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1.4 The system will be a network-based operation formed by four main components which 
collectively will increase the efficiency of the ATM System: 

a) a robustly networked ATM System which improves information sharing; 

b) an information sharing which will allow to enhance the quality of information and 
provide shared situational awareness; 

c) collaboration enabled by shared situational awareness; and 

d) enhanced sustainability and speed of decision making. 

1.5 A key enabler identified to meet these future needs of the ATM system is system-wide 
information management (SWIM) where information management solutions will be defined at the overall 
system level, rather than individually at each major subsystem (data domain/process/function) and 
interface level, as is the current norm. 

1.6 The importance of implementing SWIM was reiterated at the 38th Session of the ICAO 
Assembly where it was recommended that the Council consider the development of a coordination 
mechanism to implement SWIM and its air navigation applications. This is recognized as an important 
step in implementing the SWIM-related modules of the Aviation System Block Upgrade (ASBU) that are 
contained in the Fourth Edition of the GANP published by ICAO in 2013.  The current GANP provides a 
rolling fifteen-year strategy to guide complementary and sector-wide air transport improvements over the 
period 2013 to 2028. 

1.7 To support the evolution of the ATM system and the required implementation of the 
ASBUs, it is essential that also the evolution of meteorological information exchanges and the associated 
provisions should be considered; and as an integral part of SWIM. 

2. SWIM 

2.1 The current information exchange systems may constrain implementation of necessary 
operational improvements for the ATM system. Important limitations today are: 

a) information content being exchanged is not globally harmonized leading to 
inconsistent, missing or dropped information;  

b) use of interfaces that are defined on a point-to-point and application-to-application 
basis  provides an inflexible system; 

c) message-size limitations and a non-scalable approach to information exchange with 
the present infrastructure; 

d) information access is limited to select participants and increasing access to select 
timely information can be costly; and 

e) information security is poor, thereby limiting the information that participants are 
willing to exchange. 



MET/14-IP/6 
CAeM-15/INF. 6

 

- 3 -

2.2 SWIM will complement human-to-human communication with machine-to-machine 
communication, improve data distribution and accessibility in terms of quality and timeliness. In both 
cases however, while human intelligence and the spoken language can adapt to situational nuances of 
communication and operations, this flexibility has to be engineered into systems supporting ATM 
operations.  

2.3 Future systems will increasingly need to “ask for/discover” operationally relevant facts 
depending on circumstances, rather than simply “being informed” by pre-agreed messages. Therefore, 
SWIM faces the challenge of creating an “interoperability environment” which allows the systems to cope 
with the full complexity of operational information exchanges.  

2.4 SWIM introduces a significant change in the business practices regarding how 
information is managed during its entire life cycle. The implementation of SWIM seeks to provide the 
required information of known quality to the right people at the right time for the intended purpose. The 
SWIM environment or more formally, the global ATM interoperability framework, will shift the ATM 
information architecture paradigm from point-to-point data exchanges to system-wide interoperability. 

2.5 This global ATM interoperability framework is described by five layers to explain the 
functions, the standards and the mechanisms for interoperability. These layers are: 

a) SWIM-enabled applications (e.g. decision support tools) of information providers 
and information users around the globe that publish and/or use information; 

b) information exchange services, defined for operational interest areas following 
governance specifications. SWIM-enabled applications will use information 
exchange services for interaction; 

c) information exchange models, using subject-specific standards for sharing 
information for the above information exchange services. The information exchange 
standards define the structure, content and format of the data exchanged by 
applications; 

d) SWIM messaging infrastructure provides the infrastructure for sharing information. It 
provides the core services such as interface management, request-reply and publish-
subscribe messaging, service security, and enterprise service management; and 

e) network connectivity, providing consolidated telecommunications services, including 
hardware. This infrastructure is a collection of the interconnected network 
infrastructures of the different stakeholders. These will be private/public Internet 
Protocol (IP) networks. 

2.6 This information paper will describe how these first three layers of the global ATM 
interoperability framework will apply to meteorological information service provisions The messaging 
infrastructure and network connectivity (layers d and e above) are however considered to be generic 
prerequisites for SWIM enabled meteorological information exchange. 

