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Introduction

This paper presents a proposal for the envisaged European Air Quality Data Model. The model offered takes into account both CAFE (2008/50/EC) and INSPIRE (2007/2/EC) requirements and its definition is based on suitability and benefits for all the use cases identified. 

European Commission’s Joint Research Centre has undertaken the task to investigate how four different Member States with different Air Quality administrative, data collection and management systems and services would respond to the prototyping of the reporting and data exchange requirements of the CAFE directive whilst assuring compliance with INSPIRE acquis and guidelines. This paper presents the work developed under contract N. 384390 associated with Consortium CAFE/INSPIRE LOT 1 organised to deliver the “Development and Demonstration of Technical IT Solutions Linking INSPIRE Services to the Reporting and Data Exchange Requirements of the Proposed CAFE Directive” project.

Whilst the definition of CAFE/INSPIRE metadata for discovery purposes was commonly discussed and agreed across the four Member States (Austria, Poland, Slovakia and the UK), the CAFE data model in each case was defined by each entity responsible for reporting and data exchange procedures. 
It was observed that overall, the type of data collection and management system (centralised versus decentralised) at Member State level would not be a constrain to convergence of approaches and it was concluded an European Air Quality Data Model can be successfully implemented with the structure, metadata and data specifications proposed in the current paper.

Scope, Use Cases and Requirements
The Data Exchange Group (DEG) has been discussing over the last few years important aspects of the Implementing Provisions (IPs) of the CAFE Directive. Based on outcomes of these discussions the Group has developed proposals for specific information flows and data formats to be included in the IPs and these are presented in the most recent version (revision of 13-1-2009) of DEG’s report “Implementing Provisions for Reporting under the Directive on Ambient Air quality and cleaner air for Europe”.

It is expected that the Committee established under Article 29 of CAFE will endorse such provisions and give consideration to the outcomes of the current prototype to further facilitate the IP agreement (final approval and acceptance via COMITOLOGY) and subsequent implementation of the Directive. 

In order to support and contribute to a smooth implementation of the new IPs, the Commission has enabled pilot projects in participating Member States to prototype possible IT solutions in line with the proposed provisions within the DEG document. The current paper is the result of the work undertaken by the Consortium formed to deliver LOT 1, representing the LMO responsible for CAFE provisions for Slovakia, offering a CAFE/European Air Quality Data Model for Centralised systems with less than 50 monitoring stations.

Data specifications leading to an European wide Air Quality Information System need to account for a variety of use cases.  Use cases and application scenarios for CAFE and INSPIRE purposes were identified, described and analyzed in sufficient detail to clarify the various CAFE reporting, data exchange and information requirements. The use cases and associated requirements identified are as follow:
USE CASE Category 1 – Assessing compliance/Reporting purposes
 (Figure 1). User Requirements:

i. List of Zones and Agglomerations that changed in relation to previous year;
ii. Article 27 of CAFE;

iii. Questionnaire contents as per Decision 2004/461/EC;
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Figure 1 – UML use case diagram for CAFE Reporting.
USE CASE Category 2 – Data sharing – exchange of air quality between Member States and wider CAFE data dissemination (Figure 2). User Requirements:

i. Data Exchange Model (DEM) input data as per Exchange of Information (EoI) Decision (97/101/EC) and DEG IP specifications;
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Figure 2 - UML use case diagram for Exchange of Information.

Specific user requirements regarding data were extracted from the use cases classes and application scenarios identified above. The key result was a candidate list of spatial object types and descriptions which formed the European Air Quality Data Model specifications.

The main classes of CAFE datasets (data-flows) that formed the basis for the specification of the European Air Quality Data Model are as follow.
:

i. Legally Mandated Organizations (LMOs)/Responsible entities;

ii. Monitoring facility datasets (include network, station and measurement configuration information);

iii. Monitoring data or observation datasets (measurements including provisional or ratified data);

iv. Assessment datasets (refers to compliance/exceedence information);

v. CAFE zones (agglomerations and non-agglomeration zones);

These classes are summarised in Figure 3. 
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Figure 3 - Main CAFE data classes [(a) and (b) – not included in this paper].

Approach
The framework followed by the Consortium to define the European Air Quality Data Model specifications aimed at keeping the data specifications of the CAFE theme coherent with other environmental themes having followed whenever possible the Environmental Monitoring Facilities Data specifications proposed under JRC’s contract N. [5].
The framework development was based in three main technical documents: 1) the Generic Conceptual Model defining the elements necessary for interoperability and data harmonisation; 2) the Methodology for the Development of Data defining a repeatable methodology enabling to arrive from user requirements to a data specification through a number of steps including use-case development, initial specification development and analysis of analogies and gaps for further specification refinement; and 3) the “Guidelines for the Encoding of Spatial Data” defining how geographic information can be encoded to enable transfer processes between the systems of Air Quality data providers in the Member States. The default encoding rule used was GML and the data specifications follow the structure of “ISO 19131 Geographic information - Data product specifications” standard. Based on the reference materials and the user requirements, the Consortium has considered the use cases for the INSPIRE CAFE theme, including exchange of information requirements, and associated data specification. For clarity, two different sub-themes were addressed: a) reporting according to Article 27 of the CAFE directive (2008/50/EC) and b) exchange of information requirements (97/101/EC). 
What Does Not Work

Currently the European Commission and the European Environment Agency collate information via the questionnaire and DEM which require specific data formats and specifications. However, the submission and subsequent usage of these information, is extremely time consuming, prone to error, and format, content and metadata not suitable for performing comparisons between member states assessment results. In addition, air quality spatial information is not interoperable and INSPIRE non-compliant.

The main challenges the Consortium faced were associated with the lack of organisation, accessibility, and sharing of Air Quality spatial information. Data were stored in a variety of locations and no interoperable formats, and not ready for discovery and indeed for sharing with external users. 

The current prototype clearly illustrated potential problems other LMOs elsewhere in Europe are likely to experience when implementing CAFE IPs in compliance with INSPIRE.
What Works

Interoperability and associated consistency of information are the most important aspects to consider in an Air Quality (CAFE) European Data Model. Interoperability in INSPIRE terminology is understood as providing access to spatial datasets as specified in Article 4 of the Directive through network services in a representation that allows for combining them with other such spatial datasets in a coherent way.

This includes agreements about the different interoperability components, i.e., by enabling interoperability data can be used coherently, independent of whether the existing data set is actually changed (harmonised) or “just” transformed by a download service for publication in INSPIRE depending on the approach taken by the Member State. 

In order to respond to the challenges of the current exercise, and to further develop its current functionality, SHMU has undergone a massive restructuring of their National Air Quality Database. Whereas this may prove to be a time consuming and onerous exercise, it was observed, however, that that activity coupled with suitable and effective transformation tools has shown to deliver immensurable benefits to the reporting entity specifically and to the wider ser community as a whole. Once suitable Air Quality data management procedures are put in place assuring completeness of the datasets identified as required for the fulfilling of CAFE obligations with suitable metadata, network services assure resources are suitably found and evaluated, transformation tools secure interoperability, and download services allow sharing of data, both reporting and exchange of information procedures by LMOs can be undertaken more efficiently and with a lesser degree of error.
Recommendations
We recommend the definition and usage of the European Air Quality data model technical specifications as listed in the current paper to fulfill the use cases and user requirements associated with the reporting and data exchange legal obligations of the CAFE Directive. These are considered the minimum required elements to be defined in the CAFE/European Air Quality Data model and suitable for supporting the final draft of Directive 2008/50/EC Implementing Provisions.
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