenges and to 
the development of scientific knowledge. The challenges in promoting an observation strategy for 
the future are therefore tremendous and range from technical issues like the instrumentation to be 
applied, how to treat data etc. to more political matters like funding and sustainability.  

3.5 Sustainable Development Goals 
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In 2015, the United Nations agreed on the Agenda 2030, which aims to reach seventeen SDGs 
addressing almost all societal, economic and environmental issues impacting the sustainability of the 
modern global society. Each of the goals comes with a set of up to ten specific targets. In order to 
monitor progress, a monitoring framework consisting of currently 240 indicators has been developed 
by the Interagency and Expert Group on SDG monitoring (IAEG-SDGs) and accepted by the 
United Nations Statistical Commission in 2016 as a starting point for the monitoring. The 
governments of the world are now challenged with the development of policies and the 
implementation of actions that would lead to progress towards these ambitious goals and their 
associated targets. 

Science and technology support is needed to inform policy development and to monitor progress 
(Figure 4). Geospatial data including observations of the natural and build environment and data on 
the socio-economic system will be crucial for both the monitoring of progress towards the targets 
and the planning of actions to make progress. The formal monitoring of progress towards the targets 
is based on the monitoring framework defined by the IAEG-SDGs. The monitoring framework has 
up to two indicators for each of the targets. A first review of the indicator framework by the GEO 
Initiative 18 (GI-18) showed that many of the currently 240 indicators traditional EOs are required 
for quantification (Figure 5), and GI-18 is developing methods for the quantification of those 
indicators that depend on EOs for quantification (A in Figure 4). The Horizon 2020 Project 
“ConnectinGEO” developed a goal-based approach to the identification of EVs (Plag et al., 2016a) 
and applied this approach to the SDG indicators (A in Figure 4). This research revealed that a minor 
fraction of the SDG Indicators requires traditional EOs of the natural environment for 
quantification, while many of the EVs of the SDG monitoring framework are related to the built 
environment (Figure 6). A considerable challenge is in the collection of more information on the 
build environment. This brings up the question to what extent some of these EVs could be extracted 
from available EOs or gathered by using Big Data analysis, in situ observations, citizen scientists, the 
Internet of Things and other forms of crowd-sourcing. The Internet of Things, crowd-sourcing, and 
citizen scientists are promising developments to get the necessary observations. Creating 
collaborations that lead to the integration of the new data, including data from human sensors, into 
an integrated database available for analysis and models appears to be a necessity, but developing the 
concepts and infrastructure remains a challenge.  
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Figure 4: Earth observations and SDGs. Relevance of Earth observations and science and technology 
support for the implementation and monitoring of progress towards the SDGs and associated 

targets. See text for details. From Jules-Plag and Plag (2016a). 

For many of the indicators, the integration of socio-economic statistical data with environmental 
data, including in situ observations, is of importance (B in Figure 3). GEO has the convening power 
to bring the communities together, but to actually achieve the integration, infrastructure is required 
that provides tangible incentives for working in a cross-domain environment. It is anticipated that 
GEO could use its convening power to facilitate this integration and develop GEOSS toward the 
platform for this integration.   
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Figure 5: Dependence of SDG indicators on Earth observations. From GEO (2016). 

In the ConnectinGEO project, the goal-based approach was also applied to the SDG Target (C in 
Figure 4), and this analysis revealed that many of the Targets would benefit from indicators that are 
directly related to the environment. An example is SDG-3 “Ensure healthy lives and promote well-
being for all at all ages” and the associated Target 3.9: “By 2030, substantially reduce the number of 
deaths and illnesses from hazardous chemicals and air, water and soil pollution and contamination.” 
The Indicators included for this target in the current monitoring framework are 3.9.1 “Mortality rate 
attributed to household and ambient air pollution” and 3.9.2 “Mortality rate attributed to unsafe 
water, unsafe sanitation and lack of hygiene (exposure to unsafe WASH services).” These indicators 
are focusing on the impacts and outcomes in terms of mortality. However, mortality is not a good 
indicator for progress towards the target because there is an accumulative effect of air quality that 
generates a huge time delay between changes in air quality and mortality rates. For example, a 
decrease in mortality can happen even if pollution is increasing in the short term. The existing SDG 
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indicators for Target 3.9 do not account for the time-lagged relation between pollution and mortality. 
Adding indicators for the state of the system (e.g., long-term changes in air quality) would reduce the 
time lag between actions taken to make progress towards the targets and a change in the indicators. A 
similar situation is found for many other Targets. Many of the more environmentally focused 
indicators would require in situ data for quantification. A revision of the monitoring framework 
could take this finding into account and account for the linkage of the socio-economic and 
environmental aspect reflected in the SDGs.  

