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TABLE DRIVEN DATA REPRESENTATION FOR OPERATIONAL AERONAUTICAL METEOROLOGICAL INFORMATION 

summary

	This information document provides a status report on ongoing activities with respect to the transition towards the development and implementation of a table driven data representation for operational aeronautical meteorological information. It includes additional background information on some of the air transport information management design principles in line with the ICAO Global Air Traffic Management Operational Concept. Furthermore, the information paper describes a foreseen distribution of roles and responsibilities in the development and maintenance of required table-driven data representation components between WMO, ICAO, other standard organisations and the continuation of support to the subject matters by EUROCONTROL and FAA.
REFERENCE:
Draft Resolution 11.6/1 of the Sixteenth World Meteorological Congress



TABLE DRIVEN DATA REPRESENTATION FOR OPERATIONAL AERONAUTICAL METEORoLOGICAL INFORMATION
Introduction
1.
The European Organisation for the Safety of Air Navigation (EUROCONTROL) and the United States (US) Federal Aviation Administration (FAA) are conjointly working on the concept of common (collaborative) information sharing in Air Traffic Management (ATM). This conjoint activity was born from a clear recognition that future ATM will be managed on a net(work)-centric basis, with each airport and each aircraft being considered as a node interlinked with all others within the system. 
2.
The transition towards table-driven data representation for aeronautical meteorological (MET) information is an extremely important component identified towards the implementation of net-centric oriented ATM. The availability of shared, timely, high quality MET information will provide the foundation for the effective management of the (future) air traffic system as envisaged by the ICAO Global Air Traffic Management Operational Concept (Doc.9854) and clearly recognised in the regional ATM developments such a the European Single European Sky ATM Research Programme (SESAR), the US Next Generation Air Transportation System (NextGen) and the Japanese Collaborative Actions for Renovation of Air Traffic Systems (CARATS).

3.
Over the last years, EUROCONTROL and FAA together with their partners in SESAR and NextGen supported WMO and ICAO with their activities on the transition towards table-driven data representation for MET information. This paper provides a status report on ongoing activities with respect to this transition and provides additional background information on some of the ATM information management design principles applied in SESAR and NextGen fully in line with the ICAO ‘Global Concept’. Furthermore, the information paper describes a foreseen distribution of roles and responsibilities in the development and maintenance of required table-driven data representation components, all in the context of the continuous support of EUROCONTROL and FAA to WMO and ICAO on the subject matter.

Table-driven data representation and Information Management for ATM

4.
ICAO Doc.9854 describes the manner in which the ATM system will deliver services and benefits to airspace users by 2025. The guiding principle is that the ATM system is based on the provision of services. The service-based framework described in the Concept considers all resources such as inter alia, airspace, aerodromes, aircraft and humans, to be part of the ATM system. The primary functions of the ATM system will enable flight from an aerodrome into airspace and its subsequent landing, safely separated from hazards, within capacity limits and making optimum use of all system resources. It is clearly evident that the future ATM system will be a network-based operation formed by four main components. These will dramatically increase the efficiency of it:

· A robustly networked ATM System will improve information sharing; 

· Information sharing will enhance the quality of information and provide shared situational awareness; 

· Shared situational awareness will enable collaboration and self-synchronisation; and

· Deliver enhanced sustainability and speed of decision making.
5.
The transition towards table-driven data representation for MET information is an extremely important component towards the implementation of the described net-centric oriented ATM. However, due consideration should be given to the fact that data representation is only one aspect of the required move towards net-centricity. The use of MET information in a net-centric ATM environment and satisfying the foreseen performance requirements for MET information and associated services will also have an impact on the information that needs to be made available and exchanged between information providers and users.
6.
An important consideration in this respect is to ensure global interoperability not only from a MET information perspective but also clearly focused on the interlinks with other identified relevant data domains. ATM systems, such as controller decision support tools, will not only use MET information but will fuse this information with other relevant information such as Aeronautical Information (AIS/AIM) and Flight Information, to support knowledge based decision making. MET information should therefore be structured in accordance with generic ATM information management principles applicable to all data domains.
7.
ICAO and Industry, including EUROCONTROL and FAA, are developing a baseline for generic ATM information management principles and functions. A first level of multi-data domain interoperability is envisaged to be already assured by applying philosophies adopted in other domains such as AIS/AIM; which are clearly performance based and by adopting technical specifications from organisations with a wide-industry base such as the International Organization for Standardization (ISO) and the Open Geospatial Consortium (OGC).
8.
These shared philosophies and technical specifications will form the net-centric ATM environment and constitute the core building blocks of System Wide Information Management (SWIM) for ATM. SWIM itself will enable the required agility of the net-centric ATM system by the ability to quickly develop applications and other support tools to meet evolving ATM business needs without having to revisit proprietary data provision standards.
9.
Import to recognise in the context of adopting technical specifications from organisations such as ISO and OGC is the fact that this is not unique for ATM. A growing number of National Meteorological Services (NMHs) are implementing these types of standards and specifications throughout their services portfolio. Mostly because a clear benefit is observed in applying wide-industry based technologies and the procurement of associated systems or national or pan-regional Regulation exists to provide services applying these types of standards or specifications (e.g. European Union - Infrastructure for Spatial Information in the European Community  [INSPIRE] ).