2.7 Important however is that these generic messaging infrastructure and network 
connectivity layers of SWIM can be different from today’s means of communicating meteorological 
information. Point-to-point transmission, national and regional data collection, bulletin generation and 
local, regional and global storage are elements of today’s infrastructure that could become redundant in a 
fully implemented global SWIM environment. 
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3. SERVICE ORIENTATION 

3.1 Service oriented architecture (SOA) is a general concept for “organizing and utilizing 
distributed capabilities that may be under the control of different owners”. While there is no formally 
agreed definition of SOA, it is generally considered that partitioning of functionality into non-associated, 
self-contained and therefore reusable services that can be discovered by potential users is a key feature 
that discriminates SOA from more traditional architectural paradigms.  

3.2 A service orientation is assumed for information exchanges between ATM stakeholders. 
That is, an information provider publishes and exposes its services for the use of information consumers; 
this is done via interconnected registries that list the services and the specific details for consuming them. 

3.3 One of the benefits of SOA is the promotion of “loose coupling”. Loose coupling means 
that changing an information provider has a reduced impact on the information consumer. Dependencies 
are minimized allowing components and services to operate with as little knowledge as possible of other 
components or services. 

3.4 While service orientation is necessary for global SWIM-based services (i.e. for the 
delivery and execution of SWIM-enabled applications), implementation of SOA within individual 
stakeholders has to be balanced with any cost-benefit that it might endow. SOA is being pursued 
internally by large ATM stakeholder organisations that have a large number of systems that need to 
interface and share information in order to provide ATM functions. Smaller organisations and other 
stakeholders with few systems may opt to retain their current architectures. As long as the SWIM 
information services that they wish to provide or to consume are exposed externally in a standardized 
SWIM manner. 

3.5 When empowered by SOA, SWIM will enable the aviation stakeholders to capitalize on 
opportunities, new services and capabilities by, for instance: 

a) becoming more agile in service delivery: SOA enables organisations to respond 
quickly to new operational imperatives, develop distinctive new capabilities and 
leverage existing services by delivering information based services to the aviation 
stakeholder; and 

b) driving cost reductions: SOA promotes the reuse of existing assets, increasing 
efficiency and reducing application development costs and by sharing the most 
readily available code bases and services between aviation stakeholders. An 
integrated SWIM implementation improves coordination across all components of 
the modern ATM system reducing costly and time-consuming data conversion. SOA 
makes it possible for organizations to develop, implement and re-use processes that 
are technically enabled and integrated through the use of open technology standards. 
In addition, connectivity, data exchange and process integration efforts are 
simplified, reducing integration-related development and support costs.1 

3.6 Service providers will need to be cognizant of the opportunities that will arise through 
service orientation (including increased efficiency). Providers can expect to be actively engaged in the 
development process, which will be undertaken in a collaborative manner, and will be supported though 
the provision of guidance and training, as necessary. At the same time, service providers will also need to 

                                                      
1 Experience learns that one of the key reasons for SOA not delivering the expected cost reduction is the tendency to automate the 

existing situation. 
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be aware of the scientific, technological and institutional challenges that will be brought by the 
evolutionary approaches of SWIM and SOA. 

4. EVOLUTION OF METEOROLOGICAL INFORMATION 
PROVISIONS 

4.1 Separation between provider and user 

4.1.1 In the ATM network, almost every stakeholder is a provider and a user of information. 
Having to decide in advance who will need what information, obtained from whom and when, is 
undesirable. The key issue is to decouple providers of information from the possible users in such a way 
that the number and the nature of the users can evolve through time.  

4.1.2 The challenge, however, is to balance this extreme flexible approach with the basic 
principles laid down in the existing provisions to provide a minimum set of information to support the 
safety, efficiency and regularity of international air navigation. This balance is perfectly possible in a 
service oriented environment but requires a change in how information requirements or specifications in 
Annexes and supporting material should be captured. This forms the basis of the adopted performance-
based provision approach as reflected in the Global ATM Operational Concept (Doc 9854), the GANP 
and associated ASBUs. 

4.1.3 In a typical product-centric environment based on the current division of information 
areas such as meteorology and aeronautical information services, a separation between the provider and 
user of the information is not always clearly recognised. By defining and providing an ‘information-
product’ as currently prescribed by global provisions, assumptions are factored in on how a user shall 
access and use the information.  

4.1.4 By providing defined information elements -potentially grouped together- to support ATM 
activities that share operational capabilities is an approach that supports performance based ATM and its 
required service orientation better than today’s meteorological information exchanges (without considering 
from an information provider’s perspective how the user shall access, portray or integrate the information). 