Besides supporting the monitoring, there is an urgent need to support the planning of actions and 
the development of policies that would facilitate progress towards the SDG Targets (D in Figure 4). 
For many of the SDGs, research is needed to better understand the causes of the current problems 
and to develop options that could lead to more sustainability. Both space-based and in situ EOs are 
important for most of this research. Tools to assess the impact of actions and policies are lacking for 
most of the SDGs and models capable of answering “What if” questions need to be developed. In 
order to capture the complexity, these models need to embrace a hybrid approach and require data 
assimilation. To capture the complexity, agent-based models will be crucial. The development and 
validation of these models depend on a number of factors. The former depends on how well the real 
world has been modeled and applied to the agent-based model. It has to be ensured that the best 
available modeling parameters and framework is applied by coupling the agent-based model with 
existing environmental models. In applications associated with the built environment it would be 
prudent to couple a Geo-Design model with the agent-based model. Data and knowledge integration 
can be achieved using the already developed concepts of Geo-Design. A Geo-Design hub can be a 
starting point for the integration of built and natural environment with socio-economic data and 
support policy development. To promote such interdisciplinary and cross-domain tools, relevant 
stakeholders need to see benefits that they cannot achieve on their own. 

 
Figure 6: Using the goal-based approach of ConnectinGEO to identify EVs for SDG indicators. For 
several indicators, traditional EOs are required for quantification (e.g., Indicator 6.3.2; left example), 
while most indicators require statistical data or observations related to the built environment (e.g., 

Indicators 6.3.1, left, and Indicator 1.4.1, right). Modified from Jules-Plag and Plag (2016b). 

The GI-18 is strongly focusing on the development of training and capacity building programs 
directly related to the use of EOs for the monitoring of the SDGs. The implementation plan of GI-
18 includes a number of tangible goals to be achieved by 2020. We are considering including also the 
development of toolboxes supporting the implementation of SDGs. The global nature of GEO 
allows for actions that lead to capacity building on a global scale. The role of in situ observations for 
the quantification of SDG indicators should be emphasized in the capacity building activities.  
 
An important aspect of the SDGs that is often overlooked is the interdependency of the SDGs. 
Many of the individual SDGs depend on actions focusing on other SDGs, and capacity building 
needs to take this into account. For example, restoring ecosystems under several Targets of SDG 15 
may be in conflict with SDG1 and SDG2. The example of Mangroves shows that they are connected 
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to several SDGs (Figure 7). As a consequence, cross-goal coordination of data collection and 
integration, including the in situ observations, would have significant benefits for a cross-goal 
consistent quantification of the indicators.  
 

Figure 7: Cross SDG links. Many of the SDGs are linked to other SDGs and actions to improve 
progress towards one target may have negative or positive impacts on others. The example of 
mangroves shows that restoring ecosystems could negatively impact food security or increase 
inequality or help to reach targets under SDG 14. Modified from Jules-Plag and Plag (2016b). 

 
4 ISSUES REQUIRING GLOBAL COORDINATION 

In this section, issues identified so far are summarized for a very limited set of selected areas. It is 
planned to review more areas in the coming years. The issues addressed include sustainability of 
existing observation infrastructure, investments for new infrastructure, and emerging technologies 
and new approaches.  

For in situ observation, many observational networks are initially established for research purposes 
with a limited lifetime. Facilitating the transition from research to sustained long-term operation is an 
issue recognized by GEO from early on but no process has been developed to identify suitable 
candidate infrastructures and to facilitate the transition. Another issue requiring more attention is the 
coordination of the integration of space-based and in situ observations. The analysis of requirements 
resulting from SDG monitoring also revealed the need for integration of environmental and socio-
economic (statistical) data – a need recognized by GEO from the start, however, without sufficient 
progress being achieved for this integration. These issues will be addressed by GD-06 in the coming 
years.  

4.1 Sustainability of Existing Measurements for Climate 

According to IPCC’s latest assessment report, the human influence on the climate system is clear and 
continued emissions at the current rate will cause changes to all components of the climate system. 
The universally accepted Sustainable Development Goal 13, calls for urgent actions to combat 
climate change and its impact; the thrust area 13.3 talks about improved education, awareness and 
human and institutional capacity for mitigation, adaptation, impact reduction and early warning. A 
sound base of knowledge and information, derived from high quality climate data is key to tackle the 
challenges associated with climate change. Systematic long term monitoring of the climate system is 
not only a fundamental prerequisite to understand both the change and resulting consequences, but 
is also a prerequisite for making decisions at all levels. The World Climate Conference in 2009 
decided to establish the Global Framework on Climate Services (GFCS) as a UN initiative, 
spearheaded by WMO. The five components (pillars) of GFCS are user-interface platforms, climate 
service information systems, observation and monitoring, research, modelling and prediction and 
capacity development. It is clear that the demand from governments, institutions and citizens for 
more useful and reliable information, products and services is increasing, placing the World 
Meteorological Organization (WMO) and its Members' National Meteorological and Hydrological 
Services (NMHSs) in the forefront for the provision of these products and services. Conclusions 
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from the Seventeenth World Meteorological Congress stresses the need for enhancing the capacity of 
NHMSs to deliver on their mission by developing and improving competent human resources, 
technical and institutional capacities and infrastructure, particularly in countries where capability to 
maintain high standards of observations, data and metadata is problematic. 