Considerations on data modelling, exchange formats and metadata
10.
International consensus exists on an overall migration of the numerous code forms and code descriptions for Operational Meteorological Information (OPMET) towards the notion of having one Weather Information Exchange Model (WXXM). This WXXM provides the semantics and abstract structure of all the information that needs to be made available by MET service providers as prescribed by ICAO Annex 3 and WMO TR No.49. It includes the intrinsic data requirements and structural business process rules. It is a so-called technology independent description
 not concerned with code form specifications such as GRIB, BUFR, and Traditional Alphanumeric Code (TAC) for METAR, TAF, etc. 

11.
From a system’s architectural perspective, this WXXM suffices as the guiding logical data model
 for all physical implementation of systems that exchange MET information in the ATM domain. However, for the purpose of the international exchange of OPMET it is considered to be beneficial to provide an additional level of structure and as a consequence to describe a model for the physical implementation of OPMET exchange. GRIB, BUFR and TAC are in this context considered to be physical implementations of a format to physically exchange information.
12.
The notion for a logical data model is currently missing from the existing ICAO and WMO provisions and needs to be developed. This development of an abstract structure of all the MET information in an ATM context and as such providing the overarching framework and interrelations between the information conveyed by the prescribed data formats and how it correlates with the overall ATM business
, should be developed and implemented in an evolutionary manner. An evolutionary approach since not all the emerging requirements for MET are currently known and more important, to clearly focus on a smooth transition of existing requirements of ICAO Annex 3 and WMO TR No.49 and associated implementation considerations first.
13.
Based on earlier discussions and decisions in several WMO groups such as the CBS Expert Team (ET) on Data Representation and Codes (ET-DRC), the Coordination Team (CT) on Migration to Table-Driven Codes (CT-MTDC) and the ET on OPMET Data Representation (ET-ODR) and discussions and conclusions at the 16th WMO Congress, also a general agreement exists on the future exchange format to replace the WMO METAR, SPECI, TAF and SIGMET code formats.
14.
The current possibility provided by ICAO Annex 3 and WMO TR No.49, to use the BUFR code form on a bilateral basis to replace METAR, SPECI, TAF and SIGMET, is planned to be replaced by provisions for a format that is widely accepted and based on generic standards provided by ISO and OGC. A code form based on XML
 was identified as the best suitable for the identified type of information exchange. Moreover, this general consensus extends to the need to migrate towards a specific XML grammar to express geographical features --which MET information in essence is--. This specific XML grammar selected to describe MET information in function of time, place, coverage, etc. is GML
.
15.
In the evolution towards a data-oriented environment, two key aspects need to be considered. Firstly, the existing other code forms then METAR, SPECI, TAF and SIGMET should also be considered and be included in future deliberations on the evolving scope of the WXXM. This does not necessarily mean that every existing code format should be replaced by an XML based code format. Especially gridded data can be exchanged in other far more efficient manners. However, XML could still be used as the so-called ‘wrapper’ of the information when found necessary. Essential to it all is the fact that the information constructs, also for the gridded data, are captured at the technology and format independent layer of the WXXM.
16.
The second aspect to consider are the future MET information requirements in a net-centric oriented ATM. The transition towards table-driven data representation for MET information should not stop after the transposition of METAR, SPECI, TAF, SIGMET and other identified code formats has been completed. ICAO established an activity of gathering new MET information requirements. Vital to this activity is to ensure the alignment of what information and associated products and services will be required and what should be facilitated by the WXXM and linked potential (new) exchange formats.

17.
Fortunately, the foreseen structure of the single WXXM and associated exchange schema(s) is extremely flexible. This will enable the agility of the ATM system discussed earlier in this paper. It will confer the ability to quickly satisfy information needs and to develop the appropriate applications and other support tools to meet evolving ATM business needs. This without having to revisit proprietary data provision standards as is currently seen as a limiting factor both by information providers and users.

