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Executive Summary
The lack of a pan-European infrastructure for uniform access and distribution of
environmental data is a severe limitation in all types of risk and crisis management. In
marine and coastal areas, environmental risk and crisis situations such as oil spills and
harmful algal blooms usually have a transboundary and an international dimension. Thus,
users in several countries and organizations need access to the same data, including
observations, derived parameters and predictions of future conditions. While many national
monitoring and forecasting services are well developed, they are customised to their
country’s territorial waters, and often based on proprietary or non-standard solutions that
hamper data exchange. Today advances in the fields of on site and remote sensing sensor
technology, data fusion methods, numerical modelling, ontologies and web services, provide
better building blocks for GMES services. However, the challenge of bringing such
components together to support smooth and efficient transboundary cooperation in crisis
situations remains, due to managerial and technical constraints.
The InterRisk project therefore developed a pilot system for interoperable GMES monitoring
and forecasting services for environmental risk management in marine and coastal areas.
The InterRisk pilot is comprised of an open system architecture based on noted GIS and
web standards, and integrates services for several European regional seas, including
Norwegian, UK and Irish, French, German and Polish, and Italian waters. These services
include basic services, such as delivery of satellite data products, in situ measurements, and
met-ocean model forecasts as well as metadata catalogues facilitating product discovery.
These services also include complex services such as detection of oil spills in satellite radar
imagery, oil drift predictions for confirmed spills, and identification of ocean areas of high
chlorophyll-a concentrations. All service and system development are based on standards
from W3C (World Wide Web Consortium), OASIS (Organization for the Advancement of
Structured Information Standards), OGC (Open Geospatial Consortium, Inc.) and ISO
(International Organization for Standardization), in line with INSPIRE (INfrastructure for
SPatial InfoRmation in Europe) recommendations.
The InterRisk services are based on satellite and aircraft Earth Observation (EO) data, in
situ observations and numerical models to monitor and forecast marine environmental
degradation and crisis events. The InterRisk pilot systems and services was developed and
integrated by a group of service providers in the consortium. The network of InterRisk
services has been embedded in a mirror of the ESA (European Space Agency) Service
Support Environment (SSE), which offers a generic pan-European portal, as well as in
regional portals customised for targeted users groups in the five demonstration areas. To
facilitate data and metadata harmonisation between different service providers, InterRisk
developed ontologies, application schemas and a metadata profile for the targeted
application domains.
An ontology is a data model of a set of concepts in an application domain and the
relationships between these concepts that can be used by a computer program to provide
more flexible search and discovery functions. InterRisk has developed data ontologies for oil
spill and harmful algal blooms, as well as keyword ontologies for standard terms for
disciplines, themes, place, temporal and stratum, conforming to the ISO-19115 (Geographic
information -- Metadata) keywords types and the ISO-19139 (Geographic information -Metadata -- XML schema implementation) representation of these.
In the last year of the project, a new Theme Ontology was developed, based on and
compatible with the ESA OTEG (Open Access Ontology / Terminology for the GMES Space
Component) approach. The InterRisk Theme Ontology defines a hierarchy of terms within
the application domains of oil spill and harmful algal bloom monitoring and forecasting,
where each level brings successively more details, down to the lowest level of terms which
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represent specific product types, such as a certain type of satellite image or a forecast from
a given numerical model. The ontology is encoded in the OWL (Web Ontology Language)
standard, with additional definition of terms and concepts in Excel sheets. The Theme
Ontology has been integrated in the InterRisk SSE portal, where it is used by the new
ontology browser and CSW (Catalogue Services for the Web) metadata catalogue client to
facilitate more flexible product and service discovery by means of the application domain
terms and their relationships.
One objective of the InterRisk project was to make existing marine services interoperable.
To achieve this, harmonising metadata for these services and their products is an important
task, enabling end-users to search for products/services of interest. Therefore, an InterRisk
metadata profile was developed based on the ISO 19115 and ISO 19139 standards.
In 2009, the InterRisk metadata profile was adapted to make it compatible with CSW 2.0.1
ISO Application Profile, and then integrated in the InterRisk SSE metadata catalogue client.
The terms from the ontology was defined as mandatory keywords, together with the product
type (which was also defined in the ontology). The service providing partners updated their
metadata files to comply with the new profile, enabling the SSE metadata catalogue client to
search multiple catalogues in the same query. The partner metadata catalogue servers
accessed by the SSE were all implemented using the open source tool GeoNetwork.
However, other CSW compliant servers could be added at a later stage.
The InterRisk project also developed three GML (Geography Markup Language) application
schemas, i.e. a specialisation of the generic GML schemas to suit the needs of the
environmental products delivered by InterRisk. GML formatted data were used for delivery of
time series of in situ observations in some of the demonstration regions.
The service providing partners have set up data delivery servers in the targeted
demonstrations areas (Table 1-1). All of these services are supporting the Open Geospatial
Consortium (OGC) Web Map Service (WMS), Web Feature Service (WFS), Web Coverage
Service (WCS) or Open-source Project for a Network Data Access Protocol (OPeNDAP)
standards. This allows a network of data delivery services to be “plugged” into the InterRisk
SSE portal, as well as into other OGC and OPeNDAP compliant web portals, through the
standardised interfaces. The use of standard data delivery protocols allows for new data
servers to be added to the service network without having to change the portals. During the
last year of the project, the integration of standard data delivery services in both the panEuropean SSE portal and the regional portals has been completed, giving users access to a
wide range of products from many different satellite sensors, in situ instruments, as well as
met-ocean, ecosystem and oil drift prediction models.
The SSE platform supports chaining of services. This means a set of basic data delivery
services can be combined with data processing services into what is called a complex
service, to deliver a new product. For InterRisk, four such complex services have been
developed. The first service demarcates waters exceeding a chlorophyll-a threshold level in
a map derived from satellite data. This service takes satellite images or model outputs of
chlorophyll-a concentration and masks value greater than a user defined threshold. A typical
threshold value would be 10 mg m-3 a commonly used threshold for reporting on areas of
eutrophication, for example for OSPAR1. However, the user can select their own threshold to
meet local requirements or reflect changes to European reporting. The second complex
service extracts data at locations of both remote sensing and in situ sampling. This service
takes a satellite image or model output served from a Web Map Server supporting the
GetFeatureInfo operation and extracts values at specific geographic locations corresponding
1

OSPAR Commission: http://www.ospar.org/

NERSC Technical report no. 309

InterRisk Final Scientific Report

iii

to in situ sampling stations. The third service is based on an algorithm that calculates wind
fields from ASAR (Advanced Synthetic Aperture Radar) images. Regions where the
roughness of the sea shows deviations from the roughness of the surrounding sea might be
a potential oil spill, and are marked with a special colour (magenta) which is not part of the
colour scale for the estimated wind. The last complex service analyses satellite radar images
using a Support Vector Machine (SVM) algorithm, and prepares a map identifying potential
oil spills. All complex services have been developed using the Web Processing Service
(WPS) standard from OGC, by means of an open source tool called pyWPS.
The capabilities of service chaining open up for a wide range of applications that can use
existing data delivery services as building blocks to develop new services offering higher
level products. Thus, new services can be set up at lower costs than by a traditional service
model where each service processes all needed data from the ground up. The workflow
editor of the SSE platform allows for service providers to utilise existing delivery services with
a standard interface such as WMS and WFS, and even data processing services
implemented by WPS, to be connected to generate new products. The SSE workflow engine
further ensures that the data flow between the individual services is correctly handled and
the overall process is executed according to the defined rules. Standard web technologies
can be used to set up a tailored graphical user interface (GUI), and the new and complex
services can utilise the GIS viewer component for selecting area of interest (AOI) and for
displaying the resulting product on a geo-referenced map where it can be combined with
other data.
The SSE platform also offers advanced product and service discovery by exploiting the
semantic relationships between terms and topics in the application domain represented as
ontologies and thesauri. This allows the user to search for resources in new and innovative
ways, and also facilitates search across different domains by use of multi-domain ontologies.
The InterRisk Theme Ontology that was developed based on and compatible with the ESA
OTEG approach, will enable discovery of metadata for products and services in InterRisk
catalogues from other systems compatible with OTEG, which is chosen for future ESA
GMES information systems for environmental monitoring and forecasting.
The GIS viewer component of the SSE facilitates geo-referenced display of multi-source
data on a common map and standard GIS operations like zooming, panning, return to initial
map extent, definition of AOI (rectangles, polygons, etc.), and measurements of distances
on the map. The encapsulation of different provider interfaces, and recent enhancements
such as time support and animation features, makes the SSE GIS viewer a powerful
visualisation tool for environmental data and forecasts. It also offers numerous customisation
options, among others, AOI definition, navigation, export facilities and gazetteers.
The SSE platform itself has been extended with new and enhanced component as a result of
the InterRisk project. The following SSE components have been developed and integrated in
the SSE: (1) WxS clients with time support (software provided by an ESA project; integration
in the InterRisk SSE performed in this project), (2) an ontology editor and database, and (3)
an OGC compliant catalogue service based on CSW with distributed metadata catalogues.
Ontology clients for dataset (product) and service discovery were successfully implemented
based on the OWL and SPARQL (SPARQL Query Language for RDF) standards. ESA
personnel were involved in the work to make sure the approaches are converging with
approaches anticipated for the GMES Space Component Data Access (GSCDA). During the
last year of the project, registration wizards for the discovery clients connecting to the
available InterRisk and external metadata catalogues were also developed. As a result, the
InterRisk SSE now supports several new metadata protocols, including OGC 07-045
(OpenGIS Catalogue Services Specification 2.0.2 - ISO Metadata Application Profile) and
OGC 07-038 (OGC® Cataloguing of ISO Metadata (CIM) Using the ebRIM profile of CS-W).