As mentioned in the report, the Earth global observing system has improved substantially in the last 
decades but efforts still are needed to address current gaps and shortcomings, and to continue 
building on existing observational, data management and exchange systems, adding enhancements 
where needed to support provision of climate services. Analysis of gaps in the geographical coverage 
of WMO/GAW climate observations shows that numerous in situ stations have been recently closed 
or are facing difficulties in reporting information. Many of these stations are actually located in 
regions where information is crucially lacking. It is important to address the reasons why long-term 
programs for the provision of ECVs are rarely established in the long-term in many countries. Many 
hydro-meteorological institutions in charge of weather prediction may not have yet integrated the 
new GFSC framework in their priority actions, which is perhaps a cause for some of the difficulties. 
Sustainability of the observing system will require that UN member countries, with their own climate 
change policies, strategies and action plans, engage in concerted and systematic efforts for integration 
of climate risk management in development efforts. Use of climate information at the national level 
plays an important part in the capacity and willingness of countries to maintain and further develop 
systematic observation and monitoring of climate variables.  

The spread and intensity of this engagement varies depending upon the contexts, national 
circumstances, programs, needs and capacities of different national entities to efficiently make use of 
data and services provided by GFCS. For the sustainability of the in situ observing component, it 
seems essential to ensure that climate observations are put to good use in the national level 
communications on climate change (national adaptation plan, national adaptation plan of action, 
national mitigation plan, national communications to UNFCCC etc.). This implies that stimulating 
the demand for climate observations/climate information at the user level in the countries and also 
raising the expertise of potential beneficiaries would be effective tools to motivate national support 
of in situ observations for climate. Global cooperation and bilateral partnership between countries 
are essential to achieving this goal.   

4.2 Investigating new in situ measurements 

The prioritization of new investments for new in situ measurements is a challenging task, given the 
limited resources and rapidly increasing demands for new observations resulting from societal 
challenges. An example is the problem of monitoring progress towards the SDGs, where the SDG 
Indicators require additional information on the natural and built environment (see Section 3.5 
above). Prioritization should be based on a thorough gap analysis and agreed-upon criteria to assess 
the societal benefits of addressing certain gaps identified in this analysis. In GEO, a number of 
approaches to gap analysis have been discussed in several Tasks and components, but a thorough gap 
analysis has not be performed so far. The Task US-09-01 carried out a detailed survey of user needs 
and identified a list of prioritized observational requirements (GEO, 2012). In Europe, several EC-
funded projects have attempted domain specific (e.g., GAIA-CLIM, see van Weele, 2015) and cross-
cutting gap analyses (e.g., ConnectinGEO, see Plag et al., 2016b).  

In support of prioritizing investments for new in situ measurements, it is important for GD-06 to 
facilitate a comprehensive gap analysis with respect to available and required in situ observations. 
Such an analysis could be carried out step-wise for regions and specific societal and research 
challenges. 

Here we provide an initial description for selected areas including agriculture, global change, and 
climate, and we discuss steps toward improved access to data, identifying gaps, and building capacity.         
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4.2.1 Improving Agricultural Monitoring 

Agriculture monitoring and yield assessment need low-cost efficient methods based on EO 
technology in conjunction with agro-meteorological modelling. Therefore, new service specifications 
have been given for deriving EVs relevant for food security. Diversified EO data sets (e.g. imagery) 
and soil spectra libraries together with their metadata can be exploited for identifying soil and crop 
attributes and their spatial interrelations in a rapid, precise and inexpensive way for the benefit of all 
potential users.  

Sensors based on visible, near- and mid-infrared spectroscopy enable the collection of encoding 
values of soils that are represented in the spectra as absorptions at specific wavelengths of 
electromagnetic radiation. These can be utilized to describe soil both quantitatively and qualitatively. 
Currently, advanced technologies are being used to produce miniaturised instruments that are rugged 
and cheap and that can be used to help  extract useful information from the spectra and to enhance 
our understanding of soil. These recently developed innovative sensors have the potential to be 
applied to online scanning of soil by a tractor or robot mounted sensor-frame simplifying the 
laborious and times consuming static sampling procedure. The advancements in utilising mobile 
proximal soil sensing (PSS) for site-specific crop management show that there are advantages in the 
PSS technologies, including their ability to enable a range of applications in a variety of operational 
environments (e.g. ability to operate even during the night due to their own stable lighting 
conditions). Moreover, the progressive miniaturisation and increased speed of the spectral sensors 
will enable their use on small-sized airborne autonomous vehicles, such as quadcopters, making 
spectroscopy even more attractive. Hence, soil and crop spectra can be recorded by imaging from 
remote sensing platforms with typical super spectral, or hyper spectral capabilities (Figure 8). 

