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1. Introduction 
 

1.1 Aim of HYRESSA project 

HYRESSA aims at investigating the user needs of the European hyperspectral remote sensing 
research community with respect to access to and accuracy, quality and conformity of 
hyperspectral images - especially with the advent of next-generation European hyperspectral 
sensors like APEX and ARES in order to refine protocols related to calibration, acquisition, 
processing and in-situ measurements in compliance with standards. Furthermore, HYRESSA 
explores strategies on how to build a Europe-wide network of hyperspectral remote sensing 
facilities and on how to coordinate a user-oriented hyperspectral remote sensing Research 
Infrastructure. The HYRESSA outcome will be a starting point to build a European user-oriented 
hyperspectral remote sensing Research Infrastructure. More information on the project can be 
found on the project website: www.hyressa.net. 

 

1.2 Aim of Exploratory workshop 
In order to meet the objectives of HYRESSA as described in the project proposal (HYRESSA, 
2004), an Exploratory Workshop was organized (AM7). The aim of the workshop was: 
·  to explore strategies to build and coordinate a Europe-wide network of hyperspectral remote 

sensing facilities 
·  to assess existing protocols of calibration, acquisition and processing of hyperspectral data 

and their compliance with standards  
taking into account the results of AM5 and AM6.  
The outcome of the workshop should guide the further development of a distributed European 
hyperspectral remote sensing Research Infrastructure (AM9). In addition, it should provide input 
for the review and refinement of existing protocols in the field of airborne hyperspectral remote 
sensing (AM8).  
 

1.3 Outline of the report 
In this report the results of the HYRESSA Exploratory workshop are presented. The following 
chapter will explain the methods used during the workshop. The results of the workshop are 
presented in chapter three. The fourth chapter gives a summary and conclusion of the workshop. 
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2. Set-up of Exploratory Workshop 
 

2.1 Organization of sessions 
In order to fulfill the goals of the HYRESSA Exploratory workshop, three sessions divided over 
two days were organized: 
1. Plenary Session: in this session a broad overview was given on current developments and 

state-of-the-art in remote sensing infrastructures or related research infrastructures. 
Presentations were given by external experts with expertise on a specific research 
infrastructure as 20 minute lectures with some additional time for questions. 

2. Interactive Session: the presenters of the plenary session were asked to join a discussion 
panel. To make the discussion during this session more focused and clear, five themes related 
to the development of a hyperspectral remote sensing infrastructure were defined and 
elaborated prior to the workshop: 
·  Are hyperspectral earth observation data unique? 
·  The user community for hyperspectral earth observation data 
·  Accessibility of hyperspectral data and products 
·  The role of standards and products 
·  Building an infrastructure 
The panel participants discussed the indicated themes while also participation of the 
workshop participants was encouraged.  

3. Working Session: the goal of the working session was to translate the knowledge and 
experience from the plenary and interactive sessions to the specific goals of the HYRESSA 
project. Specific questions which were elaborated during this session were: 
·  How does a European Hyperspectral Remote Sensing Infrastructure relate to existing 

global, European and national infrastructures in the field of (hyperspectral) Earth 
Observation?  

·  What are the key end-users and their requirements for a European hyperspectral Remote 
Sensing Infrastructure?  

·  What are the most promising organizational structures for further development? 
As a result of this session, a first road map for future collaboration in a hyperspectral remote 
sensing infrastructure was prepared.  

2.2 Workshop 
The Exploratory Workshop was held on Wednesday 14th and Thursday 15th of March 2007 as part 
of the ISPMSRS’07 conference in Davos, Zwitserland (http://www.ispmsrs07.org/). The 
complete program of the workshop can be found in Appendix I and on the HYRESSA website 
(http://www.hyressa.net/davos.htm). The complete program of the ISPMSRS’07 conference can 
be found in Appendix V. 

2.2.1 Speakers 
A selected group of experts with an overview on (hyperspectral) remote sensing infrastructures or 
related research infrastructures was invited to give a presentation during the workshop and to 
share their experience. The following experts were invited: 
·  Dr. Michael Rast – Secretariat Group on Earth Observations (GEO) (CH) 
·  Prof. dr. Susan Ustin – UC Davis (USA) 
·  Dr. Stephen Briggs – ESA/ESRIN (I) 
·  Dr. Robert Wolfe – NASA Goddard Space Flight Centre (USA) 
·  Dr. Jean-Louis Brenguier – METEO France (F) 
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·  Dr. Brigitte Weis – European Commission 

2.2.2 Participants 
All participants of the ISPMSRS’07 conference were invited to participate in the workshop. In 
total 130 participants were attending the Wednesday morning Plenary Session of the workshop 
which was organized as part of the ISPMSRS’07 conference. In total 30 participants of which 15 
HYRESSA partners were attending the Interactive Session of the workshop. One third of the 
participants is a provider of hyperspectral data while two third are considered as users. The 
participants came from 13 different countries across Europe from universities, research institutes 
and commercial companies. The participants list can be found in Appendix II. 

2.2.3 Reporting 
For each of the three workshop sessions, reporters were appointed which made notes of the 
discussions and feedback during the sessions. In this report, the main outcome of the Exploratory 
Workshop is summarized. For further background information the reader is referred to the 
weblinks as provided in the report and the presentations of the workshop which are available 
through the HYRESSA website: www.hyressa.net/davos.htm. 
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3. Results 
This chapter consists of three parts. In the first part, relevant developments in Earth Observation 
Infrastructures will be shortly highlighted and links to relevant sources of background 
information will be indicated. Based on the discussion during the interactive session of the 
workshop, the second part of this chapter summarizes the specific requirements for a 
hyperspectral remote sensing research infrastructure. Finally, we will give an overview of the 
main components which are required to build an European hyperspectral remote sensing 
infrastructure as they were identified during the working session of the Exploratory Workshop.  
 