NERSC Technical report no. 309

InterRisk Final Scientific Report

iv

The InterRisk project has also developed five regional web portals, where products from the
partners have been integrated and demonstrated to users in the respective regions. These
portals have been developed using open source tools, including OpenLayers and
Mapbender, which also support the OGC and OPeNDAP standard for data request and
delivery. The regional portals are customised to the targeted users in the region, but all
support common GIS operations like selecting layers of interest, zooming in and out,
panning, etc. Some portals also offer facilities such as plotting of time/depth series, user
profiles, searching archives for earlier products, searching metadata, e-mail notification
when new products are available, and more.
The InterRisk pilot system has been validated by users responsible for risk and crisis
management in case of oil spills, harmful algal blooms and other marine pollution events, in
Norwegian, UK, Irish, French, German, Polish and Italian coastal waters. The system has
been validated by four different user groups: (1) end-users, (2) key personnel from other EC
and GMES projects, (3) members of the InterRisk Advisory Board, and (4) the InterRisk
consortium (for the technical validation).
As the most liked aspects of the InterRisk services, the end-users listed the ability to display
combination of data from different sources, the access to data from different sources, the
ability to display and access data from other European countries, and the layer techniques
embedded in the service.
The InterRisk services and the different regional portals have continuously been developing
according to the feedback from the users after the first validation survey in 2008. During the
final validation survey in 2009, the users responded that the development in the InterRisk
services during the course of the project has shown clear improvement in terms of userfriendliness, information content, information structure and eventually usefulness for the
user. The feedback from other EC/GMES projects and the InterRisk Advisory Board was
also generally positive about the concept, functionalities and information available through
the InterRisk system.
The InterRisk services were specifically designed for people responsible for crisis
management. However, some users reported interest in using the service not only for
emergency response but also for research and monitoring on longer terms. This illustrates a
general need for a common approach for data interoperability and that the concept is of
interest also to people that were not in the original target group of InterRisk.
There seems to be a difference between experts and non-experts in the way they want the
data and information to be presented. Most experts appreciate the access to data from
various platforms and providers but want to analyze combinations of data by their own tools.
Others users, such as decision and policy makers, appreciate higher level products or
having the information presented with an expert’s comments. All categories of users want
the user interface to be as simple as possible so that it is obvious what information is
relevant for their application.
The users involved in the testing and assessment of the InterRisk services were mainly
content with the parameters provided from satellite data. Key oceanographic parameters
such as sea surface temperature, chlorophyll-a, and salinity were provided by several
InterRisk services, as was surface wind and currents as well as identified potential oil slicks
from satellite radar imagery. However, several users especially users with operational
responsibilities, would have liked a higher temporal resolution of satellite data, for instance to
better support near real time oil spill monitoring and forecasting. Obtaining the products in
less than 1 hour after acquisition was seen as needed by these users. This means service
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providers would need access to the satellite products in less than 30 minutes from the
satellite data provider, to be able to analyse the data within the time limit desired by the
users. Also, more frequent coverage of the areas being monitored was requested. The
requested temporal resolution varied from less than 1 hour to 1-6 hours for approximately
half of the users. The remaining users, mostly scientific users, were satisfied with a temporal
resolution from 1 to 7 days. In terms of spatial scale, there were both operational and
scientific users requesting improved spatial resolution of satellite products to ~10m, while
others, again both operational and scientific users, were satisfied with a resolution on the
order of 100m. Although the number of users contacted in the evaluation of InterRisk
services were limited, their feedback indicated that future satellites for operational pollution
monitoring should offer products on a spatial scale of ~10m with a delivery time of less than
1 hour for the final product to better support operational pollution monitoring. It is also
desirable with a higher temporal resolution, covering an area once per day or more frequent.
The InterRisk system of system approach supports development of sustainable GMES
services. New providers can be added to the network of Data Distribution Services by setting
up a data server offering data and metadata through one of the supported OGC or
OPeNDAP protocols, and registering this server in the regional and/or pan-European portal.
The portal can handle any new data servers in the same manner as the already established
ones since they all follow the same protocols. Thus, the portal provider need not change his
software when including a new data provider. The new providers can choose from a range of
open source or commercial tools to set up a data server, which will reduce the effort needed
to web enable theirs products. Also, the provider may need to implement some simple
format transformation service if their products are not already prepared in a standard format.
Other than that, the providers can retain their existing processing chains.
On the whole, the InterRisk service providers have built up considerable knowledge on
development of standardised services and portals for pollution monitoring and forecasting. A
substantial suite of products have been made available, with standardised metadata, and
new delivery and processing services have been implemented and integrated in the panEuropean SSE and regional portals. These products and software tools can form the basis
for future development of sustainable GMES services that can be used in an operational
context both from a national to pan-European level.
Results from InterRisk are already being used in other projects. Some such usage is outlined
below. Developments of SSE components are deployed on the ESA SSE portal, and is is
expected that the ontology developments as well as catalogue clients can be reused in
future ESA projects. Software for the Norwegian Waters regional portal will be utilised in EC
FP7 project ArgoMarine, while the UK & Irish Waters regional portal is used in the Oceans
2025 project. Other regional portals and services developed within InterRisk are also being
used in among others, COSYNA, FP6 ECOOP, FP7 MyOcean, as well as in national
projects. Results from InterRisk will also be used in FP7 project NETMAR.
Future development will continue to be based on web GIS and web services standards,
incorporating new interfaces such as SOS (Sensor Observation Service), improved service
chaining facilities and ontologies to further enhance the functionality of the InterRisk system.
New products from upcoming satellites, new in situ instruments and forecasting models will
be incorporated as part of continued effort in projects identified above as well as in future
projects to widen the suite of products for the targeted user communities. In line with users’
comments during the InterRisk project, emphasis will also be placed on improving the user
interface of the portals, including the online documentation. Integrating InterRisk products
and services into other existing environmental information systems, is also a foreseen
activity, pending future funding. In all of these activities, close contact with the targeted user
communities are crucial to successful development of better GMES services.
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The InterRisk regional portals can be accessed at:
•

Norway: http://wms.nersc.no/norway/

•

UK and Ireland: http://www.npm.ac.uk/rsg/projects/interrisk/

•

France: http://www.ifremer.fr/sextant/srv/fr/main.home?login&portal=interrisk .

•

Germany and Poland:
http://kopc02.gkss.de/mapbender/frames/login.php?name=interrisk&password=interrisk

•

Italy: http://91.81.121.183/interrisk/index.php .

The public SSE portal used to deploy complex services developed in InterRisk is online at:
http://services-test.eoportal.org/.
Contact persons for the portals are listed in Appendix B.
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Table 1-1 InterRisk data delivery and processing services.
Service description
ENVISAT ASAR images
MERIS chlorophyll-a, daily and 7-day images
MODIS SST, daily and 7-day images
OD3D oil fate forecast
Hirlam 12km Northern Europe forecasts
WAM 10 km Nordic Seas wave forecasts
MIPOM Nordic 4 4km ocean forecasts
NorthSeaBio4 4km ecosystem forecast
Oil spill maps with potential oil spills
Wind fields estimated using ASAR images
Ferrybox chl-a, sst, salinity observations
Fish and human-toxic algae
Automatic oil spill detection
MERIS/MODIS chlorophyll-a concentration
AVHRR sea-surface-temperature
In situ observations from PML station “L4”
PML meteorological station data
POLCOMS-ERSEM physical-ecosystem
forecast
IREHAB Base Reference Maps
IREHAB Inshore Shellfish Status
IREHAB Offshore Shellfish Additional
IREHAB Offshore Shellfish Irish
IREHAB Phytoplankton Counts
IREHAB Shellfish Monitoring
IREHAB Shellfish Production Area
Chl-a thresholding
Chl-a thresholding and highlighting
Combining WFS and WMS Data
Pollution report (POLREP)
ASAR images with analysis of oil slicks
Oceanographic model forecast
MOTHY oil slick drift forecast
SHOM oil slick drift forecast
ARGOS buoys drift
ENVISAT ASAR images w/analysis of oil slicks

Type
Delivery
Delivery
Delivery
Processing
Delivery
Delivery
Delivery
Delivery
Delivery
Delivery
Delivery
Delivery
Processing
Delivery
Delivery
Delivery
Delivery
Delivery

Region
Norwegian waters
Norwegian waters
Norwegian waters
Norwegian waters
Northern Europe
Nordic Seas
Nordic Seas
North Sea
Norwegian waters
Norwegian waters
Norwegian waters
Norwegian waters
Norwegian waters
UK & Irish waters
UK & Irish waters
UK waters
UK & Irish waters
UK & Irish waters

Provider
NERSC
NERSC
NERSC
METNO
METNO
METNO
METNO
METNO
RUB
RUB
NIVA
NIVA
RUB, NERSC
PML
PML
PML
PML
PML

Delivery
Delivery
Delivery
Delivery
Delivery
Delivery
Delivery
Processing
Processing
Processing
Delivery
Delivery
Delivery
Delivery
Delivery
Delivery
Delivery

CMRC
MI
MI
MI
MI
MI
MI
PML
PML, GKSS
PML
Cedre
Cedre
Ifremer
Ifremer
Ifremer
Ifremer
GKSS

Wind fields from ASAR images

Delivery

Irish waters
Irish waters
Irish waters
Irish waters
Irish waters
Irish waters
Irish waters
UK & Irish waters
UK & Irish waters
UK & Irish waters
French waters
French waters
French waters
French waters
French waters
French waters
German & Polish
waters
German & Polish
waters
German waters

Airborne SLAR images
Highlighting of potential oil spills

Processing

MERIS chl-a, total suspended matter and
yellow substance
Ferrybox chl-a, sst, salinity observations

Delivery
Delivery

Optical satellite data analysed for novelties

Delivery

ENVISAT ASAR images
ERS-2 SAR images
Oil spill report with identified slicks

Delivery
Delivery
Delivery

German & Polish
waters
German & Polish
waters
German waters,
North Sea
German & Polish
waters
Italian waters
Italian waters
Italian waters
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GKSS
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INNOVA
INNOVA
INNOVA
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1 Introduction
1.1 Project background
The lack of a pan-European infrastructure for uniform access and distribution of
environmental data is a severe limitation in all types of risk and crisis management. In
marine and coastal areas, environmental risk and crisis situations such as oil spills and
harmful algal blooms usually have a transboundary and an international dimension. Thus,
users in several countries and organizations need access to the same data, including
observations, derived parameters and predictions of future conditions. While many national
monitoring and forecasting services are well developed, they are customised to their
country’s territorial waters, and often based on proprietary or non-standard solutions that
hamper data exchange. Today, advances in the fields of on site and remote sensing sensor
technology, data fusion methods, numerical modelling, ontologies and web services, provide
better building blocks for GMES services. However, the challenge of bringing such
components together to support smooth and efficient transboundary cooperation in crisis
situations remains, due to managerial and technical constraints.
The InterRisk project therefore developed a pilot system for interoperable GMES monitoring
and forecasting services for environmental risk management in marine and coastal areas.
The InterRisk pilot is comprised of an open system architecture based on noted GIS and
web standards, and integrates services for several European regional seas.
The InterRisk services use satellite and aircraft data, in situ observations and numerical
models to monitor and forecast marine environmental degradation for use in management of
crisis events. In order to enable data and metadata harmonisation between different service
providers, InterRisk developed ontologies and application schemas for the targeted
application domains. The network of InterRisk services was embedded in a mirror of the
European Space Agency's Service Support Environment (SSE), which will provide the
underlying infrastructure for the InterRisk system. The SSE implements an open serviceoriented and distributed environment among both service users and service providers, and
enables integration of remote sensing, in situ, meteorological, oceanographic and GIS data.
System development has been based on widely accepted standards from the World Wide
Web Consortium (W3C), Organization for the Advancement of Structured Information
Standards (OASIS), Open Geospatial Consortium, Inc. (OGC) and ISO (International
Organization for Standardization), in line with INSPIRE (INfrastructure for SPatial
InfoRmation in Europe) recommendations.
The InterRisk pilot system has been implemented for and validated by users responsible for
risk and crisis management in case of oil spills, harmful algal blooms and other marine
pollution events, in Norwegian, UK, Irish, French, German, Polish and Italian coastal waters.

1.2 Application domains and demonstration regions
The InterRisk pilot monitoring and forecasting system was developed to support risk and
crisis management in the following application domains:
1. Oil spill: Release of oil or oil based material into the ocean from e.g. ships or
offshore installations, whether as result of an accident or as part of daily operation
such as cleaning of ballast tanks. Underwater reservoirs can also be the source of oil
(seepage), but this form of release is typically small in quantities. Oil spills caused by
accidents or malfunctioning equipment can lead to severe and long-lasting damage
to the marine environment, harming fish, birds and other marine mammals, and
polluting the fauna of the coastal zone and beaches for a long period of time. Oil
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spills may thus have a severe impact on economy, as large monetary values can be
lost in e.g. fisheries, aquaculture industry and tourism, to name a few affected
sectors. Clean up expenses usually inflict the largest cost of an oil spill accident.
2. Harmful Algal Bloom (HAB): A large number of algae species exist in the ocean,
but a small percentage can be harmful or toxic to fish, shellfish and/or man. While
blooms occur naturally in most coastal and oceanic areas some species cause
problems by virtue of their high concentrations, possibly as a result of given nutrient
and temperature conditions. Other species are harmful in small concentrations since
they contain toxins that may cause amnesia, paralysis or other problems. In the
coastal zone, where fish farms and other aquaculture industry are located, the
economic losses can be substantial. Tourism may also suffer, for example, if the
algae colours the ocean or causes surface mucilage events that make the
environment less attractive or unpleasant for swimming, as well the psychological
effect of using a “harmful” environment.
3. Eutrophication: Eutrophication is the stimulation of excessive phytoplankton growth
possibly as a result of the release of additional nutrients in coastal waters such as
from run-off of agricultural fertilisers. Eutrophication, in turn, may cause hypoxia
whereby surface or below-surface waters are depleted of oxygen through
degradation of excessive algal biomass. Such waters then do not have sufficient
oxygen to support marine animal life leading to “dead zones”.
4. Environmental degradation: Sustained observation of the coastal zone is
necessary to detect environmental changes caused either by direct impacts of
pollution or indirectly through climate change. This monitoring is important in the light
of various European Commission legislative drivers such as the Water Framework
Directive, Bathing Waters Directive and Shellfish Directive which all require the states
to monitor and improve water quality, biodiversity and habitats. Improvement or
degradation of the environment are obviously both possible, but in each case the
temporal dimension is the key, looking at long time series of date to detect change.
The InterRisk project developed services targeted at the regions shown in Figure 1-1. These
regions are all at risk to be exposed to marine pollution in the form of oil spills and harmful
algal blooms, eutrophication and environmental degradation.

1.3 Terminology
Some generic terms are used in a specific manner in this report. These are:
• Product: A raster map (or other product like an XML (eXtensible Markup Language)
file with an accompanying XSL stylesheet) formatted for display, or a digital data file
(in a standard OGC or W3C format). For instance, an ASAR image in GeoTIFF
format, a ship track or model forecast in GML (Geography Markup Language). A
product can be retrieved from an archive or generated on demand.
•

Service: Any application (software) that produces a product for InterRisk.

•

Basic service: A "simple" service running on a service provider's local computer
network and that integrates with the SSE through a standard OGC/W3C interface.
For instance, a processor service for ASAR, an archive service, a metadata
catalogue service, or an image re-projection service.

