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To date, INSPIRE has been driven by the Spatial Data Infrastructure community, relying heavily on OGC Web Feature Service (WFS) services for data provision. This approach may not be adequate for real-time environmental monitoring and other time-dependent data foreseen in INSPIRE Annex II and Annex III. 

In the last years, JRC has contracted various prototyping projects as a preparatory step for the definition of data specifications for the INSPIRE Annex themes as well as the creation of the best practices for environmental reporting in the INSPIRE context. Among these, four parallel projects are currently testing possible technical solutions for open standards-based INSPIRE compliant air quality reporting in accordance with the CAFE directive (Clean Air For Europe) in Austria, Poland, Slovakia and the United Kingdom.

According to the CAFE directive, all EU states must provide an annual report on:

· metadata on air quality monitoring station (location, description, instrumentation, ...)

· metadata on air quality monitoring zones (location, description, ...)

· validated air quality monitoring data 

· threshold exceedances for zones and stations

In addition, the CAFE directive requires direct access to the near real time air quality data for general public. This data is to be made available in an INSPIRE compliant form for reporting towards the European Environment Agency (EEA)

Based on an analysis of the requirements of the CAFE directive, the Austrian development team came to the conclusion that these requirements would be far better served by a Sensor Web Enabled (SWE) approach than the more traditional WFS services defined to date for INSPIRE. Based on Sensor Web Enablement it is possible to use a common OGC standard specially designed for observations which provide a higher degree of structural and semantic interoperability than the usual application schema based on WFS technology. As we had been working on prototyping access to Austrian Air Quality data within the SANY IP, we decided to implement the INSPIRE CAFE utilizing results of the SANY project.

Sensors Anywhere (SANY) was an ambitious FP6 IST Integrated Project dealing with sensor networks for environmental and risk management applications. SANY aims to contribute to joint efforts of the European Commission (EC) and the European Space Agency (ESA) on 'Global Monitoring for Environment and Security' (GMES) by improving the interoperability of in situ sensors and sensor networks. The Sensor Service Architecture (SensorSA) developed in SANY shall allow quick and cost-efficient reuse of data and services from currently incompatible sources in future environmental risk management applications across organizational, administrative or regional borders. In addition, SANY has implemented diverse transformation and fusion services, which provide access to this new data using the SWE protocols and data standards.
The Austrian Air Quality Network is structured in a decentralized manner; each regional administration of the 9 federal provinces operates a regional air quality monitoring network. In addition, a background monitoring network is operated by Umweltbundesamt. For reporting on the national level, both towards the Austrian government (to inform the public in Austria) as well as to the EU, the data provided by these 10 air quality monitoring networks is aggregated within a central database operated by Umweltbundesamt. In order to reflect this decentralized structure within the prototype, 2 regional data nodes serving data from their respective provinces have been integrated into the prototype, with the central database operated by Umweltbundesamt providing the data from the other 7 provinces and the background monitoring network.
For the development of an INSPIRE conformant prototype for Air Quality reporting in accordance with the CAFE Directive, it is first necessary to analyse the requirements of the CAFE Directive and the Implementing Provisions for Reporting, which are being developed by DEG (Data Exchange Group). This analysis allowed us to determine which of the data concepts required by the directive were directly available within the air quality databases, and which concepts would require further transformation steps. They also served as the basis for the definition of a mapping between the data concepts required by the directive and the standards defined within SWE.

The mapping of the requirements of the CAFE directive to the SWE data model proved to be quite a challenge. The three data specifications utilized within SWE, Geography Markup Language (GML), Observations & Measurements (O&M) and Sensor Markup Language (SensorML), allow for many different forms of encoding the CAFE requirements. A further constraint was defining the model in such a manner as not to diverge too far from the more traditional INSPIRE specifications based purely on GML. At the same time, we tried to retain a degree of semantic consistency within the data model. Initially, one is tempted to model the air quality monitoring station as the Feature of Interest for the observation; however, upon closer examination, one realizes that this should actually be the air surrounding the station, while the station configuration is more aptly described as the procedure used within the observation. Thus, the final data model chosen for the prototype defines a very simple base feature around the station linked with the System datatype that defines the measurement procedure and contains all relevant information on the station and it’s instrumentation. For further semantic explicitness, we have defined a simple ontology containing all components to be reported. Within the data model, the components measured are referenced to this ontology.

Once the 3 data nodes had been SWE enabled in accordance with the data model, we then proceeded to define the necessary transformations for configuration of the transformation node. The required transformations fall into the following categories:

· Statistics: basic statistics on the yearly time series, include mean, median, percentile and maximum as well as the calculation of AOT40 for Ozone

· Station Exceedances: for all stations exceeding an explicit threshold a certain number of times within a calendar year, all exceedances must be reported

· Zone Exceedances: for all Air Quality Monitoring Zones it must be reported if at least one contained station reported an exceedance within a calendar year.

For the implementation of the transformation node, we relied strongly on innovative software that was developed by Austrian Institute of Technology (AIT) within the scope of SANY IP:

· Cascading SOS (SOS-X): A Cascading SOS is a middleware service that acts both as an SOS client and SOS service. Cascading SOS takes the data from underlying SOS services, processes it on the fly and offers the final result to the user over SOS interface.
· Formula 3 (F3): a concise, text-oriented, high-level language for manipulation and transformation of time series data, enabling users to efficiently implement processing logic. The F3 scripting language is embeddable into the SOS-X node and is also executed there.
These components allowed us to define a very modular system, with individual processing results both being made directly accessible externally as an SOS service for reporting purposes as well as internally providing the input SOS for the next transformation level. This is illustrated in the following figure, with the lowest level of SOS interfaces providing access to the base level of monitoring data, the middle level of SOS interfaces providing the first transformation level of station level exceedances and statistics and the top level SOS providing data on the Zone level.
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Figure 1 - Cascading SOS with Transformations
As a final step in the implementation of the prototype, we focused on metadata provision. As SANY “Sensor Service Architecture” already harvested the meta-information provided by Sensor Observation Service (SOS), we decided to analyse the feasibility of mapping the meta-information provided by SOS “GetCapabilities” and “DescribeSensor” operations to INSPIRE metadata resources. The gathered metadata can be used to create ISO 19115 (for datasets) or ISO 19119 (for services) documents, following the INSPIRE Technical Guidelines. 

An additional goal for the project is the integration of semantics to improve the usability of catalogues for the users. The same ontology will then be used by a semantic catalogue which supports users in the creation of appropriate queries The SANY semantic catalogue, which was developed by Fraunhofer IITB, realizes two principles. The first principle is called “semantic bounding box” and enhances a user defined query automatically by extending it with related keywords found in the ontology. The second principle is called “interactive query refinement” and supports the users interactively by refining their queries through the proposal of related keywords likely to be used in the metadata documents of the catalogue. In addition, it is possible to structure the results of the catalogue query in the same way as the ontology, giving the user easy access to this result set.
Based on our experiences in the development of a Sensor Web Enabled prototype for CAFE Reporting under the INSPIRE Directive, we have come to the conclusion that SOS far better suited for provision of geo-referenced time series than WFS. All reporting concepts could be clearly mapped to parts of the existing SWE data models. In addition, the tools developed within SANY provide valuable extensions to the base SWE architecture. We strongly recommend the further exploration of SWE technology for the more data rich INSPIRE themes.
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