3.1 Current developments in Earth Observation Infrastructures 
This paragraph gives a short description of the Earth Observation Infrastructures which were 
presented during the Plenary Session of the workshop. More complete information on the 
presented infrastructures can be found through their website which can be found in this report, 
while the complete workshop presentation can be found on www.hyressa.net/davos.htm. 
 
Group on Earth Observations (GEO) 
The intergovernmental Group on Earth Observations (GEO) is leading a worldwide effort to build 
a Global Earth Observation System of Systems (GEOSS) over the next 10 years. GEOSS will 
work with and build upon existing national, regional, and international systems to provide 
comprehensive, coordinated Earth observations from thousands of instruments worldwide, 
transforming the data they collect into vital information for society. 
(http://www.earthobservations.org) 
 
National Ecological Observatory Network (NEON) 
NEON is envisioned as “a continental scale research infrastructure consisting of geographically 
distributed infrastructures, networked via state-of-the-art communications. NEON will comprise 
cutting-edge lab and field instrumentation, site-based experimental infrastructure, natural history 
archive facilities and/or computational, analytical and modelling capabilities, linked via a 
computational network. NEON will transform ecological research in the United States by 
enabling studies on major environmental challenges at regional to continental scales. Scientists 
and engineers will use NEON to conduct real-time ecological studies spanning all levels of 
biological organization and temporal and geographical scales. NSF disciplinary and multi-
disciplinary programs will support NEON research projects and educational activities.” NEON is 
tentatively scheduled to be operational by 2013, and will process data from 20 stations throughout 
the United States. 
Airborne remote sensing will play a key role in NEON because neither ground-based nor space 
borne measurements can fully capture the spatial and temporal heterogeneity of ecosystem 
structural and functional changes that occur at high spatial resolution (or grain size) over large 
geographic areas. Currently, a proposal has been put forward an airborne system with a hybrid 
hyperspectral and waveform LiDAR system operational (http://cao.stanford.edu/) which can 
provide an observational suite that simultaneously probes the biochemical and structural 
properties of ecosystems. This system will facilitate an operational collection and analysis 
approach for programs such as NEON. 
(http://www.neoninc.org/) 
 
ESA Earth Observation User Services (ESA User Services) 
ESA EO User Services provides a vast amount of content, grown and collected over more than a 
decade: detailed technical information on Earth Observation (EO) missions, satellites and sensors, 
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EO data products & services, online resources such as catalogues and library, a section dedicated 
to applications of satellite data, and access to promotional satellite imagery. Together with the EO 
Help Desk and the EO Principal Investigator Portal, Earthnet Online provides services to the 
scientific community for access to EO data via the distributed multi-mission ground segment. 
(http://earth.esa.int or http://envisat.esa.int)  
 
NASA MODIS land products (MODIS LP) 
The objective of the MODIS land team is to provide the user community with high quality, 
consistent and well-calibrated MODIS satellite data to detect and monitor changes and trends in 
relevant land variables (e.g., LAI, FAPAR, NPP). Developing the next-generation data sets for 
global change research is the challenge given to the MODIS Science Team. 
The Land Processes Distributed Active Archive Center (LP DAAC) was established as part of 
NASA's Earth Observing System (EOS) Data and Information System (EOSDIS) initiative to 
process, archive, and distribute land-related data collected by EOS sensors, thereby promoting the 
interdisciplinary study and understanding of the integrated Earth system. 
(http://modis-land.gsfc.nasa.gov/ or http://lpdaac.usgs.gov/) 
 
EUFAR 
EUFAR is an Integrated Infrastructure Initiative (I3) of the European Commission under the 
FP5/FP6 programme. EUFAR aims at coordinating the operations of the European fleet of 
instrumented aircraft in the field of environmental research in the atmospheric, marine, terrestrial 
and Earth sciences. 
(http://www.eufar.net/) 
 
Summary 
The last five years, developments in Earth Observation infrastructures show the capacity of near 
real-time processing, storage and archiving of large volumes of earth observation data. As a result 
global remote sensing products are available to end-users via standardized data portals (e.g., 
MODIS LP, ESA User Services). An important differentiation is the provision of this data at level 
2 as surface radiation or as level 3 with a broad range of possible products. However, these 
developments are mainly sensor driven, while another perspective could be the user driven one, 
which would mean customizing products to the societal needs or benefit areas as GEO describes 
them. The before mentioned infrastructures (MODIS LP, ESA User Services and GEO) are 
aiming at a global coverage mainly based on satellite based earth observation.  
 
Table 1: Overview of remote sensing based infrastructures which were presented in the 
HYRESSA Exploratory workshop. The keywords relate to the main aspects which would part of 
a future hyperspectral infrastructure as investigated in the HYRESSA project. 

Infrastructure 
name 

organisation 
type 

spatial 
extent 

application 
domain 

keywords 

    airborne hyper-
spectral 

imaging 
spectrometer 

calibration processing/ 
archiving 

standards 

GEO Intergovern-
mental group 

global 9 benefit 
areas 

X   X  X 

NEON AO Research 
Infrastructure 

continental 
US 

ecology X X X X X ? 

ESA User 
Services 

Space 
Agency 

global 
EU 

global 
environment 

   X X X 

MODIS LP Space 
Agency 

global 
US 

land    X X X 

EUFAR Research 
Infrastructure 

continental 
EU 

environment X   X ? ? 
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On a continental to regional scale, new initiatives for infrastructures are proposed (NEON 
Airborne Observatory) or have been active now for some years (EUFAR). These infrastructures 
include new sensor types like waveform LIDAR (NEON) and have the airborne platform 
(EUFAR) as a basis. A comparison was made of the infrastructures presented during the 
workshop with the key aspects which were put forward for a future European hyperspectral 
research infrastructure (Table 1). The comparison was based on the information provided in the 
presentations and from available web sources. The comparison shows that except for the NEON 
Airborne Observatory, an EU hyperspectral infrastructure is clearly complementary with the 
available infrastructures. Because of the different regional focus the overlap with the NEON 
Airborne Observatory is limited. However, it offers possibilities of synergetic development with 
knowledge transfer between the same type of infrastructure developed for different continents. 
 