•

Complex service: A service composed by chaining several basic services together.
This is done in the SSE workflow definition tool [ESA04].
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1. Norwegian waters
— primary area
— secondary area
2. UK and Irish waters
3. French waters
4. German and Polish waters
5. Italian waters

Figure 1-1 Target regions for GMES services in InterRisk. (Map source:
http://www.lib.utexas.edu/maps/europe.html)

1.4 The InterRisk system of system approach
DISPRO (the DISMAR prototype) is a web-based GIS developed in the DISMAR (Data
Integration System for Marine Pollution and Water Quality) FP5 project [TÓH07]. DISPRO is
one of the major building blocks in the InterRisk system, which has extended the DISPRO
concept to cater for a system of systems with multiple providers – multiple web portals –
multiple user groups. The Service Support Environment (SSE) [ESA04], developed in a
series of ESA projects, has been another major building block for the InterRisk system. Both
of these systems were based on acknowledged web and GIS standards, and supported a
service network offering their services through a common portal. The InterRisk project has
extended this system concept as explained below.
The InterRisk system is a distributed system where a number of data distribution services
(nodes) provide different types of environmental products, such as oil spill observations and
predicted drift, to a set of web portals (Figure 1-2). All system and subsystem communication
is based entirely on established web-GIS and web services standards, and all data
(products) and metadata (descriptions of product content) follow widely accepted standard
formats.
This approach allow the providers to deliver their data and metadata to multiple web portals,
both regional portals customised to specific user groups within national or bi-national waters
as well as pan-European portals offering a wider range of functionality for users that want to
explore the full range of services available and perhaps construct new services based on
these. Thanks to the use of standard protocols and formats, both categories of portals can
utilise the same network of Data Distribution Services (DDSs) (right part of Figure 1-2).
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On the user side (left part of Figure 1-2), all portals (mid part of Figure 1-2) are accessible
through a common web browser, without the need for installing any additional tools. Some
users, say a scientist, may want to access multiple portals to compare the products
available. Other users, such as an operational user, will only use a single portal, the one that
offers products for the region of interest. Operational users responsible for other regions, will
however access the corresponding regional portal and may for instance as part of planning
activities, explore the pan-European portal to see whether additional products are available
for their region.

Figure 1-2 The InterRisk system of systems approach supporting GMES services with a
network of multiple providers – multiple portals – multiple user groups.

1.5 Organisation of this report
The remainder of the report is organised as follows. Chapter 2 describes the user and
service providers’ requirements, and the system design of the InterRisk System. Chapter 3
describes models and schemas developed to support interoperability between the different
subsystems, namely ontologies, metadata profiles and application schemas. The next two
chapters summarises the main development and additions to the InterRisk SSE portal as
well as the regional portals. A summary of user validation is given in Chapter 6, while a
detailed case study for impact assessment of the InterRisk Project tools for an oil spill crisis
in the French Waters of the Bay of Biscay is presented in Chapter 7. The final chapter sums
up the major results from the project and makes recommendations for future development.
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System requirements and design

The InterRisk project conducted an extensive study of user and service providers’
requirements by contacting selected users as well as the service providers of GMES
services in the initial phase of the project and after 12 months. Users contacted include both
those involved in earlier projects, such as DISMAR (IST-2001-37657) and national projects,
and new users identified during the InterRisk project. Identified users includes, among
others, national and local authorities, environmental protection agencies, aquaculture
industry, insurance companies, food safety authorities, expert groups advising the
authorities, scientific organisations, and the general public. The service providers are all
partners of the InterRisk consortium, which will deliver one or more products/services
through the InterRisk system. A total of seven services for end-users have been identified in
the five demonstration regions: Norwegian, UK and Irish, French, German and Polish, and
Italian waters. Based on the captured user and service providers’ requirements, a system
architecture was designed to meet the stated needs and be in line with recommendations
from the INSPIRE and GMES initiatives.

2.1 End-user requirements
End-users in all demonstrations regions were contacted by the service providers to capture
their requirements for data access, analysis, visualisation, etc. Detailed user requirements
are defined in a project report [D1-2], while the main points are summarised below.
2.1.1

User requirements in Norwegian Waters

For Norwegian Waters, InterRisk implemented two services:
• NOROIL – oil spill monitoring and forecasting service
• NORHAB – harmful algal bloom monitoring and forecasting service
These services aimed at delivering the latest available information for detecting and
predicting evolution of (potential) oil spills and harmful algal bloom in coastal waters of
Norway. The user groups included operators regularly assessing the current situation,
decision-makers acting on this assessment, policy-makers making the longer terms
decisions of the services, fish farmers which could be directly affected by a pollution event,
scientists and the general public. Their needs are summarised in Table 2-1.
Table 2-1 User needs for the NOROIL and NORHAB services.
Functions\Users

Operator

Near-real time access to the
latest data
Access to recent and historical
data (which are public)
Display of data (with common
GIS operations)
Analysis and modelling tools
Report generating tools
Uploading own data
Downloading data
Search and view metadata
Customisation (e.g. profiles)

X

Decision Fish
Maker
Farmer
X
X

Policy
Maker

Scientist General
Public

X

X

X

X

X

X

X

X

X

X
X

X
X
X

X

X

X
X

X

X
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User requirements in UK and Irish Waters

The water quality and HAB service services developed for UK and Irish Waters targeted four
main user groups: HAB and Fisheries end-users, water quality end-users, scientific and
observatory users, as well as the general public. Their needs are summarised in Table 2-2.
Table 2-2 User needs for the UK/Irish HAB and water quality services.
Functions\Users
High performance system with
short response time
Pan-European coverage
High resolution data for specific
areas
Access to latest + historical data
Plot time series, depth profiles,
time and depth plots, etc
Easy to move +/- 1day for
selected layers
Information tool to get further info
(metadata) for layers
Access to data analysis + reports
Data downloading
Support multiple browsers
Configurable layers (profiles)
Look & Feel like Windows
User interface customised to user
type (expert, operational, etc.)

2.1.3

HAB and
Fisheries
X

Water quality Scientific or
users
observatory users
X
X

General
Public

X
X

X
X

X
X

X
X

X
X

X
X

X

X

X

X

X

X

X

X

X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

X

X
X
X
X

User requirements in French Waters

The objective of the French Oil Spill Monitoring Service was to develop a pilot system that
enabled primary data providers, expertise providers and the final end-user (the authorities) to
get access to the latest data and deliver the results of the analyses to the authorised users.
The “Slick drift monitoring and prediction committee”, managed by Cedre is gathering
expertise from French Navy Hydrographic Service, Meteo France, Cedre, and IFREMER.
The committee receives all the primary observations and forecast model outputs and
provides daily synthesis and reports to the Maritime Prefect on slick monitoring during all the
period the pollution is still adrift at sea. The functions that are needed by each user group
are summarised in Table 2-3.
Table 2-3 User needs for the French Oil Spill Monitoring Service.
Functions\Users
Administrate user profiles/privileges
and useful layers for the current crisis
Metadata browsing
Visualise data
Download data
Upload data
Request and warning messages
Prepare synthetic information for end
users

System
operator
X

Primary data
providers

Expertise
providers
X

End users

X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X

X
X
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User requirements in German and Polish Waters

In German and Polish waters, the InterRisk project implemented two services:
• Wind and Potential Oil Spill Service (GERPOS)
• Ocean Colour Novelty Service (GERNOS)
For the first service, having near real time access to the latest data and predictions were
crucial. The main user group for GERPOS is operational users, while decision-makers in
national and local authorities, scientists and the general public were also targeted. For the
second service, the main user group was organisations responsible for water and coastal
monitoring and management, while scientists and the general public were also potential
users. The needed functionality of these user groups is summarised in Table 2-4.
Table 2-4 User needs for the services in German and Polish Waters.
Functions\Users
Near-real time access to new data
Fast response from system
Access to historical data
Access to metadata
Data download
User interface should be intuitive
Look & Feel like Windows
GIS operations (zoom, pan, etc.)

2.1.5

Operational
user
X
X
X
X
X
X
X

Decision
maker
X
X
X
X
X
X
X
X

Scientist
X
X
X
X
X
X
X
X

General
Public

X
X
X

User requirements in Italian Waters

The Oil Spill Monitoring and Forecasting Service for Italian waters targeted three main user
groups: (1) operators, (2) decision makers and (3) the general public. Its aim was to serve
these users with the most recent data, analyses and predictions of (potential) oil spills in
coastal waters of Italy. Table 2-5 summarises the needed functionality of these user groups.
Table 2-5 User needs for the oil spill service in Italian Waters.
Functions\Users
Near real time access to new data
Access to archived data
Analysis + reporting tools
Access to latest data
Access to latest analysis reports
GIS operations (zoom, pan, etc.)
Data downloading

Operational
user
X
X
X
X
X
X
X

Decision
maker
X
X

General
Public

X
X
X
X

X
X
X

2.2 Service providers requirements
All service providers in the consortium defined their needs for service integration in the
InterRisk SSE. The main points of these requirements are described below.
2.2.1

Protocols supported for services

The service providers in the five demonstration regions in InterRisk needed to deliver:
• Gridded data (such as satellite images and model forecasts) through the WMS 1.1.0
and 1.1.1, WCS 1.0.0 and OPeNDAP standards.
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Vector data (such as time series of ocean temperatures) through the WFS 1.0.0 and
1.1.0 standard.

For the construction of composite (chained) services in the InterRisk SSE, some of the
providers also needed support for the WPS 1.0.0 standard [WPS].
2.2.2

Graphical User Interface (GUI) requirements

For the display of gridded (and vector) data it was a high priority requirement to be able to
handle the time information of the datasets correctly. For instance, for a multi-time step data
set to be able to select a particular time and display the corresponding observation or
forecast. Support of animations was also requested.
For some products, typically model forecasts, it was also seen as very important to be able
handle depth-dependent data, and allow the user to seamlessly select which depth he
wanted to access the data from.
2.2.3

Other requirements

For several providers, especially those addressing operational users, it was seen as crucial
to be able to restrict access to products and services to authorised users. It was equally
important for other providers that their products should be publicly available and that the user
would need a minimal effort to learn how to operate the GUI of the InterRisk system.
Customisability, such as the ability to define a user profile deciding what layers and
operations the user get access to, was also a key requirement across the demonstration
regions. The ability to download data, in a standard format, was also requested by multiple
user groups.
For operational users, naturally the response time and robustness of the system were critical
issues. Also, supportability and extensibility were seen as highly critical. The system and
services must be sustainable to ensure they can be further developed and run operationally
long after the project ends.

2.3 SSE System design
The InterRisk SSE architecture was developed using RM-ODP (Reference Model for Open
Distributed Processing) [ISO98]. The RM-ODP model analyses open distributed systems
through 5 different views:
• The enterprise viewpoint: A viewpoint on the system and its environment that focuses
on the purpose, scope and policies for the system.
• The information viewpoint: A viewpoint on the system and its environment that
focuses on the semantics of the information and information processing performed.
• The computational viewpoint: In this project, this viewpoint was replaced with a
service viewpoint that specifies the services that support the syntactical and semantic
interoperability between the high-level operational services required by the GMES
programme for InterRisk.
• The engineering viewpoint: A viewpoint on the system and its environment that
focuses on the mechanisms and functions required to support distributed interaction
between objects in the system.
• The technology viewpoint: A viewpoint on the system and its environment that
focuses on the choice of technology in that system.
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Section 2.3.1 gives a summary of the engineering viewpoint. A full description of the system
architecture is found in [D2-2].
InterRisk also brought several new architectural components to the existing SSE platform:
1. Regional InterRisk Portals: See Chapter 5.
2. Ontology subsystem: See Chapter 4.
3. Service registration wizard supporting additional protocols: See Chapter 4.
4. Clients for InterRisk external services: See Chapter 4.
2.3.1