 

Figure 8: Measuring soil and crops. Soil and crop vis-NIR spectra are measured at points or by 
imaging from various developed platforms by i-BEC 

Knowing the spatial and temporal variation of soil properties and nutrients and crop stresses through 
the availability of hyperspectral georeferenced data allows the establishment of an integrated 
monitoring and awareness system for assessing yield, water availability and food security via variable 
rate strategies for crop production.  

In this respect, the high spatial and spectral accuracy of the data recorded by the in situ sensors, 
covering a wide region of the spectral range, can be used to calibrate sensors onboard planes 
(airborne) or satellites (space-borne) that are used for the development of prescription maps. Hence, 
the challenge of using multiple satellite missions, together with a large dataset of field spectral 
measurements will be addressed in the near future.  
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4.2.2 Coordinating observing strategy for measuring global changes: from networks to 
flagship stations 

Observations and monitoring are key elements of the emerging Global Framework for Climate 
Services and, more generally, are fundamental support to climate research, assessment of climate 
change, and development of policy responses. Observations are fundamental to advancing scientific 
understanding of climate and to delivering timely and purposeful climate information needed to 
support decision making in many sectors.  

Progress in the understanding of atmospheric composition changes and its drivers is therefore 
strongly linked to the availability of these observations. The coordinated efforts in the last decade to 
facilitate access to data have been extremely beneficial but more needs to be done. While today 
reasonable harmonization exists within specific networks, it is not necessarily the case between them, 
even for networks measuring similar compounds. As a result, international networks sometimes 
collect information in a relatively uncoordinated manner and the overall location of sites for 
measuring atmospheric composition from the ground is not organized in the most optimal manner. 
The Global Atmosphere Program of WMO has favoured coordination of networks worldwide with 
the concept of Global, Regional and Contributing stations reflecting somehow the degree of 
concurrent and co-located measurements of key atmospheric species of interest to air quality and 
climate studies from background sites (Figure 9). This strategy was backed by regional programs such 
as ACTRIS or ICOS in Europe, GMD-NOAA in the US, and others although some regions in the 
World do not have regionally organized programs. A similar approach was implemented in the USA 
as part of the supersite program for urban areas that led to significant advancements in measurement 
methods, atmospheric characterization, and understanding of source-receptor relationships.  

A step further for GEO would be to address the need for a higher-level coordination across 
networks relevant to different domains, i.e. atmosphere, terrestrial ecosystems, ocean, biodiversity. 
The concept of a hierarchical in situ observation system consisting of networks of measurement sites 
having increasing complexity from standard single-domain stations to flagship multi-domain stations 
may be an interesting option. Flagship stations would consist of instruments making comprehensive 
observations of the environmental character of the surrounding area from local to regional to global 
relevance. Examples of flagship stations already exist in both natural and urban environments. 
Operating a comprehensive observation station together with multi-scale modelling and satellite 
remote sensing will provide unique data of relevance to global grand challenges and will enable novel 
insights into their solutions. 

4.2.3 Facilitating access to data including ECVs  

In the 1990s, gaps in knowledge of climate and declining core observational networks in many 
countries led to calls for systematic observation of a limited set of critical variables. To provide 
guidance, the Global Climate Observing System (GCOS) program developed the concept of ECVs, 
which has since been broadly adopted in science and policy circles as described by the IGACO 
report more than a decade ago. Adequate observation capacity together with easy access to ECVs are 
therefore essentials to implementing the IGACO strategy. Even if ECVs from single networks are 
easily accessible, integration across networks or, worse, across domains is far from being 
implemented. This is a clear limitation to inter-disciplinary research in the concept of GEOSS. This 
will require common policies, models and e-infrastructure to optimize technological implementation, 
define workflows, and ensure coordination, harmonization, integration and interoperability of data, 
applications and other services between the different networks and programs providing observations 
of ECVs. A key challenge for GEO will be to facilitate data discovery and use, and to provide 
integrated end-user information technology to access heterogeneous data sources. It is clear that 
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implementing of the GEO e-environment will require addressing the necessary resources needed in 
order to meet end-user requirements. 

 

 

Figure 9: The network of operational in situ stations with the Global Atmosphere Watch program. 
Global stations (square), regional (circle) and local (cross) stations are indicated. As discussed in the 
report, while observation density is adequate for some World regions, there are still important areas 

where provision of ECV is still crucially lacking. 