3.2 Requirements of a hyperspectral remote sensing research infrastructure 
This paragraph summarizes the outcome of the interactive session of the workshop. The goal of 
this session was to explore the requirements of a hyperspectral remote sensing research 
infrastructure both from a producer and end-user perspective. In the first part of the paragraph, an 
overview of the most critical requirements is given as they were put forward during the 
interactive session. In the second part of the paragraph, these requirements are compared with the 
user requirements from the HYRESSA Questionnaire on User Needs and the SWOT and User 
Needs workshop. Textbox 1 gives an overview of infrastructures, projects or other initiatives 
which were mentioned during the interactive session and could serve as benchmark or example 
for the HYRESSA project.  

3.2.1. Overview of requirements 
The identified requirements have been grouped according to the following themes: 
1. Calibration, validation and quality control 
2. Development of products 
3. Standards  
4. User community 
 
Calibration, validation and quality control 
·  For high-quality hyperspectral data, the availability of high-quality calibration facilities is 

critical: both including laboratory facilities and vicarious calibration in the field (DLR’s Lab 
Calibration Facility built for APEX calibration and used also for ARES calibration can be 
used as a basis for Europe). 

·  Quality control: this can be organized through annual workshops (e.g., AVIRIS); through 
reports on calibration and validation issues and interaction with user-community to resolve 
technical problems (e.g., NCAVEO). 

·  Organize a standardized network of field locations which can be used for vicarious 
calibration and for which a continuous set of relevant ground data is available.  

·  Clearly define the spatial-temporal extent of the infrastructure: MODIS focuses on provision 
of daily global products, while the NEON Airborne Observatory is aiming at regional ad hoc 
provision of (ecological) products. 

·  Use already available knowledge: some years ago efforts have been made to prepare an EU 
Large Scale Facility for Imaging Spectroscopy, however project was left asleep (contact 
DLR). 

·  MODIS uses the concept of Science Teams to formulate and assess requirements already in a 
postlaunch phase but also for development of the products. Science Teams are subject to a 
periodical peer-review selection procedure which keeps the quality on the required level. 
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Box 1: Overview of infrastructures and projects which could be relevant for future development 
of a European hyperspectral remote sensing research infrastructure.  
 

 

AVIRIS 
AVIRIS is a NASA operated and financed airborne imaging spectroscopy sensor. It is a unique optical 
sensor that delivers calibrated images of the upwelling spectral radiance in 224 contiguous spectral 
channels (bands) with wavelengths from 400 to 2500 nanometers. AVIRIS has flown North America, 
Europe, portions of South America, and most recently, Argentina. The main objective of the AVIRIS 
project is to identify, measure, and monitor constituents of the Earth's surface and atmosphere based on 
molecular absorption and particle scattering signatures. 
(http://aviris.jpl.nasa.gov/) 
 
AERONET  
The AERONET (AErosol RObotic NETwork) program is a federation of ground-based remote sensing 
aerosol networks established by NASA and LOA-PHOTONS (CNRS) and is greatly expanded by 
collaborators from national agencies, institutes, universities, individual scientists, and partners. The 
program provides a long-term, continuous and readily accessible public domain database of aerosol 
optical, mircrophysical and radiative properties for aerosol research and characterization, validation of 
satellite retrievals, and synergism with other databases. The network imposes standardization of 
instruments, calibration, processing and distribution. 
(http://aeronet.gsfc.nasa.gov/index.html) 
 
ARGO  
Argo is a global array of 3,000 free-drifting profiling floats that measures the temperature and salinity 
of the upper 2000 m of the ocean. This allows, for the first time, continuous monitoring of the 
temperature, salinity, and velocity of the upper ocean, with all data being relayed and made publicly 
available within hours after collection. 
(http://www.argo.ucsd.edu/FrAbout_Argo.html) 
 
NCAVEO 
NCAVEO comprises a network of scientists, engineers and applications specialists interested in the 
calibration and validation (cal/val) of remotely sensed data. The main aim of NCAVEO is to provide a 
co-ordinated resource for users from industry and academia and also to facilitate access to benchmark 
methods and algorithms as well as identifying areas where additional research and improved methods 
are required. The network holds workshops and technical meetings and these will be advertised on the 
website. Baseline funding for NCAVEO is provided by the UK Natural Environment Research Council 
and additional funds for specific activities are sought from a range of sources including government and 
industry. 
(http://www.ncaveo.ac.uk/) 
 
SEAWIFS 
The purpose of the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) Project is to provide 
quantitative data on global ocean bio-optical properties to the Earth science community. Subtle changes 
in ocean color signify various types and quantities of marine phytoplankton (microscopic marine 
plants), the knowledge of which has both scientific and practical applications. The SeaWiFS Project 
will develop and operate a research data system that will process, calibrate, validate, archive and 
distribute data received from an Earth-orbiting ocean color sensor. 
(http://oceancolor.gsfc.nasa.gov/SeaWiFS/) 
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Box 1: continued 
 

 
 
Development of products 
·  Clear view on what are most important products required by end-users. The use of 

hyperspectral data in the domain of ecology develops slowly because the end-users don’t 
know how to handle the level 2 radiance data. For them level 3 products are more relevant. 

 
·  On the other hand, a small group of users is still highly interested in for example level 2 

radiance data for specific research objectives. Experience from MODIS shows that 
uncalibrated data are almost not downloaded. 