SSE Architecture

The system is decomposed into several components corresponding to the multi-tier
architecture (client(s), web server(s) – application server(s) and back-end systems) as
shown in Figure 2-1.
The Web Client (1) is the client-side application that runs on client machine’s web browser. It
interacts with the InterRisk Portal via Internet. Application Client (2) contains applications of
all non-web clients, such as Java application client or SOAP client. The workflow definition
and monitoring tools are parts of this component.
The Presentation Controller component (3) is located on the web server and contains: JSPs
(Java Server Pages), JavaScript and Java code that handles all aspects of data
presentation. The Presentation Controller also provides a multi-lingual and internationalized
web site. The Request Handler (4) runs on the web server and helps to separate the layout
control of requests from the presentation.
The Service Administration component (5) provides functions that are used to create, list,
delete, search, get or update information of a service and service category, while the User
Administration component (6) provides functions that are used to create, list, delete, search,
get, validate or update information of company directory and user. The next component,
System Administration (7), provides functions that are used to edit and publish news items,
to make statistics on service use, etc. This system functionality will be done by the system
administrator. Order Management (8) provides functions that are used to manage and
administrate users’ orders. Based on the users’ privileges, it allows users to get quotation of
a service, to order or subscribe a service, to cancel an order, to list and get information of
their orders, to track the current status of their orders, or to export order entries to files, etc.
Ontology Management (9) provides functions that are used to be independent of the
Sesame ontology server used to store the ontology repository.
The Utilities component (11) provides various tools such as parsers and data loggers that
are needed by the other parts of the InterRisk SSE. The Workflow Engine (10) reads the
workflow definition, executes it and tracks events, while the Ontology Server (12) stores the
ontology repository in a database.
The Back-end system is comprised of several components: The system Database (13)
which stores all data needed by the system, an LDAP Server (14) which handles user
authentication, an UDDI Registry (15) which implements the service discovery function, a
Gateway (16) component that helps to build a connection from the system to other
application systems (of Service Providers) or legacy systems, a Service Provider System
(17) which actually stands for all the application systems of Service Providers, and finally a
set of Legacy System (18) which stands for all legacy systems, such as billing or payment
system.
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2. Application Client
(Java Client or SOAP Client)

1. Web Client

Client

Client
HTTP / HTTPS

3. Presentation
Controller

4. Request
Handler
Web Server
TCP/IP

5. Service
Administration

6. User
7. System
Administration Management

8. Order
9. Ontology
Management Management

Application Framework
Application Server

10. Utilities

11. Workflow
Engine

12. Ontology
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Back-end System
16. Gateway
14. LDAP

15. UDDI
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Adapter

Protocol
Adapter
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SOAP over HTTP/HTTPS

17. Service Provider
System

SOAP
Adapter

RMI, RMI – IIOP, ORPC, etc.
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Protocol
Adapter

External System

RMI, RMI – IIOP, ORPC, etc.

Figure 2-1 The InterRisk SSE Architecture – Component View.
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3 Ontologies, metadata profile and GML application schemas
InterRisk has developed several ontologies, metadata profiles and GML application schemas
to support interoperability between the service providers’ system and the regional and panEuropean SSE portals. The subsequent sections describes a selection of these
developments.

3.1 The InterRisk ontologies
An ontology is a data model of a set of concepts in an application domain and the
relationships between these concepts that can be used by a computer program to provide
more flexible search and discovery functions. InterRisk has developed data ontologies for oil
spill and harmful algal blooms, as well as keyword ontologies for standard terms for
disciplines, themes, place, temporal and stratum [D3-2A], conforming to the ISO-19139
[ISO07] and ISO-19115 [ISO03] keywords types.
The data ontologies develop a knowledge base for oil spills and HAB, with rich semantics,
which can be queried and reused over the Semantic Web [AH08]. They constitute a way to
harmonize data vocabularies among the InterRisk resource providers. The aim of this
harmonization is to facilitate semantic interoperability between InterRisk Web feature
services. The idea here is that the different provider services will use the same vocabulary
which will allow a human or an application user (for example the InterRisk portal) to interact
with the partners’ WFS using the same vocabulary (e.g. oil types, species).
Keywords ontologies aim to make metadata more interoperable by defining ontologies for
metadata keywords. In addition to a controlled vocabulary we get context and relationships
for the terms used. Relationships such as Cork is narrower than Ireland, and Ireland is
narrower than Europe, can be expressed using the keywords ontologies. The purpose is to
improve keyword search using an inference engine. For example, if the place keywords for a
dataset only contain the term Cork, and a user queries a metadata catalogue using the place
term “Europe” or “Ireland” they still will get this dataset in the response, because Cork is in
Ireland and Ireland is in Europe, which also infers that Cork is in Europe. Five ontologies are
being developed for keywords, conforming to the five types of keywords of the ISO-19115
and 19139 metadata standards: discipline, theme, place, temporal and stratum.
The InterRisk data ontologies have been implemented in OWL (Web Ontology Language),
and they can be found online at the following locations:
• The Oil Spills ontology is available at http://interrisk.ucc.ie/ont/200808/oil.owl
• The HAB ontology is available at http://interrisk.ucc.ie/ont/200808/phytoplankton.owl
The InterRisk keywords ontologies have been developed in SKOS (Simple Knowledge
Organisation System) [W3C09], which is supported by GeoNetwork.
• The Discipline ontology defines a taxonomy for scientific disciplines, such as Biology,
Geology, etc. It is available at: http://interrisk.ucc.ie/ont/200808/disciplines.rdf.
• The Theme ontology defines a taxonomy for themes, such as Marine Environmental
Risk, Oil Spills, etc. It is available at: http://interrisk.ucc.ie/ont/200808/themes.rdf.
• The Place ontology defines a taxonomy for geographic places, such as countries,
towns, etc. It is available at: http://interrisk.ucc.ie/ont/200808/places.rdf.
• The Temporal ontology defines a taxonomy for time such as months, seasons, etc. It
is available at: http://interrisk.ucc.ie/ont/200808/temporal.rdf.
• The Stratum ontology defines a taxonomy for Strata, such as seabed, sea surface,
etc. It is available at: http://interrisk.ucc.ie/ont/200808/strata.rdf.

NERSC Technical report no. 309

InterRisk Final Scientific Report

12

In the last year of the project a new theme ontology was developed to facilitate a more
flexible metadata search mechanism in the InterRisk SSE. In the InterRIsk Theme Ontology,
we have classified terms from the application domains and captured their relationships. This
classification is drawing upon an ESA ontology called OTEG (Open Access Ontology /
Terminology for the GMES Space Component) [OTEG], which has been developed to
support service and product discovery and access across multiple information systems for
GMES applications. Figure 3-1 shows parts of the hierarchy of terms for harmful algal bloom
monitoring and forecasting. The terms shown in black represent terms that are concepts or
groups of products in the application domain, while the terms shown in blue represent
specific product types.
Using this hierarchy the InterRisk SSE portal can help the users discover products and
services by entering search terms which are identified or related to a defined term and to find
all items associated with a given term. For instance, searching for the term “Reference
Information” will locate all products of type “Bathymetry”, “Elevation”, etc., while a search for
the term “Algae Monitoring” will retrieve all products associated with this term as well as with
all terms below it in the classification hierarchy. Examples of use of the ontology search
facility are shown in section 4.2.

Figure 3-1 Illustration of parts of the InterRisk Theme Ontology extending the ESA OTEG
ontology.
The InterRisk Theme ontology is encoded in OWL (Web Ontology Languge) [OWL] and is
found online at:
• http://interrisk.ucc.ie/ont/200905/annotation.owl: Annotation ontology for defining
annotation properties (e.g. ‘related terms’, ‘synonyms’, ‘term type’, etc.) for the
subsequent ontologies.
• http://interrisk.ucc.ie/ont/200905/product.owl: Product type ontology for use in the
metadata parent identifier information.
• http://interrisk.ucc.ie/ont/200905/mappings.owl: Mappings ontology for linking themes
to products.

3.2 The InterRisk metadata profile
One objective of the InterRisk project was to make existing marine services interoperable.
To achieve this, harmonising metadata for these services and their products s an important
task, enabling end-users to search for products/services of interest. Search terms are
commonly termed discovery metadata. Defining a discovery metadata profile for InterRisk
products and services was therefore a key task in the project.
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The InterRisk metadata profile is based on established standards for geographic metadata:
ISO 19115 (Geographic information -- Metadata) [ISO03] [ISO05] and ISO 19139
(Geographic information -- Metadata -- XML schema implementation) [ISO07]. The encoding
in XML based on ISO 19139 will further contribute to interoperability by providing a platform
and programming language independent encoding of metadata.
We developed a first version of the InterRisk metadata profile through a set of XML
Schemas [W3C07b]. These schemas are available at http://metadata.nersc.no/2009/gdmd/.
After testing and revising the first version of the profile, a final version was made in 2009.
This version uses the ISO 19139 schema for validation, and is compatible with the with CSW
2.0.1 ISO AP specification [VS].
Thus, all products delivered through the InterRisk system are accompanied by a description
of its content – i.e. metadata – that is structured and formatted in accordance with INSPIRE
recommendations [INSP09]. We have customised the generic structure defined by the ISO
19139 standard to suit the needs of the InterRisk system. The major metadata elements
include:
•
•
•
•
•
•
•
•
•

A unique identifier (name) of the product
Its coverage in space and time
Terms from the InterRisk Theme Ontology that pertain to the product
What product type it belongs to
Product title and abstract
Restrictions on use (if any)
Descriptions of the processing (lineage)
What format the product is stored in and its size
Contact information for its provider

The metadata is stored as an XML (eXtensible Markup Language) [W3C07a] file, i.e. a plain
text file with special “tags” identifying the various metadata elements. An excerpt of a
metadata file for a satellite image from the ASAR (Advanced Synthetic Aperture Radar)
sensor is shown in Figure 3-2. This small snippet of XML shows how the product is ‘linked’ to
the InterRisk Theme ontology by including the relevant classification terms and reference to
their definition in the OWL representation of the ontology.
The metadata file is meant for computer programs to analyse and extract relevant
information for use by product and service discovery clients, such at the pan-European SSE
portal’s catalogue search client as well as single CSW metadata catalogue search clients.
The generation of metadata files is typically automated by a small program or a tool in a GIS
program that prepare the XML file according to the InterRIsk metadata profile. For manual
entry of metadata and inspected of previously generated metadata, the metadata catalogue
server GeoNetwork [GeoN] also provides a forms-based graphical user interface where a
user can input, edit or view the metadata through a graphical user interface (GUI).

NERSC Technical report no. 309

InterRisk Final Scientific Report

14

…
<gmd:descriptiveKeywords>
<gmd:MD_Keywords>
<gmd:keyword>
<gmx:Anchor
xlink:href="http://interrisk.ucc.ie/ont/200905/theme.owl#MicrowaveRadarImages">Microwave
Radar Images</gmx:Anchor>
</gmd:keyword>
<gmd:type>
<gmd:MD_KeywordTypeCode codeList="#MD_KeywordTypeCode" codeListValue="theme"/>
</gmd:type>
<gmd:thesaurusName>
<gmd:CI_Citation>
<gmd:title>
<gmx:Anchor
xlink:href="http://interrisk.ucc.ie/ont/200905/theme.owl">InterRisk Theme
Ontology</gmx:Anchor>
</gmd:title>
<gmd:date>
<gmd:CI_Date>
<gmd:date>
<gco:Date>2009-05-29</gco:Date>
</gmd:date>
<gmd:dateType>
<gmd:CI_DateTypeCode codeList="#CI_DateTypeCode"
codeListValue="publication">publication</gmd:CI_DateTypeCode>
</gmd:dateType>
</gmd:CI_Date>
</gmd:date>
<gmd:identifier>
<gmd:MD_Identifier>
<gmd:code>
<gco:CharacterString>http://interrisk.ucc.ie/ont/200905/</gco:CharacterString>
</gmd:code>
</gmd:MD_Identifier>
</gmd:identifier>
</gmd:CI_Citation>
</gmd:thesaurusName>
</gmd:MD_Keywords>
</gmd:descriptiveKeywords>

Figure 3-2 Excerpts of metadata file for a satellite image. The descriptiveKeywords element
includes the terms from the InterRisk Theme Ontology and is linked to the online OWL
representation of the ontology (shown in bold font in the figure).

3.3 A GML profile for vector data
Some products, typically point data sets or other vector data, an also be delivered in XML
format by a WFS server. For this purpose, we have defined what is called an application
schema of GML (Geography Markup Language) [LBTR04], i.e. a specialisation of the
generic GML schemas to suit the needs of the environmental products delivered by
InterRisk. Figure 3-3 shows a small part of such a GML file, containing a series of in situ
measurements from instruments mounted onboard a passenger ferry.
Again, such XML file is meant for a computer program, e.g. a plotting tool, to extract the
values and produce some output. Figure 3-4 shows how such a GML file containing of ocean
temperature and chlorophyll-a measurements can be transformed to an XY-plot, without the
user having to know any details of the data format (which is similar to what is shown in
Figure 3-3). The WFS plotting component that generated the plot in Figure 3-4 was
developed by Plymouth Marine Laboratory (PML) in the InterRisk project for use in the UK
and Irish Waters Regional Portal. The same plotting component has also been integrated by
the Nansen Environmental and Remote Sensing Center (NERSC) in the DISPRO portal,
which is used for Norwegian portal.
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Figure 3-3 Extracts of a GML file with in situ observations from a Ferrybox sensor system.