4.2.4 Filling gaps in observations  

Gaps in in situ observations have many different aspects: technological gaps, geographical coverage 
gaps, gaps in computing resources, and more. Not all can be covered within this report.  

Evolution of observation strategies will have to consider emerging technologies in sensors and their 
suitability to respond to the needs of the users. The scientific community is facing technological 
revolution with key-enabling technologies that will provide the basis for innovation in a wide range 
of products.  

Uneven global and regional coverage of climate observations is still limiting our ability to adequately 
predict global change. This is due to a number of geographical, economical and political/legislative 
reasons. In the past, the main regions of focus of climate observations have been Europe and North 
America, and the marine territories traditionally influenced by them. While the main problem in 
Western and Northern Europe as well as in North America now appears to be one of network 
integration, in other parts of the world the main problem is the very limited geographical coverage. 
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Observations in continental Asia are improving but the area is still under-sampled. Clear gaps remain 
in polar and equatorial regions, and generally in the southern Hemisphere. This is partly due to the 
predominance of oceans there but also due to the lack of monitoring stations on land and to the 
restricted number of dedicated field campaigns in many parts of the Southern Hemisphere. One of 
the drawbacks of ground-based observations is the need to locate the instruments on land surfaces. 
Although data are generated at a few island sites, monitoring over the oceans, which cover about 
70% of the globe, is sparse. New technologies may contribute to fill these gaps in geographical 
coverage.  

4.2.5 Favouring regional cooperation, including training centres   

Capacity building constitutes one of the strategic priorities for improving the observing system as a 
whole. Developing and improving competent human resources, technical and institutional capacities 
and infrastructure, particularly in developing and least developed states is crucially needed. 
Developing the capacity to use and develop services provided with the GFCS is similarly important. 
GEO must include elements of capacity building in its activities from providing assistance with 
operational activities to organizing topical/specialized workshops and formal training programs to 
facilitating direct partnering or twinning between more experienced and less experienced countries 
and encouraging the establishment of outreach programmes. A regional approach for cooperation in 
training may provide the proper scale for organizing the training of technical staff on the operation 
of instruments, data handling and data quality assurance. A strong recommendation is to promote 
partnership between Europe and countries in the Southern part of Asia, America and Africa to 
ensure joint implementation of monitoring networks in these areas.   

4.3 Emerging Techniques and new Approaches  

Aerial EO has been historically considered to be expensive. Even if it can provide better resolution 
than satellite data, the revisiting time is much lower as it is limited by the costs of operation. 
Unmanned Aerial Vehicles (UAVs), also called drones, are much easier to fly and can be 
programmed to cover some areas automatically. They can carry small sensors, cameras or even 
LIDAR scanners. They cannot provide the same data quality and coverage that aerial surveys using 
precision sensors can but they can be very useful in emergency response, infrastructure and crop 
monitoring. 

There are an increasingly large number of citizen science projects active around the world involving 
the public in environmental monitoring and other scientific research activities. 

Many citizen science projects are grassroots initiatives formed in response to local concerns, but a 
few have a more global scope. However, for citizen science to have maximum impact on scientific 
research and public policy, data collected from local projects must also be re-usable on national and 
global scales (beyond the purpose for which they were originally collected) and complement official 
sources. In that respect, the EC is financing projects in the context of GEOSS that should 
demonstrate the capacity of existing citizen observatories to achieve broader scope and to integrate 
them as another source of valid EO. To do so, these projects have to base their systems on rigorous 
data quality protocols, trusted and secure systems, standard data models, open data access and data 
curation and preservation. 

In the Internet of Things a deep network of sensors is automatically contributing information to the 
network, mainly in populated areas (this time connected with is so-called smart cities) but also in 
rural areas. These networks produce vast amounts of information that need to be analyzed and 
integrated with other EO data types. 
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Another form of citizen participation is crowd-sourced information. In some cases, systems are 
harvesting the activities of citizens in social networks to, for example, generate early warnings of 
hazards or to study human distribution and social patterns. More intrusive methods can record and 
analyze the use of communication networks. This data is particularly useful for describing human 
activities and monitoring infrastructures. 

4.4 Coordinating the integration of space-based and in situ observations  

The integration of space-based and in situ observations may be accomplished in at least two ways: a) 
by using modelling to integrate and optimise the impact of combined and simultaneous use of space 
and surface observations; and b) by applying the concept of Integrated Observing Systems when 
designing and managing composite observing networks.  

Effective integration of space-based and in situ observations is key for many application areas 
including weather and air quality forecast models and operational oceanography. The combined use 
of surface and space-based observations is considered essential to meeting end users requirements 
for information about, for example, the environment, climate, and weather at national, regional, as 
well as global scales. As a consequence, the European Earth Observation programme Copernicus is 
composed of three components (space-based observations, in situ observations, and services) to 
ensure proper integration and coordination of inter alia data availability, observational requirements, 
and interoperability.  