·  Re-use of processing algorithms for production of products. This needs long-term 
development and can be achieved by different approaches, e.g., MODIS team delivers of the 
shelf level 3 products. While ESA provides toolboxes (e.g., BEAM) which can be used by 
end-users to derive higher level products from level 2 radiance data provided by ESA User 
Services. This requires an user community of specialists who is able to produce improved 
level 3 products. 

·  Next to the product itself, the rating of the quality of the product is as important. 
Inexperienced users could have mistrust in the quality of the data: by supplying e.g. a quality 
report and by indicating the reason of lower quality (Quality Flags), confidence in products 
can be increased.  

VALERI 
The objectives of the VALERI (Validation of Land European Remote sensing Instruments) project are 
to provide high spatial resolution maps of biophysical variables (LAI, fAPAR, fCover) estimated from 
ground measurements to validate products derived from satellite observations. For this purpose, the 
VALERI project offers: a methodological framework designed for the derivation of the high spatial 
resolution maps; a pool of instrumentation and tools for ground measurements and processing; a 
network of sites distributed over the Earth’s surface; and a database of processed and available high 
spatial resolution maps. 
(http://www.avignon.inra.fr/valeri/) 
 
CEOS working group on calibration and validation 
To ensure long-term confidence in the accuracy and quality of Earth observation data and products, the 
WGCV provides a forum for calibration and validation information exchange, coordination, and 
cooperative activities. The WGCV promotes the international exchange of technical information and 
documentation, joint experiments, and the sharing of facilities, expertise and resources. The WGCV 
seeks to be the recognized first point of contact for the international user-community as far as 
calibration and validation is concerned. To this end, WGCV addresses the need to standardize ways of 
combining data from different sources to ensure the interoperability required for effective use of 
existing and future Earth observing systems. 
(http://wgcv.ceos.org/) 
 
Hyper-I-Net 
The Hyperspectral Imaging Network (HYPER-I-NET) is a four-year (2007-2010) FP6 Marie Curie 
Research Training Network designed to build an interdisciplinary European research community 
focusing on hyperspectral imaging activities. The core strategy of HYPER-I-NET will be to create a 
powerful interdisciplinary synergy between different domains of expertise within Europe, and use it to 
break new grounds in areas related with hyperspectral imaging. 
(http://hyperinet.multimediacampus.it/) 
 
HyperTeach 
‘HyperTeach’, a joint project of the Flemish Institute for Technological Research (VITO), the 
Management Unit of the North Sea Mathematical Models (MUMM), the Royal Museum for Central 
Africa (RMCA) and the Katholieke Universiteit Leuven (K.U.Leuven) funded by the Belgian Science 
Policy Office, developed modular course material to theoretically and practically introduce researchers 
and policy-makers to the emerging field of Imaging Spectroscopy. There is an equal focus on theory 
and hands-on exercises in three application domains (water, geolgy and biodiversity).The project 
includes the organization of training courses in Imaging Spectroscopy. 
(http://hyperteach.vgt.vito.be/) 
 
NERC Field Spectroscopy Facility 
The NERC Field Spectroscopy Facility (FSF) is an expanding world class facility supporting Earth 
System Science. It comprises a pool of high quality field spectroradiometers with associated calibration 
and support equipment. The facility is based in the School of GeoSciences at the University of 
Edinburgh.  
(http://fsf.nerc.ac.uk/) 
 
FLUXNET 
FLUXNET is a global network of micrometeorological tower sites that use eddy covariance methods to 
measure the exchanges of carbon dioxide, water vapor, and energy between terrestrial ecosystem and 
atmosphere. At present, over 400 tower sites are operating on a long-term and continuous basis. 
Researchers also collect data on site vegetation, soil, hydrologic, and meteorological characteristics at 
the tower sites. 
(http://www.daac.ornl.gov/FLUXNET/) 
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·  An extensive literature survey for different application domains could be used as a basis for 
the definition of the most relevant products. 

·  A literature study on which conventions and standards are applicable for specific application 
domains, which could differ from the remote sensing domain: harmonization of semantics 
(e.g., Leaf Area Index vs. Plant Area Index). 

·  For MODIS, algorithms and products should be globally applicable, what would be the 
support of HYRESSA (EU?). 

·  Develop different levels of products (incl. quality and toolboxes) to attract in-experienced 
user groups: training, education and outreach are essential. 

 
Standards 
·  First step: ensure that procedures and practices are harmonized and transparent through 

documentation. 
·  Standards for processing of derived products need to be transparent and require proper 

documentation: concept of MODIS product development. 
·  Following the example of Spatial Data Infrastructure (SDI) development (e.g., INSPIRE in 

EU), also a hyperspectral remote sensing infrastructure will require standardization and a 
certain level of interoperability. The key question however is: Who will set the standards? 

·  Use either bottom-down (close involvement of user community) or top-down approach. 
·  To avoid extensive discussions on proper standardization, the HYRESSA project can be used 

to set a standard as a large group of relevant partners is involved. This would require a pro-
active action which uses existing conventions, practices, standards and protocols to establish 
a reference set of standards. This could be an important step forward and should also include 
the aspect of semantics and terminology (e.g., Schaepman-Strub et al., 2006).  

·  The FLUXNET community uses a common and agreed protocol which also covers the 
calibration of the instruments: this could be used as a reference for calibration of 
fieldspectrometers (e.g., NERC Field Spectroscopy Facility). 

·  Not only standardization for hyperspectral data processing but also take into account spectral 
and spatial resolution of sensors. 

 
User community 
·  An operational community behind an infrastructure is essential: learn from successful 

infrastructures in other application fields (e.g., AERONET, ARGO, SEAWIFS) 
·  Education and training essential part of a research infrastructure. For MODIS this is arranged 

by workshops on the processing and use of MODIS products (inside and outside US). Next to 
that the user community develops its own training facilities (e.g., in EU Hyper-I-Net, 
HyperTeach). 