Figure 3-4 Example of plotting of a GML file with in situ measurements.
The example above used a GML schema defined by GeoServer [GeoS], a public domain
web-GIS tool that supports the WFS [WFS] protocol for delivery of vector data. The InterRisk
project also developed three schemas: (1) The Arc Marine GML Application Schema, (2) The
InterRisk Oil Spills GML Application Schema, and (3) The InterRisk HAB GML Application
Schema [D3-2C]. All schemas are built on top of the common framework of GML, and using
for the Arc Marine Data model [WBNB07].
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4 SSE portal and components
This chapter presents the clients which were designed, developed and integrated as part of
InterRisk and made available in the SSE InterRisk Portal. These developments include:
• Catalogue client for OGC 04-038 CSW ISO Application profile (Discussion Paper)
[VS] as implemented by GeoNetwork [GeoN]. This client supports: (1) Collection
discovery, (2) Dataset discovery, and (3) Service discovery.
• Catalogue client for OGC 07-045 CSW ISO Application Profile (Implementation
Specification) [OGC08].
• Catalogue client for the InterRisk CSW Application Profile as defined in [D3-2B].
• Catalogue client for OGC 07-038 ISO19115/19119 Extension Package for ebRIM
[OGC09].
• Ontology client for accessing the InterRisk ontology server, which is developed using
Sesame and OWL.
• On-line data access clients, supporting the OGC WMS [WMS], WFS [WFS], WCS
[WCS] and OPeNDAP [OPENDAP] protocols.
In addition, the InterRisk SSE Registration Wizard has been extensively updated to support
these protocols. The benefit of integrating protocol support in the Wizard is that the
registration process in the InterRisk Portal becomes fully automated and no development of
stylesheets, XML schemas or BPEL (Business Process Execution Language) [BPEL]
workflows is required to integrate additional service instances in the InterRisk Portal.
The subsequent sections describe the product discovery component of the catalogue client
for the OGC 04-038 specification, the ontology client, and the on-line data access clients.

4.1 Product discovery in SSE client accessing GeoNetwork servers
The InterRisk dataset collection metadata is assumed to be compliant with ISO 19115
[ISO03] and its ISO 19139 [ISO07] XML encoding. Therefore, this client accesses the
encoding of the ISO 19115 metadata for the InterRisk collections according to the
ISO19115/19119 Extension Package for ebRIM (OGC 07-038) [OGC05] specification. The
information model is based on ebXML Registry Information Model (ebRIM) 3.0 which is an
OASIS specification [OAS05] as well as an ISO specification [ISO08]. Table 4-1 shows the
operations defined by the ebRIM Application Profile catalogue specification.
Table 4-1 Operations of OGC 07-038 Service and Collection Discovery Client.
Operation
GetCapabilities (**)
GetRecords (*)
DescribeRecord
GetRecordByID (*)
GetRepositoryItem
GetDomain

Binding
mandatory
mandatory
mandatory
mandatory
mandatory
optional

Type
Synchronous
Synchronous
Synchronous
Synchronous
synchronous
synchronous

Only the operations marked with an “*” are actually used by the InterRisk SSE client. The
operations marked with “**” are used by the Registration Wizard.
Figure 4-1 shows the relationship between of the above mentioned standards for metadata
catalogues. The OGC catalogue specification (currently at version 2.0.2) has two application
profiles that inherit all its properties: the ISO Application Profile and the ebRIM Application
Profile. The ISO Application Profile is dedicated to catalogues storing ISO 19139 metadata
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files, while the ebRIM Application Profile is general-purpose and can be used to store
various types of metadata.
Catalogue 2.0.1
2.0.2
OGC 07-006
04-021

CSW ISO AP

CSW ebRIM AP

OGC 07-045
04-038

OGC 05-025
07-110

OASIS RIM

Instantiates

ISO/TS 15000-3
Instantiates
RIM
extension package
for E0

OGC 06-131

RIM
extension package
for ISO

OGC 07-038
Refers to

Refers to

Metadata
Datasets

Metadata
Services

ISO 19115

ISO 19119

Figure 4-1 Relationship of OGC 07-038 with other related standards.
Figure 4-2 shows the main GUI of the catalogue client. Figure 4-3 shows part of metadata
results for one dataset, accessed by pressing the “Metadata” button in the main GUI.

Figure 4-2 GUI for GetRecords (CMRC Catalogue.
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Figure 4-3 GUI for GetRecordById (CRMC Catalogue).

4.2 The ontology client
The InterRisk Theme Ontology (section 3.1) was defined based on the ESA OTEG ontology,
and implemented in OWL. The OWL files were imported in the Sesame ontology server in
the InterRisk SSE portal, where there were used in the ontology client. In addition, InterRisk
resources such as products and services were described using the InterRisk metadata
profile (section 3.2), which is ISO 19139 compliant. To link with the theme ontology, it was
decided that:
• The “keyword” field of the Interrisk metadata will contain words from a controlled
vocabulary which correspond to objects in the InterRisk ontology.
• The “keyword” field would contains the “labels” (i.e. rdfs:label) and the URNs as
shown below.
• The “parentidentifier” field would be filled with the “product type” name also appearing
in the ontology.
<gmd:parentIdentifier>
<gco:CharacterString>ENVISAT.ASA_WSM_1P</gco:CharacterString>
</gmd:parentIdentifier>

The XML extract below shows how the keyword ontology information is included in the
ISO19139 metadata. This approach is used for InterRisk.
<gmd:descriptiveKeywords>
<gmd:MD_Keywords>
<gmd:keyword>
<gmx:Anchor
xlink:href="http://interrisk.ucc.ie/ont/200905/theme.owl#MicrowaveRadarImages"
>Microwave Radar Images</gmx:Anchor>
</gmd:keyword>
<gmd:type>
<gmd:MD_KeywordTypeCode codeList="#MD_KeywordTypeCode"
codeListValue="theme"/>
</gmd:type>
<gmd:thesaurusName>
<gmd:CI_Citation>
<gmd:title>
<gmx:Anchor
xlink:href="http://interrisk.ucc.ie/ont/200905/theme.owl">InterRisk
Theme
Ontology</gmx:Anchor>
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</gmd:title>
<gmd:date>
<gmd:CI_Date>
<gmd:date>
<gco:Date>2009-05-29</gco:Date>
</gmd:date>
<gmd:dateType>
<gmd:CI_DateTypeCode codeList="#CI_DateTypeCode"
codeListValue="publication">publication</gmd:CI_DateTypeCode>
</gmd:dateType>
</gmd:CI_Date>
</gmd:date>
<gmd:identifier>
<gmd:MD_Identifier>
<gmd:code>
<gco:CharacterString>http://interrisk.ucc.ie/ont/200905/</gco:CharacterString>
</gmd:code>
</gmd:MD_Identifier>
</gmd:identifier>
</gmd:CI_Citation>
</gmd:thesaurusName>
</gmd:MD_Keywords>
</gmd:descriptiveKeywords>

The ontology browser is a hierarchical graph that shows all information about the ontology. It
contains typed relations, the type names following one or the other type of link. When we
select a node, all attributes belonging to that node are shown also (Figure 4-4).

Figure 4-4 The ontology browser in the Space tree view with the depth level is 1.
By browsing the ontology, the keyword is defined by the label of the selected node and all of
its children and grandchildren. The selected node is shown in black in Figure 4-5. After
pressing the “Search” button, the resources (in this case services), that are linked to the
term “Marine pollution” will be displayed as shown in Figure 4-6. Clicking on any of the links
(shown in blue) in this window, one can move on the full metadata for the selected resource.

NERSC Technical report no. 309

InterRisk Final Scientific Report

20

Figure 4-5 Visualisation of ontology and selected node.

Figure 4-6 Ontology-based service discovery - Search Result Interface.

4.3 Basic services in the on-line data access clients
WMS, WFS and WCS service registration is supported by the InterRisk Portal’s Registration
Wizard and the SSE WebMapViewer. Figure 4-7 shows an example of overlaying multiple
radar satellite images from a WMS server, integrated in the InterRisk SSE. Each layer
represents a single point in time.

Figure 4-7 InterRisk SSE WMS service overlaying multiple raster layers.
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The InterRisk SSE web map viewer can also handle layers which contain data for multiple
time steps, as shown in Figure 4-8. This feature was implemented by the ESA SAS project,
and integrated in the InterRisk SSE. With this feature products such as model forecasts and
time series of satellite images can be readily handled, and the user can switch between the
available times for data or even show the whole time series as an animation.

Figure 4-8 Oil drift forecast from met.no in the SSE InterRisk portal. Simulation of the oil spill
from the ship “Full City” which ran ashore at Langesund Norway, July 31st. 2009.
The SSE web map viewer can also overlay raster and vector data on the same map. An
example of this is shown in Figure 4-9 where satellite, in situ and model data have been
combined for the purpose of oil spill monitoring and forecasting in French Waters.

4.4 A complex service for marking ocean areas of high chlorophyll-a
The InterRisk SSE also supports complex services, i.e. the chaining of basic services to form
a new product. One of the implemented complex services takes satellite images or model
outputs of chlorophyll-a concentration and masks all values greater than a user defined
threshold. A typical threshold value would be 10 mg m-3, a commonly used threshold for
reporting on areas of eutrophication, for example for OSPAR. However, the user can select
their own threshold to meet local requirements or reflect changes to European reporting
(Figure 4-10).
In the SSE interface the user can also select which date she wants to compute the high
chlorophyll-a concentrations map from. In addition, she must select the area of interest by
drawing a rectangle on the map showing the original chlorophyll-a values (in the middle of
Figure 4-10). Once the threshold value and date is selected the “Search” button must be
pressed to execute the service. The resulting map is then shown below the map area.
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This complex service is publicly available in the ESA SSE portal:
• http://services-test.eoportal.org/portal/service/ShowServiceInfo.do?serviceId=47809B81

Figure 4-9 Combined visualisation of a quicklook of sea surface roughness (raster data), and
oil slick drift forecast (vector data) and several ARGOS buoys drift (vector data) in the
InterRisk SSE portal.

Figure 4-10 InterRisk SSE complex service for chlorophyll-a thresholding.
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4.5 A complex service for marking and highlighting areas of high chlorophylla concentrations
This service extends the service presented in the previous section by generating another map
identifying (i.e. highlighting) chlorophyll-a values that exactly match the given threshold. Thus, this
service takes satellite images or model outputs of chlorophyll-a concentration and masks value greater
than a user defined threshold. In addition, the service identifies values that are equal to the threshold.
In the SSE interface the user can select the threshold value, the date and geographic area of interest
(Figure 4-11). Once the threshold value and date is selected the “Search” button must be pressed to
execute the service. The resulting maps are then shown below the map area.
This complex service is publicly available in the ESA SSE portal:

•

http://services-test.eoportal.org/portal/service/ShowServiceInfo.do?serviceId=4780DF81

Figure 4-11 The SSE interface to the service for chlorophyll-a thresholding and highlighting.

4.6 A complex service for oil spill detection in satellite radar imagery
The project developed software for automatic detection of oil slicks in Envisat ASAR
(Advanced Synthetic Aperture Radar) WSM (Wide Swath Mode) images by a feature-based
approach and the Support Vector Machine (SVM) classification algorithm [CST00]. The first
version of the software ran on a stand-alone computer, and included procedures for image
pre-processing, land masking, segmentation, feature extraction, and finally detection.
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The modular software organisation facilitated the development of each step in the
processing chain as a web-enabled data processing service by means of the WPS standard
[WPS] and the PyWPS tool [PYWPS]. This complex service (Figure 4-12) consists of four
WPS operations for (1) pre-processing, (2) adaptive thresholding, (3) image segmentation
and (4) classification using Support Vector Machines (SVM).
The image pre-processing step (implemented as WPS ‘preProcessASAR’) consists of the
WPS service ‘preProcessASAR’ that calbrates, normalises and geo-codes an ASAR.N1
image fragment and saves the resulting image in a GeoTiff file and a PNG format. The
fragment can then be retrieved by entering the corresponding fragment number.
The image thresholding process (implemented as WPS ‘adaptiveThreshold’) thresholds an
input grey scale image to black [pix.val=1] and white [pix.val=255] according to the threshold
value defined as Mean[image brightness]*scaling_factor.
The image labelling process (implemented as WPS ‘markSegments’) labels the segments in
a thresholded image by unique numbers and produces a segmented image (RGB image in
PNG format, in which each segment has a unique combination of RGB components).
The oil spill detection (implemented as WPS ‘detectOil’) uses the normalised ASAR image
and the segmented image. For each segment in the segmented image, a number of
segment parameters (currently 32) are computed in the pre-processed ASAR image. The
values of these parameters are then used to classify the segment, using the SVM algorithm,
which has been trained with a set of oil spill and ‘look-alikes’ images to distinguish these two
classes.
The oil spill detection service has been integrated in the InterRisk SSE, and when executed,
it automatically identifies potential oil spills in a high-resolution ASAR image. There are
currently 10 image fragments to choose from in the InterRisk SSE, and the desired fragment
(number) as well as the other input parameters (e.g. scale factor) can be defined in the GUI
of the SSE (Figure 4-13). Figure 4-14 shows the images from each step in the processing
chain.