Integrated Observing Systems, consisting primarily of existing surface and spaced-based observing 
capacities, may provide an over-arching framework for the coordination and optimised evolution of 
these capacities that will continue to be owned and operated by a diverse array of national, regional, 
and global actors.  

The advent of Integrated Observing Systems may be viewed as fundamental to meeting future 
observational requirements, avoiding duplication of work, achieving the necessary level of 
interoperability, and ensuring cost-effective solutions.  

The WMO Integrated Global Observing System (WIGOS) may serve as an excellent example of this. 
The development of WIGOS is requirements-driven with a clear orientation to inter alia public 
health, disaster risk reduction, water resource management and food security, renewable energy, 
tourism, travel, and insurance. WIGOS is building upon and adds value to the existing surface and 
space-based subsystems, while providing a foundation for the integration of new and emerging 
observational technologies. Space-based components of WIGOS will play a key role in the composite 
network design and in filling the gaps of data sparse areas, such as oceans and Polar Regions. The 
interoperability of WIGOS component observing systems will be achieved through utilisation and 
application of internationally accepted standards and recommended practices and procedures. Data 
compatibility will also be supported through the use of data representation standards. 

WIGOS is addressing all observational needs of the weather, climate, water and environmental 
services of its members, and acts as an integrator of all WMO observing systems and WMO 
contributions to co-sponsored systems. Together with the WMO Information System (WIS), 
WIGOS is a WMO contribution to GEOSS.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

The limited scope of the report, which is due to the limited time and resources available for the 
preparation, does not allow for final conclusions concerning a comprehensive state of in situ 
observations and the needs for improved coordination across national, domain, and sector 
boundaries. However, the material presented in this report exemplifies the need for coordination on 
regional levels and across disciplinary boundaries. It provides a basis for planning the future work of 
an in situ working group in GEO that continues the work of GD-06 in the next Work Programme 
and allows for initial recommendations to GEO and the identification of the building blocks of a 
road map towards improved coordination and exploitation of in situ observations.  

5.1 Benefits of Coordinating In Situ Earth Observations 

There are many societal and research challenges that need to be addressed to make progress towards 
environmental, social and economic sustainability and to support prosperous societies and the safe-
guarding of the Earth’s life support system (see e.g., Griggs et al., 2013). For many of these 
challenges, information derived from in situ observations is crucial both for a better understanding of 
the relevant processes, the development of policies, the planning of actions, and the monitoring of 
progress, as well as a support for space-based observations. Examples are the implementation and 
monitoring of the SDGs, the documenting of global change and its impact on humanity, the 
sustainable use of resources, governance of risks and the reduction of disasters, and the prediction of 
environmental conditions (such as air quality, weather, droughts, floods, seasonal climate in support 
of agriculture, sea level, and changes in environmental health). Providing the full range of 
information that could be derived from in situ measurements often would require cross-discipline 
coordination and data integration and coordination across national boundaries. In the regions 
surveyed so far, there is still a need to improve this coordination, despite considerable progress in 
recent years. Without having performed a detailed analysis for other regions not consider in this 
report, it can nevertheless be assumed that in those regions the lack of coordination limits the 
exploitation of in situ observations significantly, too. Economic activities aiming to utilize the 
potential of the available in situ observations by providing value-added services are often hampered 
by factors such as use restrictions and the lack of access to data.  

5.2 Challenges of Coordinating In Situ Earth Observations 

The regional landscape of in situ observation networks, research networks, and research 
infrastructures is complex and there are many stakeholders involved in maintaining networks, 
archiving data, processing data and generating products, and using observations for value-added 
activities. Many users are benefiting from information and knowledge derived from in situ 
observations, and many more could benefit if the providers of this information and knowledge 
would be better connected to the users and have better knowledge of their needs. The networks and 
organizations are to some extent fragmented along national, disciplinary, and sectorial boundaries. 
On global level, coordination is well developed for some discipline-focused networks (e.g., 
meteorological and geodetic networks) and to some degree by in situ components of the space 
agencies, while for the rest no global coordination mechanisms exist. The increasing societal needs 
for information derived from in situ observations is likely to also increase the need for in situ 
observations complementing the classical expert collection with new and emerging technologies and 
approaches such as the Internet of Things, citizen scientists, and crowd-sourcing. A particular 
challenge with the increasing variety of in situ networks and the new methodologies/technologies is 
in the integration and interoperability of the different data types, which requires special attention to 
the coordination of semantics and standards as well as guarantying coverage that includes remote 
areas.  
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Continuity and long-term time series are key, but in some cases, the sustainability of observation and 
processing infrastructure is not easily ensured, and decisions on discontinuing funding to networks 
are often made without a thorough analysis of the societal and scientific benefits of the observations. 
A coordinated, detailed gap analysis based on well-defined user needs could help to ensure that the 
societal benefit of networks can impact the decisions to continue or discontinue the networks. A gap 
analysis can also provide a basis for prioritization of investments on new infrastructure. In that sense, 
defined sets of EVs provide a basis for a holistic cross-domain gap analysis and prioritization. 
However, the approaches used to determine domain specific EVs show a broad range of variability 
and a cross-domain coordination of the development of sets of domain-specific EVs is urgently 
needed. GEO could play an important role in convening this coordination process.  