·  Delivery of data products, for example AVIRIS data are available after 6 months: however 
(near) real-time delivery is very important to coordinate required fieldwork on the ground. 
Ideally inflight processing would be most optimal: this is one of the goals of the NEON 
Airborne Observatory. 

·  Make efficiently use of already available knowledge and resources. 
·  Also within both the provider and user community it is important to learn from each other: do 

not make the same mistakes again and exchange of experience between continents. This 
would require a globally organized and transparent documentation and reviewing procedure. 
Although this will take some time to develop, first results from GEO show that we are going 
in the right direction. 

·  Create a single entry point for data access through clearing house approach and idea of one-
stop-shop. 
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·  Financing an infrastructure is an expensive exercise: money will become available when the 
benefits for the user community are visible. However, a coordinated infrastructure offers 
possibilities to reduce duplication and fill gaps and in that way save money. This fulfils the 
goals of the EU FP7 Research Infrastructures program. 

3.2.2. Implications for EU hyperspectral remote sensing research infrastructure 
In preparation of the Exploratory Workshop, two other activities within the HYRESSA project 
already gave a first view on the requirements of actual and potential users of a European 
hyperspectral remote sensing research infrastructure (reports available at www.hyressa.net). 
Key conclusions from the SWOT and User Needs workshop were: 
·  Standards 
·  Transparency 
·  Awareness raising – Education and training 
·  Provide tools for extracting information from hyperspectral data 
 
Key conclusions from the user questionnaire were: 
·  Better service (data delivery and cost) 
·  Reasonable pricing policies 
·  Individual preferences 
 
Several of the requirements indicated above were also judged as very important during the 
Exploratory Workshop (e.g., standards, transparency, awareness, and near real-time data 
delivery). The cost requirement was not treated extensively, however it was indicated that 
funding will only become available when benefits for the user community are visible. One 
possible development to achieve this would be to provide instead of only level 2 products 
(radiance or surface reflectance products) also level 3 products to the end-users (e.g., MODIS 
concept). This would also require information on the quality of the data product so the user can 
make its own judgement on the level of operation of this product. Next to this suite of 
standardized products, additional degrees of freedom are required to deal with individual 
preferences of specialized users. 
 
As result of the exploratory workshop several additional key requirements for a hyperspectral 
remote sensing infrastructure were identified: 
·  A high-quality facility for airborne sensor calibration 
·  Standardized processing facilities (including metadata and quality control) 
·  Close collaboration with end-users in domain for development of products and for provision 

of ground measurements for calibration and validation (concept of science teams). 
·  Central facility for distribution and access to hyperspectral data and derived products 
·  Facility for calibration of field spectrometers 
·  Working group on future development  
 
For the further development of a hyperspectral remote sensing research infrastructure, the 
following aspects should be elaborated, also indicating explicitly what is not included and in what 
way collaboration is possible with already existing infrastructures: 
·  Definition of sensors, instruments and facilities: sensors on airborne platforms which could 

be extended by spaceborne sensors and supported by field observations. 
·  Definition of spatial-temporal extent: this relates to the point which scales (local-global) 

the infrastructure could support (local-global). For example hyperspectral information on a 
regional scale could support monitoring of EU directives (e.g., Natura2000, Water 
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Framework Directive). Figure 1 shows an example how the spatial-temporal extent of NEON 
is visualized. 

·  Definition of end-users and application domains: different strategies possible: focus on 
most promising domain or include number of key domains or serve all interested domains. 

·  Definition of products and services: extension of level 2 to 3 products with a differentiation 
into standard products and specialized products; selection of standard products depending on 
selected application domains. 

·  Definition of standards: adaptation to existing standards or setting new standards 
  

 
Figure 1: Example of representation of spatial-temporal extent of infrastructure for in this case 
NEON (taken from: http://www.ecosystemresearch.org/2006%20Meeting/McMahon%20AERC%20pdf.pdf) 
 

3.3 Building a hyperspectral remote sensing infrastructure 
 
During the Exploratory Workshop it was indicated that a hyperspectral remote sensing research 
infrastructure could provide several benefits to the European user community: 
·  Provides focus 
·  Establishes priorities for the future (‘vision’, ‘roadmap’) 
·  Improves coordination, allows EU-wide planning and development 
·  Reduces duplication of effort, optimises use of resources (‘network of facilities’) 
·  Provides platform for international leadership 
·  Offer transnational access to facilities 
 
In previous HYRESSA activities, SWOT and Users Needs Workshop (AM5), the Questionnaire 
on User Needs (AM6) and also during the Exploratory Workshop (AM7) the building blocks for 
a hyperspectral research infrastructure have been identified. A next step now is to identify the 
most appropriate approach to build a hyperspectral research infrastructure also taking into 
account experience from existing infrastructures as presented during the plenary session 
(paragraph 3.1). During the working session of the exploratory workshop, two approaches have 
been presented which have been characterized as the “chain” approach and the” hub” approach. 
Below these two approaches are shortly elaborated. For future elaboration the best of both 
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approaches could be adopted to define a European hyperspectral remote sensing research 
infrastructure. 

3.3.1 The chain approach 
The chain approach could be characterized as the producer’s perspective on the development of a 
hyperspectral infrastructure. The infrastructure is constructed as a chain of processing steps which 
are required to get hyperspectral data of a calibrated sensor after acquisition through a processing 
chain. The resulting data products (level 2 or 3) are distributed to the end-users and archived. In a 
presentation by José-Antonio Gómez-Sánchez (INTA), a simplified processing chain consists of 
the following steps: 
1. Calibration 
2. Flight campaign planning 
3. Flight campaign (incl. fieldwork) 
4. Data processing to level 2 
5. Distribution 
6. Archiving 
These steps can be elaborated in more detail, but the main direction is the evolution of 
hyperspectral data from the producer to the end-user.  
 