18.
Currently, also not explicitly required by existing ICAO Annex 3 and WMO TR No.49 provisions is metadata associated with the MET information exchange. In the evolution towards a data-oriented environment, metadata is considered to be an essential component to be included in the operational data that needs to be relayed. Similar to the earlier discussion on data models and exchange formats, the adaptation of technical specifications for metadata from organisations such as ISO and OGC, to assure the multi data domain –interoperable- solution set, is the preferred line of development.
Consolidated view on information exchange evolution

	ICAO Annex 3 & WMO TR No.49
	WXXM

(Logical Data Model)
	Physical Data Model(s)
	Metadata profile(s)

	18th edition

November 2013
States in a position to exchange METAR, SPECI, TAF, SIGMET in a digital form under bilateral agreement should structure this information in accordance with WXXM and use XML/GML as the exchange format.
	First iteration of the WXXM which will specify the semantics and abstract structure (features, attributes and associations) for aeronautical MET information. There should be a clear focus on METAR, SPECI, TAF and SIGMET exchange in a digital form.
	First iteration specification for METAR, SPECI TAF and SIGMET exchange in digital form which shall:

· use XML;

· comply with the GML specification for the encoding of geographical information;

· be expressed in the form of an XML Schema;

· be structured in accordance with defined features, attributes and associations (WXXM).

	First iteration metadata profile for METAR, SPECI, TAF and SIGMET exchange in compliance with ISO 19115 and ISO 19139.



	19th edition

November 2016
METAR, SPECI, TAF and SIGMET are exchanged in a digital form, the information should be structured in accordance with WXXM and use XML/GML as the exchange format.

States in a position to do so, under bilateral agreement, should structure all meteorological information in accordance with WXXM.
	Major Release of the WXXM which will specify the semantics and abstract structure (features, attributes and associations) for aeronautical MET information.
	Major Release specification for METAR, SPECI, TAF and SIGMET exchange in digital form which shall:

· use XML;

· comply with the GML specification for the encoding of geographical information;

· be expressed in the form of an XML Schema;

· be structured in accordance with defined features, attributes and associations (WXXM). 

First iteration specification for MET information exchange (exclusive of the METAR, SPECI, TAF and SIGMET Schema) in digital form which shall:

· use XML;

· comply with the GML specification for the encoding of geographical information;

· be expressed in the form of an XML Schema;

· be structured in accordance with defined features, attributes and associations (WXXM);

· allow for the exchange of gridded information and associated exchange formats
	Major Release metadata profile for METAR, SPECI, TAF and SIGMET exchange in compliance with ISO 19115 and ISO 19139.

First iteration metadata profile for aeronautical MET information exchange (exclusive of the METAR, SPECI, TAF and SIGMET) in compliance with ISO 19115.

	20th edition

November 2019
METAR, SPECI, TAF and SIGMET are exchanged in a digital form, the information shall be structured in accordance with WXXM. 
All other MET information should be structured in accordance with WXXM.
	Major Release of WXXM to specify the semantics and abstract structure (features, attributes and associations) for all aeronautical meteorological information.
	Major Release specification for MET information exchange in digital form which shall:

· use XML;

· comply with the GML specification for the encoding of geographical information;

· be expressed in the form of an XML Schema;

· be structured in accordance with defined features, attributes and associations (WXXM);
· allow for the exchange of gridded information and associated exchange formats.
	Major Release metadata profile for MET information exchange in compliance with ISO 19115 or ISO 19139.


Foreseen roles and responsibilities
19.
The provided considerations on the evolutionary approach towards the implementation of table driven data representation for operational MET information call for the development of three distinct elements, 1) the logical data model (WXXM), 2) physical data models (exchange formats/schemas) and 3) metadata profiles. Whilst this separation of concerns and the naming of these distinct elements could be perceived as new, it is close to the existing separation between ICAO provisions on MET information requirements and WMO providing the associated coding practices for some of the reports identified by ICAO. No indications exist why such a separation of concerns and associated responsibilities could not be applied for the discussed evolution.
20.
The logical data model (WXXM) is still very close to the (performance based) information requirements. Moreover, in a fully data-centric environment this type of model is the unique representation for information (exchange) needs and its interrelationships with the rest of the air transport domain. It is therefore foreseen that ICAO needs to be the custodian of the WXXM.