5.3 Recommendations to GEO 

The Task Team of GD-06 recommends that 

 a process to coordinate the development of sets of domain-specific Essential Variables be 
convened by GEO and those EVs that require in situ observation be identified; 

 the need for regional trans-boundary and cross-domain coordination of in situ Earth 
observations, including semantic harmonization, adoption of standards, processing of data 
to generate information products of value for societal users and the adherence to GEO data 
sharing and management principles, be emphasized and covered with the needed resources 
in the GEO Work Programme; 

 a comprehensive gap analysis to identify gaps in the in situ networks vis-à-vis GEO 
programmes’ requirements for in situ observations be convened by GEO with the goal of 
providing guidance for the maintenance of existing and the development of new in situ 
networks. 

5.4 Recommendation to the GEO in situ working group in the next Work Programme 

The Task Team of GD-06 recommends that 

 the survey of the state of in situ observations and their coordination be further detailed and 
extended to include Africa, the Americas, and Oceania and also add additional domains in 
Asia; 

 existing and potential new coordination models be assessed; 

 the role of the private sector as provider and user of in situ observations be considered; 

 efforts be made to provide a more complete picture of the risks of loss of observational 
continuity and issues that reduce the sustainability of in situ networks, impact the cross-
domain integration and coordination, and hamper the full exploitation of the societal 
benefits of these observations; 

 the in situ working group take an active role in collecting relevant in situ data requirements 
and a gap analysis and prioritization process that can provide guidance to the in situ 
communities with respect to unmet user needs and the prioritization of existing and new 
networks. 

5.5 Road Map Toward Increase Coordination of In Situ Earth Observations 

The following steps could facilitate progress towards improved coordination of in situ EOs: 

 Complete the descriptive analysis of the regional state of in situ observations with a focus on 
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(i) observation networks; (ii) data processing and access facilities; (iii) linkage between 
providers and users. 

 Analyse the coordination mechanisms in terms of capabilities to facilitate regional cross-
domain coordination and coordination across sectorial boundaries.  

 If necessary, develop new coordination approaches and propose these to GEO. 

 Convene regional and global conferences/workshop to promote coordination in the in situ 
communities. 

 Identify research observation networks that should be transitioned to an operational state 
and the facilitation of this transition in GEO. 
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ACRONYMS 

ACTRIS: Aerosol, Cloud, and Trace Gases Research Infrastructure 

ANAEE: Infrastructure for the Analysis and Experimentation on Ecosystems 

AP-BON: Asian-Pacific Biological Observation Network 

APN: Asia-Pacific Network for Global Change Research 

CBD: Convention on Biodiversity 

COP: Conference of the Parties 

CEOS: Committee for Earth Observation Satellites 

ConnectinGEO: Coordinating an Observation Network of Networks EnCompassing saTellite and 
IN-situ to fill the Gaps in European Observations 

CORDA: Copernicus reference data access portal 

DANUBIUS: International Cneter for Advanced Studies on River-Sea Systems 

DORIS: Doppler Orbitography and Radiopositioning Integrated by Satellites 

EC: European Commission  

EEA: European Environmental Agency 

EGDI: European Geological Data Infrastructure 

Eionet: European environment information and observation network 

EISCAT-3D: European Incoherent Scatter Scientific Association  

EMODnet: European Marine Observation and Data Network 

EMBRC: European Marine Biological Resource Centre 

EMEP: European Monitoring and Evaluation Programme 

ENEON: European Network of Earth Observation Networks 

ENVRI: Environmental Research Infrastructures 

EO: Earth Observation 

EPN: EUREF GNSS Permanent Network 

ERIC: European Research Infrastructure Consortium  
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ETRS89: European Terrestrial Reference System 

EU: European Union 

EV: Essential Variable 

EVRS: European Vertical Reference System 

ECV: Essential Climate Variable 

EURO-ARGO: European Component of broad-scale global array of temperature/salinity profiling 
floats  