The chain approach was presented to give a clear view on the existence of protocols and the 
development of standards for the different steps of the chain. During the discussion of this 
approach the following points were put forward: 
·  For several steps extensive experience for campaign planning and data processing is available 

(DLR, VITO, INTA) and standards have been developed. Also look at experience of JPL 
with AVIRIS flights. 

·  Also for fieldwork several sources for protocols are available (NCAVEO, CSTARS, WUR, 
NERC Field Spectroscopy Facility). This would also require protocols for vicarious 
calibration (incl. field sites). 

·  Would a future infrastructure also facilitate the development of toolboxes (e.g., for derivation 
of level 3 products). 

·  An essential part of standardization is also the set-up of a glossary to establish a common 
terminology (Schaepman-Strub et al., 2006). In Germany a protocol is developed (in 
German) for an imaging spectroscopy processing chain as preparation of future work with 
ARES and EnMap. 

·  Instead of reasoning from data acquisition and processing to set standards and uncertainty 
levels it would also be valuable to reason back from user requirements with respect to 
applications and products to identify the most important parts of the chain. This could result a 
product catalogue with optimal calibration and validation settings per product and could also 
be a driver for sensor development. 

3.3.2 The hub approach 
The second approach, indicated as the hub approach, can be considered as a user perspective on 
how a future hyperspectral remote sensing infrastructure could be developed. The hub approach 
was presented during the exploratory workshop by Tim Malthus (University of Edinburgh) as a 
way to visualize the different components of the research infrastructure (Figure 2). Every hub is 
based on an identified user requirement during the different HYRESSA activities. Part of the 
hubs coincides with the identified steps of the chain approach. However, some of the hubs also 
have a typical user perspective, e.g., data modelling, data assimilation and education and training. 
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Recent publications presented at the 5th EARSel Imaging Spectroscopy Workshop in April 2007, 
Bruges (Belgium) show that in preparation of the upcoming ARES and APEX several European 
institutes (DLR, VITO, RSL, INTA) have developed central data processing chains (including 
quality handbooks) for near real time processing of hyperspectral data to level 2 (Biesemans et 
al., 2007) and level 3 products (Schapfler and Nieke, 2007). This also includes procedures for 
automated generation of metadata for quality control (Bachman et al., 2007). These developments 
could result in considerable reduction in time and costs and assure consistency of the processing 
quality. In addition, the modular construction approach of these facilities offers the re-use and 
exchange between processing chains. These developments show that for several of the hubs as 
indicated in Figure 2 knowledge and facilities are operationally available within Europe. 
 
 

 
 

 
Figure 2: Schematic overview of the different components for a hyperspectral remote sensing 
research infrastructure according to the hub approach. 
 

3.3.3 Link with EU 7th Framework Programme 
Final point of attention is the link of the identified opportunities for a hyperspectral research 
infrastructure with the requirements of the recently launched 7th Framework Programme of the 
European Community. During the workshop an overview was given of the latest developments in 
the FP7 community Research Infrastructure action by EU representative Brigitte Weiss. For 
details on the content of the presentation we refer to: www.hyressa.net/davos.htm. 
Figure 3 gives an overview of the set-up of the FP7 Community Research Infrastructures action. 
A differentiation is made between existing infrastructures (developed within FP6) and new 
infrastructures (construction of New Infrastructures is limited limited to projects identified by the 
European Strategy Forum on Research Infrastructures (ESFRI)). The next relevant call for a 
continuation of HYRESSA would be the second call for Existing Infrastructures: 
·  Indicative budget 275 M€ (25-30 projects to be selected) 
·  Closure spring 2008 
·  Single stage procedure for evaluation 

Infrastructure – 
provides the means 
for their integration 

Education and training 

Cal / Val 

Field capabilities 

Spaceborne sensors 

Data management 

Data assimilation 

Modelling 

Airborne sensors 

Future sensor 
development 

Quality control 
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·  No competition within one field of science (in sept. 2007 project managers of HYRESSA and 
EUFAR will meet to coordinate focus and possible overlap between infrastructures). 

 

 
Figure 3: Overview of the set-up of the FP7 Community Research Infrastructures action. 
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4. Summary 
 
A hyperspectral remote sensing research infrastructure has a unique character related to its 
relatively long processing chain ranging from sensor development and calibration to the final 
distribution of derived products to a broad range of specialized users end-users from different 
application fields (e.g., ecology, limnology, geology). 
 
The proposed European hyperspectral research infrastructure seems to be complementary to 
already existing infrastructures. However, collaboration with existing infrastructures could result 
in synergy and optimized use of available facilities and resources. Opportunities have been 
identified and will be elaborated for the use and access to a fleet of aircrafts (EUFAR) and for 
central distribution and access to hyperspectral derived data and products (ESA EO User 
Services). 
 
In addition to the user requirements which were identified in the HYRESSA SWOT and User 
Needs workshop and the Questionnaire on User Needs, several additional key requirements for a 
hyperspectral remote sensing infrastructure were identified during the exploratory workshop: 
·  A high-quality facility for airborne sensor calibration 
·  Standardized processing facilities (including metadata and quality control) 
·  Close collaboration with end-users in domain for development of products and for provision 

of ground measurements for calibration and validation (concept of science teams). 
·  Central facility for distribution and access to hyperspectral data and derived products 
·  Facility for calibration of field spectrometers 
·  Working group on future development  
 
For the further development of a hyperspectral remote sensing research infrastructure, the 
following aspects need to defined, also indicating explicitly what is not included and in what way 
collaboration is possible with already existing infrastructures: 
·  Sensors, instruments and facilities 
·  Spatial-temporal extent 
·  End-users and application domains 
·  Products and services 
·  Standards 
 
As a next step of the HYRESSA project a roadmap for the development of a European 
hyperspectral remote sensing research infrastructure will be prepared. Within the workshop two 
possible approaches were presented for building a future infrastructure: a chain approach and a 
hub approach which could be characterized as the provider and user perspective, respectively.  
A general motive for this roadmap could be to focus on evolution and not on revolution. This 
means that as the different experts during the workshop already indicated, optimal use should be 
made of available knowledge and facilities both on the European and global level. Currently, this 
is scattered over different locations and not yet used to its full extent. During the workshop, 
opportunities within the FP7 Community Research Infrastructures action for the development of a 
hyperspectral remote sensing research infrastructure have been identified. 