4.1.5 The objective is that providers and users should be bound together in data exchanges in 
the form of information services that represent a formal contract between provider and user. Both the 
provider and user views need to be considered at the specification and implementation levels to build fit-
for-purpose solutions that support ATM capabilities. In essence, knowledge about the operations that they 
support is crucial in providing the information service that fully meets the requirements but keeps the 
responsibility for how it will be used at the user side. 

4.2 Quality of service 

4.2.1 When providers and users are only bound together in data exchanges, this introduces a 
strong requirement to have information available on the information service provided. This “information 
on the information”, commonly referred to as metadata, is essential for a user to understand how this 
information service can be utilised. The metadata enables the provider and the user of the information to 
agree on a quality of service of the information exchange. 

4.2.2 Considerations such as the quality, availability and granularity in space and time of the 
information exchanged are typical elements to include in the metadata. Considering the predictability of 
weather scenarios with different temporal and spatial scales, and the resulting levels of uncertainty and 
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varying error margins which are intrinsically part of meteorological information, additional information 
on the uncertainty, error characteristics or suitable level of confidence of the information is considered to 
be essential information to be conveyed to support decision making processes and applications. 

4.2.3 Implementation considerations for an identified meteorological information service, 
linked especially to the operational context in which the service will be used, will prescribe how the meta-
data should be made available. In one user context the meta-data should be integral part of the 
information exchange message while for another context the metadata could reside in a registry that could 
be queried when required. Some user environment would even require this information as a separate 
information exchange service. 

4.2.4 In the foreseen evolution of meteorological information exchanges and the associated 
provisions, these different options will be supported by the appropriate exchange models and will be 
sufficiently flexible to cater for emerging needs. 

4.3 Human-to-human versus machine-to-machine 

4.3.1 In general terms the expressed objective of SWIM is to increase user flexibility and to 
maximise operating efficiencies in order to increase system capacity and improve safety levels in the 
ATM system. It will enable amongst others, by an improved availability of aeronautical meteorological 
data of known and agreed quality from authoritative sources: 

a) improved shared situational awareness for meteorology, and: 

b) improved decision making by all ATM participants during all strategic and tactical 
phases of flight. 

4.3.2 Having access to increasing volumes of meteorological information and other SWIM-
enabled information require that human-to-human communication will need to be complemented more by 
machine-to-machine communication that enable tools to support decisions. 

4.3.3 This evolution towards decision support tools that integrate meteorological information 
enabled by SWIM will however not eradicate the “human in the loop”. Considering the intrinsic 
variability of earth’s atmosphere and the current and emerging meteorology provider capabilities to 
describe and forecast this atmosphere, human-to-human communication will be required for the 
foreseeable future. Human-to-human communication will remain essential in identified operational 
environments where specific quality of service needs will dictate so. Typically, the quality of a decision in 
a collaborative decision making process will be improved by SWIM-enabled support tools but will still 
requires human interaction. 

4.4 Product-centric versus data-centric 

4.4.1 A key activity in the evolution from product-centric to information service orientation 
and/or data-centric operations in general is to define non-associated, self-contained and therefore reusable 
information services that have an operational meaning. Hence, in a typical meteorological service context 
it is probably not meaningful to develop an information service for wind direction since it has no 
operational meaning without the associated wind speed. The other extreme is designing self-contained 
information around the notion of existing information areas such as aeronautical information services, 
meteorology, surveillance and flight. This is potentially too broad in scope and is also losing its 
connection with an operational reality. For example, it is not required to exchange all the meteorological 
information required from the perspective of Annex 3 — Meteorological Service for International Air 
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Navigation/Technical Regulations [C.3.1] to serve an air traffic controller working position with relevant 
meteorological information.  

4.4.2 The most important task for stakeholders implementing SWIM enabled information 
services is to agree upon the set of information exchange services and the range of options that will be 
appropriate within each of these services (for member States with different levels of ATM needs) and the 
standards to apply for information exchange.  

4.4.3 Meteorological information services in general and specifically the associated 
communication and information standards are traditionally organized around a defined set of 
meteorological products. These meteorological products are defined in Annex 3/Technical Regulations 
[C.3.1] and for communication and format aspects strongly reliant on other ICAO provisions and World 
Meteorological Organization (WMO) specifications. This is an example of basic information management 
— as far as it could be implemented using technology that was available for global implementation in the 
past but which is observed to become increasingly insufficient to meet future needs. 

4.4.4 The implementation of SWIM is considered an evolutionary process based on a gradual 
transition towards a service-oriented global ATM system rather than a wholesale replacement of the 
existing ATM information system. The evolution of meteorological information provisions should 
facilitate such a gradual transition and the first step was introduced by the applicability of Amendment 76 
to Annex 3/Technical Regulations [C.3.1] in November 2013. 