Figure 4-12 Flowchart for the complex service for oil spill detection in satellite radar imagery.
This complex service is publicly available in the ESA SSE portal:
• http://services-test.eoportal.org/portal/service/ShowServiceInfo.do?serviceId=4780DB81
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Figure 4-13 InterRisk SSE complex service for oil spill detection in satellite radar images.
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(a)

(b)

(c)

(d)

Figure 4-14 Examples of an Envisat ASAR image classified with the SVM algorithm in the
InterRisk SSE. (a) Normalised backscatter image; (b) Thresholded image; (c) Segmented
image; (d) oil spill map with identified oil spills marked with red colour.
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5 Regional services and portals
In each of the five demonstration regions, Norwegian Waters, UK and Irish Waters, French
Waters, German and Polish Waters, and Italian Waters, a regional portal has been set up
and customised to the users in that region. These portals are described in the subsequent
sections.

5.1 Norwegian Waters Regional Portal
5.1.1

Objectives

Two services were implemented for Norwegian Waters during InterRisk:
• The Norwegian Oil Spill Monitoring and Forecasting service, NOROIL, for monitoring
and forecasting of marine oil spills using satellite observations and operational
numerical models.
• The Norwegian Harmful Algal Bloom Service, NORHAB, which aims to deliver daily
information of all relevant parameters for monitoring algal situation along the
Norwegian coast for use by the fisheries authorities and the aquaculture industry.
Both services are available through the Norwegian Waters Regional Portal [NPORTAL],
which is updated daily with the latest satellite images and derived products, in situ
observations and model forecasts (see [D5-3] for a list of products). The portal also contains
data from specific events, such as the “Full City” accident (Figure 5-1, Figure 5-2) and a
comparison between satellite MERIS and in situ Ferrybox chlorophyll-a data (Figure 5-3).

Figure 5-1 Predicted drift for the oil spill released by “Full City” tanker outside Langesund,
Norway, in late July 2009.
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Figure 5-2 Envisat ASAR image and aircraft photo confirming the oil spill from “Full City”.
(Image source: ESA and NERSC for ASAR images; Kystverket for aircraft photo.)

Figure 5-3 Overlaying satellite MERIS and in situ Ferrybox chlorophyll-a concentrations.
MERIS data were obtained on 25 February 2008; Ferrybox data on 24 February 2008. The
legend to the right shows the concentration in mg/m^3.
5.1.2

Architecture

The Norwegian Waters Regional Portal is based on DISPRO [TÓH07]. Figure 5-4 shows the
architecture of the portal, which is client-server based, and integrates data from any number
of providers that have set up a WMS compliant data node. The DISPRO database is
updated every 15 minutes (configurable) with new layer lists from all registered nodes via
GetCapabilities requests. DISPRO uses UMN MapServer (http://mapserver.gis.umn.edu/) to
implement a WMS Server/Client solution following the OGC WMS protocol.
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DISPRO Client

DISPRO Portal

Data Server(s)

Figure 5-4 DISPRO system architecture [D6.3].
The DISPRO system is composed of three major subsystems: (1) the DISPRO client, (2) the
DISPRO portal and (3) DISPRO data nodes. The DISPRO client is implemented in
Javascript and HTML, using a Javascript library called msCross [MSCROSS] and with HTML
(HyperText Markup Language) files generated on demand by the DISPRO portal server. The
DISPRO portal is developed using the Cocoon web publishing framework [AC], the eXist
database [EXIST] and a series of Python scripts and XSLT (XSL Transformations)
stylesheets [W3C99] for dynamically generating the graphical user interface. The DISPRO
nodes are WMS compliant data servers, implemented using open source tools such as UMN
MapServer or commercial tools like ArcIMS.

5.2 The UK and Irish Waters Regional Portal
5.2.1

Objectives

The UK & Irish Waters Regional Portal [UKIPORTAL] is a single access point for products
provided by the InterRisk partners for the region (see [D5-3] for a list of products). A large
number of the data are time specific and the viewer allows the user to select data for
particular days via a calendar interface (Figure 5-5). Metadata are also available which,
among other things, provide a list of days for which a particular dataset has data.
Where numerical data are available they may be displayed, plotted and downloaded using
tools built in to the portal (Figure 5-6). An online guide to the portal is available at
http://wwwdev.npm.ac.uk/rsg/projects/interrisk3/help.html.
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Figure 5-5 UK & Irish Waters Regional Portal map viewer.

Figure 5-6 CTD contour plot for Station L4 in the Western English Channel.
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Architecture

The portal consists of two primary components: (1) a JavaScript web client (using the
OpenLayers library [OL] and MapFish [MF] framework), and (2) a Python server. It uses
AJAX programming techniques to access WMS and WFS servers hosted by the partners (or
any other compatible service). Figure 5-7 illustrates the architecture of the portal.
5.2.2.1 Portal server
A list of WxS servers is maintained in a configuration file within the portal, this is used by the
server to control which layers are available to the client. The portal server queries each WxS
in the file for metadata such as geographic bounds, temporal extent and parameter lists for
their layers. This information, which is returned as XML, is parsed and cached for access by
the web clients. In addition to this the server mediates between the client and downstream
WFS for all data access, again parsing the XML returned before passing it on to the clients.
This resolves security issues relating to JavaScript programs making XML queries on third
party servers.
5.2.2.2 Web client
The web client runs on the user’s web browser and queries the portal server and
downstream WMS servers for data. It will be started with a list of allowed layers and will
query the server in order to build a calendar of dates for which information can be displayed.
When a user enables a layer, the client will check in its local metadata cache that there are
data available for that day; the client will then query the portal server to see what images are
available for the day and request the image directly from the downstream WMS. If a user
drills down into data served by a WFS server, the client will query the portal server which will
in turn query the downstream WFS. The data will then be returned to the client for display in
a popup or pre-processed on the portal server to produce a graphical plot of the data, as
illustrated in Figure 5-8.
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Figure 5-7 Architecture of the UK & Irish Waters Portal.

Figure 5-8 Typical sequence of requests in portal.

NERSC Technical report no. 309

InterRisk Final Scientific Report

33

5.3 The French Waters Regional Portal
The French InterRisk portal, Sextant, is WMS-compliant, and offers satellite, in situ and
model products for oil spill monitoring provided by the French partners and collaborating
organisations. One of the products offered by the Sextant portal is oil drift forecasts,
provided by the MOTHY pollutant drift model developed by Meteo France. The system
includes local area hydrodynamic coastal ocean modelling with tidal and real time
atmospheric forcing from global meteorological models. Figure 5-9 shows an example of an
oil drift forecast from the MOTHY model in French waters. Among the other products offered
by the Sextant portal, are quicklooks of satellite SAR (Synthetic Aperture Radar) images with
identified (potential) oil spills (Figure 5-10) and forecasts of ocean currents and temperature.

Figure 5-9 Oil slick drift forecast (MOTHY model from METEO FRANCE) are represented by
coloured sticks according to the different day’s forecasts (three drift forecasts are presented)
in the Sextant portal.
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Figure 5-10 Quicklook of surface roughness (with detected oil spill) in the Sextant portal.

5.4 The German Waters Regional Portal
5.4.1

Objectives

The German Waters Regional Portal [GPORTAL] is the access point for products provided by the
InterRisk partners for the region (see [D5-3] for a list of products). Two different services bundles are
available: Besides all regional data of the full InterRisk time span a service bundle called 'InterRisk
Recent' was established to comprise data of recent occurrences, i.e. standard observations like
chlorophyll concentrations or wind fields typically only from the last two weeks and data from
exceptionally events from all the last years are presented thus giving a fast overview over valuable
data.
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Figure 5-11 German Waters Regional Portal map viewer.

When the user opens a group of observatiions like 'FerryBox measurements' the available
measurements are directly listed and may be visualised by one click (Figure 5-11). An online
help to the portal is available via the help-button '?'. The help within the regional portal is
available in German as required by regional users. Figure 5-12 shows available and selected
layers for novelty events together with a help frame invoked from the main window.
The German and Polish Waters portal also offers access to airborne SLAR (Side-Looking
Airborne SAR) images, provided by Optimare. Figure 5-13 shows some examples of such
data, which are found in the group named “InterRisk SLAR”. Individual images can then be
turned on and off by selecting them in the left hand menu.
The portal also offers access to CTD data for Polish Waters provided by IOPAS. These data
are found under the group named “InterRisk WMS for Polish Waters” (see menu in left part
of Figure 5-13). From this menu, the user can select among the web-enabled CTD cruises,
and display selected layers (depths) on the map, with salinity legends to the right.
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Figure 5-12 Portal with list of novelties, three selected ones in the map and an additional
'help-window'.

Figure 5-13 Displaying airborne SLAR images from the Baltic Sea in the German and Polish
Waters portal.
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Figure 5-14 Example of surface measurements of salinity in the German and Polish Waters
portal.
5.4.2

Architecture

The portal is built of several components; a standard web client and a server running
Mapbender [MB], a software tool for geodata management of OGC OWS architectures. To
enable a long-term usage by a SME-partner, Optimare, mirroring of the system was
implemented.
5.4.2.1 Portal server
The portal server software Mapbender provides web technology for managing spatial data
services implemented in PHP, JavaScript and XML and licensed under the GNU GPL. It
gives access to WxS's, WMS and WFS servers running specifically for this regional node
and those hosted by the partners. Additional scripts keep the repositories up to date with
regular automatically added data. A complex service “Highlighting of potential oil spills” (see
[D5-2] and [D5-3]) is handled internally as a WPS server.
Two specific GUIs were set up one keeping all layers of InterRisk time span, and a second
one to present all more recent layers in more comprised way. For both the layer structures
and actual list contents are automatically kept up to date.
5.4.2.2 Web client
The web client runs on the user’s web browser and queries the portal server. It starts with a
choice of the general layer set or GUI, whether for all or for recent data. A list of platforms or
services allows then the user to open specific list of layers and finally to display selected
combinations of layers. No additional software is needed at the client side to operate the
portal.
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5.4.2.3 Mirror System
To allow a transformation of the services into a long-term usage by an SME-partner,
Optimare, a schedule was developed to transfer the system in several steps. Data gathering
from multiple sources, processing data-sets, preparing for WxS's was gradually copied and
later duplicated with mirror techniques. Only the primary data gathering performed by GKSS
like the Ferrybox-measurements are kept and further processing is done by GKSS, while the
results are usable as web-service for the partners.

5.5 The Italian Waters Regional Portal
The InterRisk portal for Italian Waters is WMS compliant and offers satellite and model
products for oil spill monitoring and forecasting. The portal provides information about
performed analysis and detected (potential) oil slicks through a web-GIS interface.
The portal contains an archive of analysed satellite radar images, which can be searched for
images within an area and time range of interest. The portal will them display a list of all
images satisfying the user given criteria and show the location of them on the map, with
clickable symbols to get further information. By clicking on an image, you get a quicklook
and the results of the analysis (Figure 5-15).
The Italian Waters portal also offers an option for users to be automatically notified when
new analyses have been made. Each user can turn on this option in his User Management
configuration page, and the system will automatically send him an e-mail when a new
analysed image is ingested into the portal’s database.