HYRESSA AM7 Report  
AM7: Exploratory Workshop   HYRESSA Contract N. 026194 

 

5/11/2007 19  

 

References 
·  Bachmann M., M. Habermeyer, S. Holzwarth, R. Richter and A. Müller, 2007. Including 

Quality Measures in an Automated Processing Chain for Airborne Hyperspectral Data. 5th 
EARSeL Imaging Spectroscopy Workshop, Bruges, Belgium. 

·  Biesemans J., S. Sterckx, E. Knaeps, K. Vreys, S. Adriaensen, J. Hooyberghs and B. 
Deronde, 2007. Image processing workflows for airborne remote sensing. 5th EARSeL 
Imaging Spectroscopy Workshop, Bruges, Belgium. 

·  HYRESSA, 2004, Project proposal 
·  HYRESSA, 2006. HYRESSA SWOT and User Needs report 
·  HYRESSA, 2007. HYRESSA QUN Evaluation report 
·  Schlaepfer D. and J. Nieke, 2007. Optimizing the workflow for APEX LEVEL2/3 processing. 

5th EARSeL Imaging Spectroscopy Workshop, Bruges, Belgium. 
·  Schaepman-Strub, G., Schaepman, M., Painter, T., Dangel, S., and Martonchik, J. V., 2006. 

Reflectance Quantities in Optical Remote Sensing - Definitions and Case Studies. Remote 
Sensing of Environment, 103: 27-42 

 
Websites: 
·  http://earth.esrin.esa.it/pub/ESA_DOC/ENVISAT/ENVI87.pdf (4/24/2007) This report 

describes briefly the ENVISAT mission, the instruments, the Ground Segment and the 
mission planning constraints, to then focus on the data dissemination methods and the 
different ways for the users to access the ENVISAT data. 

·  http://www.cstars.ucdavis.edu/classes/hsgrdtutorial.html: Ground-Truth Data Collection 
Protocol For Hyperspectral Remote Sensing (Zomer and Ustin, University of California) 

·  http://www.avignon.inra.fr/valeri/; VALERI: VAlidation of Land European Remote sensing 
Instruments. (Rosello, Baret et al) presented at the CEOS/LPV-VALERI workshop, Davos 
2007 

·  http://www.ceos.org/pages/subs.html#wgcv: CEOS (Committee on Earth Observation 
Satellites) working group on CAL/VAL 

 
 
 



HYRESSA AM7 Report  
AM7: Exploratory Workshop   HYRESSA Contract N. 026194 

 

5/11/2007 20  

 

Appendix I – HYRESSA Exploratory Workshop program 
 
Wednesday 14 March 2007 
 
Morning plenary session 
Chair: Lammert Kooistra, Wageningen University (NL) 
 
10:20 – 10:40 GEO (Group on Earth Observations) and its Global Earth  

Observation System of Systems (GEOSS), Michael Rast, Geo Secretariat 
(CH) 

10:40 – 11:00 Plans for the U.S. National Ecological Network -The contribution of 
remote sensing, Susan Ustin, UC Davis (USA) 

11:00 – 11:20 ESA User Services, Stephen Briggs, ESA/ESRIN (I) 
11:20 – 11:40 Production and distribution of NASA MODIS Remote Sensing Products, 

Robert Wolfe, NASA Goddard Flight Centre (USA) 
11:40 – 12:00 User-driven requirements of the European Hyperspectral Remote Sensing 

Community, Jens Nieke, University Zurich (CH) 
 
12:00 – 13:00 Lunch 
 
Afternoon interactive session 
Chair: Ils Reusen, VITO (BE) 
 
13:00 – 14:40 HYRESSA Interactive panel discussion 
Panel members: 
Michael Rast (Geo Secretariat) 
Susan Ustin (UC Davis) 
Robert Wolfe (NASA Goddard Flight Centre) 
Jens Nieke (University Zurich) 
 
19:00 – open HYRESSA dinner 
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Thursday 15 March 2007 
 
Morning working session 
Chair: Michael Schaepman, Wageningen University (NL) 
 
8:15 – 8:30 Welcome and introduction 
Part 1: Requirements for acquisition and distribution of hyperspectral images 
8:30 – 8:45 The role of protocols and standards in hyperspectral data acquisition and 

distribution, Jose-Antonio Gomez-Sanchez, INTA (SP) 
8:45 – 9:30 Discussion 
9:30 – 10:00 Coffee Break 
Part 2: Building a European Research Infrastructure 
10:00 – 10:15 Opportunities for the development of a European hyperspectral research 

infrastructure, Tim Malthus, University of Edinburgh (UK) 
10:15 – 10:30 Trans-national Access at Equal Terms to national research infrastructures 

in Europe: The case of research aircraft for environmental studies, Jean-
Louis Brenguier (EUFAR Coordinator, METEO France) 

10:30 – 11:15 Discussion 
11:15 – 11:45 Research Infrastructures in FP7, Dr. Brigitte Weiss (Scientific Officer EU 