4.4.5 Amendment 76 to Annex 3/Technical Regulations [C.3.1] introduced provisions for the 
digital exchange of METAR, SPECI, TAF and SIGMET. Since at the time of development and 
endorsement of these provisions the notion of SWIM was still in its infant state, no consideration could be 
given to the various aspects of SWIM or service orientation in general. This resulted in the definition of 
an information exchange model that can be used to exchange these traditional products using XML/GML 
encodings, the ICAO meteorological information exchange model (IWXXM). To capture explicitly the 
associated information exchange service by Annex 3/Technical Regulations [C.3.1] provisions was not 
considered at that stage of provision development. 

4.4.6 In the context of the earlier described principles on service orientation and the definition 
of information exchange services it could be argued that the digitalization of existing alphanumerical 
products has only a limited meaning when considered for its non-associated, self-contained and therefore 
reusable aspects. The currently transposed products, alphanumeric or digital, serve a specific use case 
which is not designed to be directly reusable in a different operational context.  

4.4.7 It may be noted that the basis of a data-centric approach is to describe the past, current and 
future state of the atmosphere including the relevant quality-of-service information. For example, the notion 
of wind used in the context of the world area forecast system (WAFS) should not be different from the 
notion of wind in an aerodrome forecast, etc. However, if it is different, it needs to be defined. Therefore, 
parameters such as surface wind, aeronautical visibility and present weather, which can be geo- and time-
referenced, would be considered information elements that essentially have one distinct meaning (in 
aeronautical meteorology) and could serve multiple use cases. 

4.4.8 Constraints put on the meteorological data to be exchanged in the form of alphanumeric 
or digital products such as METAR and TAF reflected in the so-called “reporting practices”, are in many 
cases filters that in a service oriented environment should be applied by the user. Or it should be reflected 
in a (application) service that applies specific filters on a dataset to reflect specific globally agreed user 
needs. 
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4.4.9 By applying these reporting practices (filters) at the originator, the user is in the case of 
wind reporting confronted with a rounded number to the nearest ten degrees. This will make the wind 
direction not fully suitable for an accurate cross and tailwind component calculations that probably 
requires a resolution of 1 degree. 

4.4.10 Moreover, if, for example, an airspace user has an update frequency and spatial 
requirement for wind information of a certain resolution that is different to that of an ATS ACC user or an 
ATS TWR user, a data-centric approach to service provision could meet these requirements with one 
service only while a traditional product-centric approach would result in several services tailored for each 
user. In the data-centric approach, therefore, each user would be in a position to determine which 
resolution — spatial and temporal — of wind information would be required to fulfil their specific user 
need and to obtain the information accordingly from the suite of available data with the required level of 
quality for the intended purposes. The identification of user requirements would need to be conducted in a 
collaborative manner to ensure that the spatial and temporal resolutions of the required meteorological 
information can be fulfilled through sound scientific and/or technical capabilities of the aeronautical 
meteorological service providers. 

5. GLOBAL ATM INTEROPERABILITY FRAMEWORK 
FOR AERONAUTICAL METEOROLOGY 

5.1 In a performance-based provision framework, provisions to support the availability of the 
common meteorological data and globally agreed services on top of this data is what should be captured 
to ensure global interoperability in support of international air navigation. Based on the five-layer global 
ATM interoperability framework, the evolution of meteorological information provisions is discussed in 
the context of SWIM-enabled applications, information exchange services and information exchange 
models and as such provides some main principles for the evolution of meteorological information 
provisions given below. 

5.2 SWIM-enabled applications 

5.2.1 In general, SWIM-related standards will enable applications to provide and consume shared 
aeronautical meteorological information. SWIM-enabled applications would operate either on the side of the 
aeronautical meteorological service provider – who supplies aeronautical meteorological information 
exchange services – or on the side of the user of these services. Knowledge of the user application, or more 
specifically, knowledge about the operational context that the aeronautical meteorological information 
exchange service needs to support is essential on the part of the provider of the service. SWIM-enabled 
applications are not considered to be part of the performance-based provision framework for meteorology 
that should be captured by meteorology provisions such as Annex 3/Technical Regulations [C.3.1]. In 
general, SWIM standards for meteorology will enable applications to provide and consume shared 
meteorological information, these SWIM-enabled applications itself are not considered part of the scope of 
SWIM-enabled meteorology provisions. 