Figure 5-15 Italian Waters Regional Portal querying of oil slicks detection analysis information +
the geographical location plus the location of potential detected oil slicks is shown on the map
based on selected geographical and temporal criteria. A thumbnail of detected potential oil slick
is shown in the detailed form shown in overlay on the map, including geographical extent and
time information.
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6 User validation
The validation and assessment of InterRisk services, system and service providers were
conducted in two validation phases during the project. The validation panel was composed of
four different Validation and Assessment Groups (VAG):
-

VAG-1: End-users of the InterRisk regional services
VAG-2: Key persons from ongoing EC and ESA GMES projects
VAG-3: InterRisk Advisory Board, end users of the InterRisk SSE services
VAG-4: The InterRisk consortium

Separate questionnaires specifically designed for each of VAG-1, VAG-2 and VAG-3 were
developed and used as the main tool for collecting feedback from these groups.
The InterRisk pilot system and services have been validated by users responsible for crisis
management in case of oil spills, harmful algal blooms and other marine pollution events, in
Norwegian, UK/Irish, French, German, Polish and Italian coastal waters. Feedback from a
total of 20 different end users of the regional services (VAG-1) was collected during the
project. Additionally, feedback was collected from two members of VAG-2 and four members
of VAG-3.
The end users of the regional services (VAG-1) wanted to apply the InterRisk services for a
variety of tasks, including access to near real-time data for risk response, and access to
historical datasets for research and management purposes. It is positive to note that the
majority of the users partially or totally agreed that the provided information was relevant and
sufficient for their needs. This shows that the overall satisfaction of the information content in
the InterRisk service is good.
As the most liked aspects of the InterRisk services, the users listed the ability to display
combination of data from different sources, the access to data from different sources, the
ability to display and access data from other European countries, and the layer techniques
embedded in the service.
The InterRisk services and the different regional portals have continuously been developing
according to the feedback from the users after the first validation survey. During the final
validation survey the users responded that the development in the InterRisk services during
the course of the project has shown clear improvement in terms of user-friendliness,
information content, information structure and eventually usefulness for the user (Table 6-1).
The InterRisk services were specifically designed for people responsible for crisis
management. However, some users reported interest in using the service not only for
emergency response but also for research and monitoring on longer terms. This illustrates a
general need for a common approach for data interoperability and that the concept is of
interest to people that may not be in the original target group of InterRisk.
There seems to be a difference between experts and non-experts in the way they want the
data and information to be presented. Most experts appreciate the access to data from
various platforms and providers but want to analyze combinations of data by their own tools.
The non-experts appreciate higher level products or having the information presented with
an expert’s comments. All users want the user interface to be as simple as possible so that it
is obvious what information is relevant for their application. It was also stressed by several
people that the complexity of the interface and service needs to be balanced to the users’
actual needs.
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The feedback from VAG-2 was also generally positive about the concept, functionalities and
information available through the InterRisk service. However, this group also suggested
additional data/information, different organisation of the data/information, and an improved
user interface as the more important factors for improving the InterRisk service
The InterRisk Advisory Board (VAG-3) was defined as end users of the SSE portal, in
contrast to VAG-1 who were end users of the regional portals. Four of the five persons in the
Advisory Board had the possibility to give concrete feedback on the InterRisk services. Three
of these members evaluated the InterRisk basic and/or complex SSE services. For
improvement of the InterRisk services one Advisory Board member recommended a revision
of interfaces versus GMES standard practises, alignment of system with other GMES
implementations, and involvement of other partners for extensive validation. In general, more
and better explanations of the service and its products were also requested by the
evaluators.
The evaluation of the InterRisk SSE services was unfortunately less extensive than initially
planned at the project start. This was due to late availability of SSE services for
demonstration and that the InterRisk Advisory Board members typically had very strict time
frames for evaluation of the InterRisk services. The InterRisk consortium realizes that the
interaction with the Advisory Board maybe should have been done at an earlier stage, even
though all SSE services were not finalized. In this way it would have been possible to
improve features such as service accessibility and user interface before the project end.
These were among the features criticized during the evaluation by the Advisory Board.
Another way to increase the amount of relevant feedback on the SSE services could be to
have included more of the operational users of the regional services into the Advisory Board
as end users of the SSE services also.
For improvement of the InterRisk services it was suggested by all VAGs that the interface
should be better with more help functions and better tailored to the users’ actual needs.
Some users also expressed the need for integrating the InterRisk products and services into
other existing systems. This would ensure a minimum effort for the users to apply the
InterRisk service.
Results from the technical SSE validation tests conducted by the InterRisk consortium itself
(VAG-4) showed that the majority of the validation steps in the conducted test plan were
successfully completed. A total of 15 test cases were defined, of which 10 were completed
with no steps failing (i.e. 100% ok). There were a total number of 334 steps in the 15 test
cases, and 91% of these steps were completed with no errors.
The overall objective of the InterRisk project has been to develop a pilot system for
interoperable GMES monitoring and forecasting services for environmental management in
marine and coastal areas. The feedback from the VAGs and the results of the technical
validation performed by the InterRisk consortium shows that the project has reached this
goal.
For future operation of a system like the InterRisk services it is important to continue the
close communication with the users and to focus on their specific needs in terms of
functionality and user interface. Depending on the needs of the users it may be investigated
whether the optimal solution would be a system that is application specific, user specific, or a
generic system that is flexible enough to meet the various needs of the users.
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Table 6-1 Summary of feedback through the completed questionnaires from the end users
on questions regarding functionality and general comments on the service. The numbers
indicate how many persons ticked the different boxes in the final validation phase. Equivalent
numbers from the first validation phase are shown in parentheses.
neither

Partially disagree

Totally disagree

Partially agree

Totally agree

3
(1)

6
(2)

4
(2)

1
(3)

-

-

8
(3)

5
(3)

1
(2)

-

-

7
(2)

3
(3)

3
(2)

1
(1)

6.2. Is the service rich in information?

1
(1)

11
(0)

2
(4)

0
(3)

-

6.3. Is the service well-structured?

5
(0)

5
(3)

1
(4)

3
(1)

0
(1)

6.4. Is the service useful?

6
(4)

6
(2)

1
(2)

1
(1)

-

-

8
(3)

3
(1)

3
(4)

-

Final Validation

5. Functionality
5.1. Is it easy to access the service?
5.2. Is it easy to use the features of the service?
6. General comments about the service
6.1. Is the service user-friendly?

6.5 Is the service good enough to accomplish your tasks specified
above (3.1)?

For improvement of the InterRisk services it was suggested by all VAGs that the interface
should be better with more help functions and better tailored to the users’ actual needs.
Some users also expressed the need for integrating the InterRisk products and services into
other existing systems. This would ensure a minimum effort for the users to apply the
InterRisk service.
Results from the technical SSE validation tests conducted by the InterRisk consortium itself
(VAG-4) showed that the majority of the validation steps in the conducted test plan were
successfully completed. A total of 15 test cases were defined, of which 10 were completed
with no steps failing (i.e. 100% ok). There were a total number of 334 steps in the 15 test
cases, and 91% of these steps were completed with no errors.
The overall objective of the InterRisk project has been to develop a pilot system for
interoperable GMES monitoring and forecasting services for environmental management in
marine and coastal areas. The feedback from the VAGs and the results of the technical
validation performed by the InterRisk consortium shows that the project has reached this
goal.
For future operation of a system like the InterRisk services it is important to continue the
close communication with the users and to focus on their specific needs in terms of
functionality and user interface. Depending on the needs of the users it may be investigated
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whether the optimal solution would be a system that is application specific, user specific, or a
generic system that is flexible enough to meet the various needs of the users.
In order to achieve a system that is preferred by the user, it is important that the system is
easily accessible and that it requires a minimum of effort to start using it. The information
available through the InterRisk services has shown to be valuable. Since several users
already have systems that are being used during a crisis event it is recommended to enable
integration of the InterRisk services with other existing systems, both with regards to the
user interface and to provision of more advanced tools for conversion of data formats. This
would enable the users to analyze data with their own tools. Instead of competing with other
existing operational systems it is important to investigate further how the InterRisk system
can be integrated into these systems. This may ensure a successful continuation of the
InterRisk pilot system into a fully operational system.
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7 Impact assessment
7.1 Scope and methodology of the impact assessment study
An important task in the last year of the InterRIsk project has been to assess the impact of
the developed products, services and portals with respect to improving marine pollution
monitoring and forecasting services. This impact assessment study initially aimed to
investigate:
1. General status of the socio-economic activities in the area before the crisis such as
fisheries, aquaculture, tourism.
2. General description of the known impact of the crisis on these activities.
3. Establish, in strong collaboration with the end users of the project, an estimation of
avoided consequences of the crisis directly linked to the set up of projects tools:
improved decisions during the crisis, anticipation of consequences.
During the course of the project, it was decided to focus the report on the third of these
aspects. The estimation of the avoided consequences has been derived from a single case
study, namely an oil spill crisis in the French waters of the Bay of Biscay, and from end users
or response authorities interviews. The avoided consequences of the crisis directly linked to
the set up of InterRisk project tools are not quantifiable in principle, in the form of a global
percentage of the economic consequences of the oil spill without the actual use of the
specific project tools in the response process. Global quantification is the sum of a variety of
specific quantifications based on:
1.
2.
3.
4.

The particularities of the impacted piece of coastline,
The specific toxicity and weathering parameters of the oil concerned
The response priorities and means of the authority in charge
The time of the year in which the pollution takes place

7.2 Avoided consequences estimation
The avoided consequences have thus been considered successively for:
• Response at sea and along the coastline
• Offshore and coastal fisheries
• Aquaculture
• Salt production
• Property damage
• Coastline tourism
• Secondary losses
7.2.1

Response at sea and along the coastline

The performance of the response at sea will undoubtedly be increased by the project
InterRisk project tools. Cedre and Ceppol staffs, that have been part to the Erika and
Prestige incidents response at sea within the framework of the Polmar response plan, were
interviewed on the foreseeable level of improvement. Assessments ranged from a 20 to 30
% increase (an average of 25% being acceptable to all) from a baseline at sea recovery
performance.
Considering an intermediate situation between those of the Erika and Prestige, a reference
baseline at sea recovery performance amounting to some 20% of the amount spilled was
taken into account. In that situation, the set up of the InterRisk project tools would result in
25% x 20 % = 5% more oil recovered in proportion of the amount spilled.
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Concerning the response on the (onshore) coastline the set up of the InterRisk project tools
would not change the intensity of final cleaning but that, through faster and more accurate
information on oil slick landings, it would positively effect the organization of the first weeks
of the response, up to half the maximum above, i.e. reducing the overall coastline response
costs by 5% compared to baseline level.
Totalling the 5% reduction in quantity of landed oil and the 5% cost reduction due to better
information, the total effect of the project tools on coastline response costs can be estimated
at -10% .
As for the waste treatment a 5% reduction in the amount of stranded oil, as seen above, will
automatically generate a 5% reduction in waste treatment costs. Furthermore, the earlier
and more accurate information on expected landings, generated by the set up of the
InterRisk project tools, can be estimated to be the source of a 10% reduction in overall waste
mass per tonne of landed oil, through a lower sand component. Totalling the 5% reduction in
landed oil and the 10% reduction in waste mass per tonne of landed oil, the total reduction in
waste treatment cost related with the set up of the InterRisk project tools can be estimated at
-15%.
7.2.2

Offshore and coastal fisheries

Experience shows that any offshore fishing fleet has always at least some capacity to move
to substitution fishing grounds and that offshore fishing bans are exceptional in oil spills: the
great majority of such bans concerned coastal fisheries. For those reasons, we shall foresee
no consequence of the project tools on offshore fisheries.
The impact of an oil spill on coastal fisheries and shellfish harvesting is highly quantity
dependent, through the facts that less pollution reaching the coastal waters means:
•
•

On the one hand, peripheral sites that would have otherwise been heavily polluted
wholly or partly spared;
On the other hand, physical extension and duration of fishing / harvesting bans
proportionally reduced.

On that basis, one can consider that the set up of the InterRisk project tools, resulting in 5%
less oil in coastal waters, would also reduce by 5% the impact on coastal fisheries and
shellfish harvesting.
7.2.3

Aquaculture

The Erika oil spill impacted area is a major oyster and mussel farming zone. In 1999-2000, it
had a 50 thousand tonnes production, including 39,000 tonnes of oysters, 6,000 tonnes of
mussels, and 4,000 tonnes of other shellfish. So, as the significance of the spillover’s impact
largely depended on the size of the impacted zone, impact on aquaculture on setting up the
InterRisk project tools has no technical reason to be different from that on coastal fisheries.
Hence, in the specific case of the Erika spill, we will assume the prospect of a 5% decrease
from the set up of the InterRisk project tools, resulting in 5% less oil in coastal waters.
7.2.4

Salt production

Salt production is a “go” or “not go” activity: faced with the threat of oil polluted water going
to reach their common intake, producers sharing that intake have no more choice than
closing the intake. Based on the last major spills, one can consider as a reference a
proportion of “go” in the order of magnitude of 50%. The set up of the InterRisk project tools,
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providing faster and more accurate information on the situation and perspective may change
half of the “not go” decisions into “go” ones, i.e. increasing the choice of producing salt by
25%.
7.2.5

Property damage

Property damage is a category considered by the IOPC Fund’s state of claims, which is
common to several activities, including fisheries and aquaculture but also possibly boating
and specific leisure activities involving property goods located near the shoreline. (This
excludes damage to salt production sites, already taken into account.) For this category we
apply the same 5% avoided cost share as for fisheries and aquaculture.
7.2.6

Coastline tourism

The economic impact of an oil spill on coastline tourism (restaurants, hotels, camping, water
sports, etc.) integrates two components:
•
•

Losses due to the impossibility to have access to the outlets, such as the closure of
the access road to a beach hotel during the beach cleaning operations,
Losses due to cancellations of reservations and transfer to other places of intentions
to come, by consumers deterred by the images of and reports on the pollution.