Research Infrastructures) 
11:45 – 12:00 Closing remarks and conclusions 
 
12:00 – 13:00 Lunch 
 
13:00 – 17:00 HYRESSA Progress Meeting (HYRESSA project partners) 
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Véronique Carrére Université de Nantes France veronique.carrere@univ-nantes.fr 
Mark Danson University of Salford  United Kingdom f.m.danson@salford.ac.uk 
Eduardo de Miguel INTA Spain demiguel@inta.es 
Jose-Antonio Gomez-
Sanchez 

Instituto Nacional de Tecnica Aeroespacial-
INTA 

Spain gomezsj@inta.es 

Alemu Gonsamu University of Helsinki Finland alemu.gonsamu@helsinki.fi 
Stefanie Holzwarth German Aerospace Center (DLR) Germany stefanie.holzwarth@dlr.de 
Klaus Itten University of Zurich Switzerland itten@geo.unizh.ch 
Stephane Jacquemoud University of Paris 7 / IPGP France jacquemoud@ipgp.jussieu.fr 
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Asuncion Riaza Instituto Geologico y Minero de España Spain a.riaza@igme.es 
Michael Schaepman Wageningen University Netherlands michael.schaepman@wur.nl 
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Robert Wolfe NASA United States rwolfe@pop900.gsfc.nasa.gov 
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 Appendix III - Pictures of HYRESSA Exploratory Wor kshop 
 
 

a.  b.  
 
 

c.   d.  
 

d.  e.  
 
a: Presentation Brigitte Weis Working Session Thursday 15 March 2007 
b: Chair Ils Reusen Interactive Session Wednesday 14 March 2007 
c: Panel during Interactive Session Wednesday 14 March 2007 
d: Participants Working Session Thursday 15 March 2007 
e: Participants Working Session Thursday 15 March 2007 
f: Presentation Tim Malthus Working Session Thursday 15 March 2007
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Appendix IV – Glossary 
 
campaign realization of several surveys within a given time period 
data processing the radiometric, atmospheric and geometric correction of sensor data 

calibration the process of quantitatively defining the system responses to known, 
controlled signal inputs. 

data provider any institution offering access to hyperspectral data required over area of 
interest determined by a user 

end-user anyone interpreting thematic information extracted from hyperspectral data 
 

experienced anyone in the above fields has more than 10 years of experience or holds a 
record of more than 10 projects in the respective field 

experimental 
services 

access to hyperspectral instruments and/or data for experimental purposes (e.g. 
Development of methods) 

FAPAR Fraction of Absorbed Photosynthetic Active Radiation 

instrument 
operator 

any institution offering access to hyperspectral instruments operated over area 
of interest determined by a user or a data provider 

IS Imaging Spectroscopy 
LAI Leaf area index 
NPP Net Primary Production 
operational 
services 

access to hyperspectral instruments and/or data for operational purposes (e.g. 
Monitoring applications for governments) 

product thematic information extracted from hyperspectral data, ready to interpret (also 
called Level 3 product). 

protocol a predefined procedural method in the design and implementation of 
experiments 

research 
infrastructure 

refers to facilities, resources and related services used by the scientific 
community for leading edge research 

standard a published document which sets out specifications and procedures designed to 
ensure that a material, product, method or service is fit for its purpose and 
consistently performs in the way it was intended. 

survey data acquisition over area of interest determined by a user or a data provider 

SW developer anyone providing tools for extracting information from hyperspectral data 
or/and to alter data in order to facilitate thematic information extraction 

temporal 
coverage 

regular data acquisition during a longer period of time (e.g. A survey each year 
during 10 or more years) 

user anyone generating products (-> products) 
validation the process of assessing, by independent means, the quality of the data 

products derived from the system outputs 
value-adder anyone altering data in order to facilitate thematic information extraction (e.g. 

calibration, geo-coding, atmospheric correction) 
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Appendix V – Program ISPMSRS’07 symposium 
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Excursion: Swiss Federal Institute for Snow and Ava lanche Research (Davos) – SLF 
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Workshop: RAMI On-line Model Checker (ROMC) 
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Interactive Poster Session I 

Tuesday, March 13 th 2007, 20:00 – 21:30 
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Interactive Poster Session II 

Wednesday, March 14 th 2007, 13:00 – 14:40 
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Thursday, March 15 th 2007 – LAI and fAPAR validation under CEOS/LPV-VAL ERI 
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How to reach Davos by Plane 
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Davos – City Map 

�
������	
	�����7

�	���B,	�/� :,��/��� 3/�����
����
�!� � ��#� � �	���	��
��(	��/���8����	�/	9�
:5� � .� � ;�	���
	
����3	4���3��0�
%!� � 55� � ��$�&�(�%3�
%5� � ��� � �'7�



HYRESSA AM7 Report  
AM7: Exploratory Workshop   HYRESSA Contract N. 026194 

 

5/11/2007 49  

 

�
�
������	
	�����7

�	���B,	�/� :,��/��� 3/�����
����

&M�!&5�� 2!� � $��-�/���$/�
�/�
1!� � .!� � I�����/���,�/,��
1!� � � � ��/����� ���/�����/���
	
����
7�� � !.� � �	���	��
�����	
H	���
7!� � �� � $/�
�	������
��
/��3	4���



HYRESSA AM7 Report  
AM7: Exploratory Workshop   HYRESSA Contract N. 026194 

 

5/11/2007 50  

 

�
�
������	
	�����7

�	���B,	�/� :,��/��� 3/�����
����
35� � �� � ;�	���
	
����3	4���(�	
H�
35� � ��� � $	��/��	��M	���������8����	�/	9�
�!� � �!� � �����	���(��
�
�
/��
�



HYRESSA AM7 Report  
AM7: Exploratory Workshop   HYRESSA Contract N. 026194 

 

5/11/2007 51  

 

ISPMSRS’07 Topics 
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