GAIA-CLIM: Gap Analysis for Integrated Atmospheric ECV Climate Monitoring 

GAW: Global Atmospheric Watch 

GCOS: Global Climate Observing System 

GEO: Group on Earth Observations 

GEOBON: GEO Biological Observation Network 

GEOSS: Global Earth Observation System of Systems 

GFCS: Global Framework for Climate Services 

GGOS: Global Geodetic Observing System 

GNSS: Global Navigation Satellite System  

GOOS: Global Ocean Observing System 

GPS: Global Positioning System 

IAEG-SDGs: Interagency and Expert Group on SDG Monitoring 

IAG: International Association of Geodesy 

IAGOS: In-Service Aircraft for a Global Observing System 

ICOS: Integrated Carbon Observing System 

ICRF: International Celestial Reference Frame 

IDS: International DORIS Service 

IERS: International Earth Rotation and Reference System Service 

IGACO: Integrated Global Atmospheric Chemistry Observations 

IGOS: Integrated Global Observing Strategy 

IGOS-P: Integrated Global Observing Strategy Partnership 

IGS: International GNSS Service 

INSPIRE: Infrastructure for Spatial Information in the European Community 

IPCC: Intergovernmental Panel on Climate Change 

ITRF: International Terrestrial Reference Frame 

ITRS: International Terrestrial Reference System 

IVS: International VLBI Service for Geodesy and Astrometry 

IUGG: International Union of Geodesy and Geophysics 
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LIDAR: Light Detection and Ranging  

NMHS: National Meteorological and Hydrological Services   

NOAA: National Oceanic and Atmospheric Administration 

QA: Quality Assurance 

QC: Quality Control 

SBA: Societal Benefit Area 

SDG: Sustainable Development Goal 

SEIS: Shared Environmental Information System 

SLR: Satellite Laser Ranging 

UAV: Unmanned Aerial Vehicle 

UN: United Nations 

UNFCCC: United Nations Framework Convention on Climate Change 

UN-GIMM: UN Global Geospatial Information Management 

VLBI: Very Long Baseline Interferometry 

WIGOS: WMO Integrated Global Observing System  

WIS: WMO Information System 

WMO: World Meteorological Organization 
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Fritz et al., (2017). Global Crowdsourced Data on Land Cover, Land Use and 
Human Impact. Nature Scientific Data. (Submitted) 

3. Special issue in Environment Science and Policy 
 
Call for Paper: Special issue on 'Towards integrated Essential Variables for 
Environmental Sustainability 
 
Guest editors: Joan Masó, Stefano Nativi, Antonio Bombelli, Jay Pearlman, Tim 
Lenton, Hans-Peter Plag, Palma Blonda, Lucien Wald, Emili García-Ladona, 
Ian McCallum 
 
Abstract 
The concept of EVs started in the GCOS community and it is being adopted by 
other communities for their purposes. EVs represent a minimal set of variables 
that determine a system's state and dynamics. They are crucial for predicting a 
system's evolution. They also provide a base for defining metrics that measure 
the trajectory of the system but a common definition is still a challenge. The ECV 
for climate in support to the UNFCCC and the EBV for biodiversity are two 
prominent examples. EVs have been selected using different criteria, such as: (1) 
the impact of observations and (2) the feasibility of making such observations. 
Thus, EVs are commonly defined using a process that includes both 
measurement feasibility and expert insights on impacts. The impacts link to 
societal benefits. The characteristics (e.g. resolution, coverage, accuracy...) of 
the observations of an EV depends on the use of sensors and may not be fit for 
use for specific applications. 
 
While there are differences across the communities in the details of the criteria, 
methodologies, and processes used to develop sets of EVs, there is also a 
considerable common core across the communities, particularly those with a 
more advanced discussion. There are areas with more mature development of 
EVs such as Climate, Weather, Ocean and Biodiversity. Many communities are 
currently focused in the use of EVs for their purposes. For the environmental 
sustainability, it is crucial to address EV across disciplines. This requires 
understanding the application of EV across all range of disciplines. 
 
For this special issue we call for contributions to advance the definition and 
realization of EVs, their application as process indicators and metrics towards 
sustainable goals. We encourage contributions that offers an integrated view that 
can support policies for sustainability. 
 
Main topics include but are not limited to: 
 

 Status of EVs for different communities. 
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 Introduction of new sets of EVs following the methodology initiated by the 
weather and climate community or with new innovative procedures. 

 Integrative approaches for defining interdisciplinary EVs. 
 Characterizing observations in the context of EVs. 
 Innovative processes for deriving EV information from Earth observation 

data. 
 Procedures and best practices to validate EV measurements and 

protocols to generate them operationally. 
 Links between EV and the existing policy agendas. 
 Combining EVs with socio-economic data to extract indicators of the Earth 

and society status that can impact decision making (e.g. SDG indicators, 
planetary boundaries...). 

 The role of EVs in global and regional programs dealing with Earth 
observation (e.g. GEO, Copernicus, Earthcube, Future Earth, ERA-NET, 
Belmont Forum, etc.). 

 The costs and impacts of continuous monitoring of EVs. 
 