The first component hardly exceeds 10% of the total coastline tourism losses claimed. The
second component is strongly dependent on the presentation of the situation in the mass
media.
Therefore we assume that the set up of the InterRisk project tools, generating earlier and
more accurate information, will reduce by 10% the overall economic impact on coastline
tourism. The combined findings of the two surveys (one based on IOPC Funds claims, an
other one based on an official tourism spending study) permit to estimate the variation in
overall tourism spending in the impacted zone. To do so, we assume that: 1) tourism
spending per overnight stay in 2000 is estimated on the basis of the result of the visitor
survey; 2) the number of overnight stays in 2000 would have been at least as large as in
1999 if the spill did not occur. 3) This second assumption is, in turn, based on what we know
and can assume of the growth in the turnover of France’s coastal tourism business.
The problem of coastal tourism can be extended to non-market coastal leisure. The oil spill
can be assumed as having damaged not only commercial businesses but also non-market
users’ well-being. However, this type of damage, estimated through surveys on users’
willingness to pay for environment restoration/protection, is not claimable under the rules of
the 1992 Funds Convention.
Some quantitative information was provided on the impacts of oil spill based on residents’
loss of well-being. The assessment was limited to leisure shellfish gathering. The authors
arrived at a total amount of damage of 98 million euros for this category of users in 2000,
based on survey carried out in 2001. This represents an avoided cost of around 10 million
euros. This amount is a lower bound, as several other non-market leisure activities could be
assessed by a similar method.
7.2.7

Secondary losses

Secondary losses are those faced by:
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1. Activities supplying the economic activities above, such as the fabrication of nets and
traps for fishermen, the provision of net pens to a fish farmer, etc.
2. Activities making use of the products of the economic activities above for value
added purposes, such as fish filleting, deep freezing, smoking or canning
3. Activities generated by coastal tourism spendings such as shopping, night-clubbing
and gambling.

7.3 Consequences summing up and related costs
The different hypotheses detailed above end up in the form of the following adjustment table
to account for the set up of the InterRisk project tools in comparison with a situation without
those tools:
Response costs
Response at sea
Coastline response
Waste treatment

no change
- 10%
- 15%

Marine resources exploitation damage
Offshore fisheries
Coastal fisheries
Aquaculture
Salt production
Property damage

no change
- 5%
- 5%
- 25%
- 5%

Pure economic loss
Coastline tourism
Secondary losses

- 10%
- 5%

Activities

Damage cost Estimates
estimates
of Avoided
(million euros) cost rates

Avoided cost
estimates
(million euros)

Coastline
response

32

10%

3

Waste
treatment

80

15%

8

0%

0

Offshore
fisheries

Remarks

Coastal
fisheries

26

5%

1.3

Social security compensation to
fisheries and aquaculture make the
bulk of this category

Aquaculture

17.5

5%

1

Excludes social security compensation

Salt
production

14

25%

3.5

Property
damage

2.6

5%

0.130

Excludes salt production sites

Coastal
tourism

280

10%

28

Lower bound as excluding a number of
non-market types of leisure

Secondary
losses

1

5%

0.050

Excluded fishing gear making
businesses. Secondary tourism
businesses are included in “coastal
tourism”.

Total

453.1

48.98
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In terms of avoided costs, InterRisk impacts can therefore be estimated at about 50 million
euros among which almost 60% concerns pure economic loss from tourism.

7.4 Main conclusions
In making quantitative estimations of those impacts, one is confronted with the problem of
data sources. The amount of claims filed to the IOPC Funds provides a useful assessment
base. However, in the framework of the 1992 Civil Liability Convention in force,
environmental damage compensation is limited to “costs actually incurred or to be incurred
for reasonable measures to reinstate the contaminated environment” (IOPC Funds, May
2009). Based on the IOPC convention, the amounts of claims can cover a limited area of
costs, and thus supplementary data sources are used in this note, e.g. specific studies using
economic data collected before and after the incident.
The global estimate seems to represent a lower bound as the picture is very incomplete. The
dominating part of tourism losses seems to be a French specificity: in oil spill incidents prior
to Erika, tourism losses did not dominate the scene. So our estimation is especially sensitive
to assumptions on coastal tourism damage and avoided costs. For those reasons, any
attempt to apply the methodology used in the present work to an incident in a different area,
should be made with utmost caution.
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8 Conclusions and recommendations
The InterRisk project has conducted an extensive user requirements study for monitoring
and forecasting of marine pollution such as oil spills, harmful algal blooms, eutrophication
and environmental degradation. This study focused on the needs in some of Europe’s
coastal and ocean areas highly exposed to these kinds of pollution events: Norwegian, UK
and Irish, French, German, Polish and Italian coastal waters. Based on the identified user
needs, a generic system concept and architecture was defined. The development was done
in line with recommendations from GMES and INSPIRE, and was based on noted web
services and GIS standards.
InterRisk has developed several ontologies, metadata profiles and GML application schemas
to support interoperability between the service providers’ system and the regional and panEuropean SSE portals. This development includes several ontologies, both data (domain)
and keywords ontologies, all encoded in the standard OWL language and publicly available.
In the last year of the project, a Theme Ontology compliant with ESA’s OTEG ontology was
developed to support service and product discovery across multiple information systems for
GMES applications. The InterRisk metadata profile is developed as a profile of ISO 19139,
and in line with INSPIRE recommendations for metadata implementation. Three application
schemas for platform independent exchange of different types of vector data were also
defined. Some of the portals, notably the InterRisk SSE and the UK and Irish Waters portal
utilised the GML format for products such as time series of in situ observations.
The SSE platform was extended with new and enhanced clients during the InterRisk project.
First, catalogue clients supporting many new standard protocols such as OGC 04-038, OGC
07-038, OGC 07-045 and OGC 07-045 were developed. These clients will be important in
future development of the SSE as they facilitated access of many new catalogues with
different interfaces from the SSE portal. Secondly, an ontology server was set up and
populated with the new InterRisk Theme Ontology and an ontology client that provides a
more powerful search facility by utilizing the terms and relationships defined in the theme
ontology. Finally, web-GIS clients capable of displaying data from WCS, WFS, WCS and
OPeNDAP data servers were enhanced and extended. The most notable extensions are the
support for the time and depth dimensions, supporting for instance time series of satellite
images and 3D data like ocean model forecasts. With the new version of the web-GIS client,
the user can easily select a time / depth of interest, and for time series of images play these
as an animation.
The InterRisk project has also developed five regional web portals, where products from the
partners have been integrated and demonstrated to users in the respective regions. These
portals have been developed using open source tools, including OpenLayers and
Mapbender, which also support the OGC and OPeNDAP standard for data request and
delivery. The regional portals are customised to the targeted users in the region, but all
support common GIS operations like selecting layers of interest, zooming in and out,
panning, etc. Some portals also offer facilities such as plotting of time/depth series, user
profiles, searching archives for earlier products, searching metadata, e-mail notification
when new products are available, and more.
The InterRisk pilot system and services have been validated by users responsible for crisis
management in case of oil spills, harmful algal blooms and other marine pollution events the
targeted demonstration areas The project conducted a first user assessment phase in 2008,
and based on the user feedback the InterRisk system and services was continuously
enhanced and extended. During the final validation in 2009, the users responded that the
development in the InterRisk services during the course of the project has shown clear
improvement in terms of user-friendliness, information content, information structure and
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eventually usefulness for the user (Table 6-1). The feedback from personnel of other EC and
GMES projects and from the InterRisk Advisory Board was also generally positive about the
concept, functionalities and information available through the InterRisk pilot system. For
future operation of a system like this, it is important to continue the close communication with
the users and to focus on their specific needs in terms of functionality and user interface.
Since several users already have systems that are being used during a crisis event, it is
recommended to enable integration of the InterRisk services with other existing systems.
This is eased by the strict adherence to standard formats for data and metadata as well as
to subsystem communication protocols by the InterRisk system and services. If an existing
system uses legacy formats or protocols, small conversion or wrapper utilities may be
needed.
The InterRisk system of system approach supports development of sustainable GMES
services. New providers can be added to the network of Data Distribution Services by setting
up data server offering data and metadata through one of the supported OGC or OPeNDAP
protocols, and registering this server in the regional and/or pan-European portal. The portal
can handle any new data servers in the same manner as the already established ones since
they all follow the same protocols. Thus, the portal provider need not change his software
when including a new data provider. The new providers can choose from a range of open
source or commercial tools to set up a data server, which will reduce the effort needed to
web enable theirs products. Also, the provider may need to implement some simple format
transformation service if their products are not already prepared in a standard format. Other
than that, the providers can retain their existing processing chains.
On the whole, the InterRisk service providers have built up considerable knowledge on
development of standardised services and portals for pollution monitoring and forecasting. A
substantial suite of products have been made available, with standardised metadata, and
new delivery and processing services have been implemented and integrated in the panEuropean SSE and regional portals. These products and software tools can form the basis
for future development of sustainable GMES services that can be used in an operational
context both from a national to pan-European level.
Results from InterRisk are already being used in other projects. Some such usage is outlined
below. Developments of SSE components are deployed on the ESA SSE portal, and is is
expected that the ontology developments as well as catalogue clients can be reused in
future ESA projects. Software for the Norwegian Waters regional portal will be utilised in EC
FP7 project ArgoMarine, while the UK & Irish Waters regional portal is used in the Oceans
2025 project. Other regional portals and services developed within InterRisk are also being
used in among others, COSYNA, FP6 ECOOP, FP7 MyOcean, as well as in national
projects. Results from InterRisk will also be used in FP7 project NETMAR.
Future development will continue to be based on web GIS and web services standards,
incorporating new interfaces such as SOS (Sensor Observation Service), improved service
chaining facilities and ontologies to further enhance the functionality of the InterRisk system.
New products from upcoming satellites, new in situ instruments and forecasting models will
be incorporated as part of continued effort in projects identified above as well as in future
projects to widen the suite of products for the targeted user communities. In line with users’
comments during the InterRisk project, emphasis will also be placed on improving the user
interface of the portals, including the online documentation. Integrating InterRisk products
and services into other existing environmental information systems, is also a foreseen
activity, pending future funding. In all of these activities, close contact with the targeted user
communities are crucial to successful development of better GMES services.
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Appendix B. Contact persons for the InterRisk portals
InterRisk SSE Portal
Contact: Yves Coene, Yves.Coene@spacebel.be
Address: Spacebel s.a., I. Vandammestraat, 5-7, B-1560 Hoeilaart, Belgium
Phone: 0032-2-6582011
Fax: 0032-2-6582090
Norwegian Waters Regional Portal
Contact: Torill Hamre, Torill.Hamre@nersc.no
Address: Nansen Environmental and Remote Sensing Center, Thormøhlensgate 47, N-5006
Bergen, Norway
Phone: +47 55 20 58 00
Fax: +47 55 20 58 01
UK and Irish Waters Regional Portal
Contact:Peter Walker, petwa@pml.ac.uk
Address: Plymouth Marine Laboratory, Prospect Place, PL1 3DH Plymouth, United Kingdom
Phone: +44 1752 633150
Fax: +44 1752 633101
French Waters Regional Portal
Contact: Mickael Treguer, Mickael.Treguer@ifremer.fr
Address: INSTITUT FRANCAIS DE RECHERCHE POUR L' EXPLOITATION DE LA MER,
PO Box 70, Technopole Brest-Iroise, 29280 PLOUZANE, France
Phone: 33(0)298224216
Fax: 33(0)298224644
German and Polish Waters Regional Portal
Contact: Gisbert Breitbach, gisbert.breitbach@gkss.de
Address: GKSS - FORSCHUNGSZENTRUM GEESTHACHT GMBH, Institute for Coastal
Research, MAX-PLANCK-STRASSE 1, 21502 GEESTHACHT, Germany
Phone: +49 4152872022
Fax: +494152871596
Italian Waters Regional Portal
Contact: Francesco Tataranni, tataranni@consorzio-innova.it
Address: INNOVA Consorzio per l'Informatica e la Telematica, Earth Observation Division,
Recinto II Fiorentini N. 10, 75100 MATERA, Italy
Phone: +39.0835.309180
Fax: +39.0835.264705
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