21.
The physical data models are in essence the new representation of what WMO coding practices and in some instances ICAO templates are today. Especially an XML schema for the replacement of TAC is very much content oriented and as discussed, close to the development of code forms. Consequently, this development and the future maintenance of physical data models is a clear continuation of a line of activity of WMO. Moreover, based on the laid down roles and responsibilities in the formal Working Arrangements between WMO and ICAO, it is foreseen that WMO will be the custodian of the physical data models with an initial focus on a OPMET XML(GML) Schema to replace TAC.
22.
The last required element is the metadata profile. The development and maintenance of such a metadata profile requires domain expertise, both from an air transport perspective and a meteorology perspective. ICAO has recognised the value of adopting technical requirements developed by aviation industry bodies such as EUROCAE, RTCA and from more generally based organisations such as ISO, OGC and SAE to meet its future needs. In support of this philosophy, it is foreseen that WMO and OGC (the OGC Aviation Domain Working Group) could develop and maintain such a conjoint profile(s) for ICAO based on ISO 19115 and ISO 19139 standards. The existing Working Arrangements between WMO and ICAO, between WMO and ISO and between WMO and OGC will perfectly facilitate such a joint specification.
Continuous support
23.
EUROCONTROL and FAA, also as founding members of SESAR and NextGen, are committed to deliver a globally interoperable ATM shared information environment which enhances the sustainability and speed of knowledge based decision making within ATM. In support, the two organisations are conducting a number of activities in support of WMO’ and ICAO’ global, standardisation, harmonisation and support to implementation efforts with respect to MET information exchange.
24.
In their roles as contributors to SESAR, NextGen and global interoperability initiatives on shared meteorological information for ATM, first instantiations of a logical (WXXM) and a physical data model were developed. The WXXM v1.1 aims to encapsulate already all the abstract information constructs currently described in ICAO Annex 3 and WMO TR No.49, exposed in a UML based model. As a physical model, a GML based format for OPMET data called the Weather Information Exchange Schema (WXXS) was introduced. This specific GML based format enables the exchange of information formally captured in TAC. Moreover, it has the intrinsic capability to provide so called GML-wrappers for other code forms including GRIB.
25.
Furthermore, EUROCONTROL and FAA are members of OGC and sponsors of the OGC interoperability experiments, the so-called OGC Test Beds. Both the membership and the experiments provide the platform to develop, influence and test existing and emerging standards, specifications and best practices. This is an interest shared with WMO and individual WMO members who are currently active in several domains covered by the OGC work programme.

26.
EUROCONTROL and FAA acknowledge the existing Working Arrangements between ICAO and WMO, between ICAO and others international standardisation organisations, between WMO and ISO and between WMO and OGC. These Working Arrangements are observed to be an sufficient framework to support the air transport industry requirements to move towards an improved MET information sharing environment based on the discussed design principles and separation of concerns. However, it is also recognised that the development and future maintenance of logical and physical data model and metadata profiles should be a conjoint effort between all involved.

27.
Consequently, EUROCONTROL and FAA as organisations and via the SESAR Programme and NextGen, will continue to support WMO, ICAO, ISO and OGC on their development and maintenance activities on MET logical and physical data model and MET metadata profiles, as deemed necessary.
28.
The IPET-DRC is invited to: 

· Note the content of the paper;
· Share the paper with other WMO bodies, as seen necessary, that have a distinct role and responsibility in the development, implementation and maintenance of table driven data representation for operational aeronautical meteorological information, and;

· Inform EUROCONTROL and FAA when support of these organisations is required.
__________

� Technology independent description; A static description, in the Unified Modeling Language (UML), of the structure of the ‘Meteorological Information Exchange system’ by showing the system's classes, their attributes, operations(or)methods and the relationships between the classes.


� A logical data model is an operational view on the type of information exchanged, the frequency of exchanges and the nature of the information exchanges from an enterprise and system architectural perspective. This view is recognised and used in all the leading Architectural Reference Models, including the NATO Architectural Framework (NAF), US Department of Defense Architectural Framework (DoDAF) and the British Ministry of Defence Architecture Framework (MODAF).


� In the ICAO AIS/AIM domain, consensus exists on a similar approach for a technology independent (UML) description of aeronautical information semantics, the abstract structure of AIS/AIM information, the intrinsic data requirements and structural business process rules. This is currently referred to in the AIS/AIM domain as the ‘Conceptual Model for AIS/AIM’.


� XML: Extensible Markup Language.


� GML: Geography Markup Language.


� Applicability date: November 2013, Publication date: July 2013, Start State consultation: January 2012


� Applicability date: November 2016, Publication date: July 2016, Start State consultation: January 2015


� Applicability date: November 2019, Publication date: July 2019, Start State consultation: January 2018