5.2.2 From a provision perspective, in a performance based environment the focus is not on 
how the service is produced but the focus is on the level of service that is required and to document this to 
enable regulation. This shifts the focus of provisions towards the direction of exclusively describing 
information exchange services rather than providing requirements on how for instance observations 
should be conducted.  

5.2.3 The evolutionary transition towards data-centric and service-oriented meteorological 
service provision will provide a myriad of possible meteorological information services that could be 
consumed by SWIM enabled user applications. While not an integral part of SWIM, extensive 
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consideration should be given to the reporting/visualisation and associated training requirements for 
humans in the loop to ensure the globally interoperable understanding of what is currently achieved by 
applying reporting formats such as METAR and TAF. 

5.3 Information exchange services 

5.3.1 Meteorological information exchange services should be defined for identified operational 
interest area and associated decision making processes. A minimum set of meteorological information 
exchange services to enable international air navigation should gradually replace the meteorology products 
currently defined in Annex 3/Technical Regulations [C.3.1]. 

5.3.2 This minimum set of services should meet the basic operational requirements for the 
decision making processes they need to support and are currently under development. These basic 
meteorological information exchange services and the information elements they contain need to be 
specified by the provisions contained in Annex 3/Technical Regulations [C.3.1]. Part of this set initially is 
services to support the transition from product-centric to data-centric. These services can transform 
defined information elements into traditional products such as METAR and TAF according to defined 
business rules. This ensures that stakeholders during the transition period could still use these products 
while the data provider could migrate to a data-centric environment and fully SWIM-enabled 
applications. 

5.3.3 Besides the minimum set of services described in the provisions, the provision shall 
enable the design and deployment of other meteorological information services re-using the defined 
service, extending the defined services or using the information elements contained by the services and 
captured by the provisions. 

5.4 Information exchange models 

5.4.1 The meteorological information exchange model should enable meteorological 
information exchange services through information exchange standards. This model should define the 
structure, content and format of the meteorological data exchanged. Currently, two levels of abstractions are 
identified by the IWXXM; a logical level expressing the information constructs and reports to exchange and 
a physical element describing the exchange of METAR, SPECI, TAF and SIGMET in an XML/GML 
compliant format.  

5.4.2 The IWXXM needs to evolve into an all-encompassing model, independent of 
technology reflecting the meteorological subject area of the ATM information reference model (AIRM)2. 
The IWXXM will be governed as an integral part of an overarching governance AIRM framework to 
ensure the required semantic interoperability throughout ATM, fully in line with the Twelfth Air 
Navigation Conference recommendation to “develop one logical architecture to address the global 
interoperability issues”.3 

                                                      
2 The AIRM will capture all types of information used by ATM in a consistent set of data models that can be accessed via 

standard software tools. It will extend the evolution from strictly aeronautical information management (AIM), and its 
associated data models to the full integration of all digital ATM information into SWIM , including meteorological, flight and 
other information. 

3 Experience teaches that one of the key reasons for SOA not delivering the expected cost reduction is the tendency to automate 
the existing situation. 



MET/14-IP/6 
CAeM-15/INF. 6
 

- 10 -

5.4.3 Semantic interoperability is even more important in a SWIM context than it is already 
today. In the global ATM interoperability framework, the AIRM addresses the need for semantic 
interoperability. The AIRM is used, for example:  

a) to unambiguously define the information (and associated data) that is exchanged 
between providers and consumers across organisational boundaries, domains, and 
heterogeneous systems; 

b) as the reference for the information exchange models within specific contexts; and 

c) as the reference for the definition of the payload of shared information exchange 
services. 

5.4.4 The AIRM shall have appropriate recognition within the Global ATM Interoperability 
Framework for the principle that the governing entity for Annex 3/Technical Regulations [C.3.1] today is 
still the governing entity for the meteorology subject area but now put in a broader context of ATM to 
ensure the earlier mentioned semantic operability. 

5.4.5 To support international air navigation it is still required to define a means of compliance 
for the physical exchange format in support of the defined basic set of information exchange services 
identified. To define a means of compliance provides a basic level of interoperability all stakeholders 
could fall back on but also provides the opportunity to implement other means of compliance subject of 
the approval of the stakeholders involved in the exchange. Important to consider is that the information 
exchange services and the overarching AIRM framework binds the stakeholders, not necessarily the 
exchange format. 

5.4.6 It is expected that for the physical exchange formats, the means of compliance will focus 
around a core set of recognized standards/specifications eg.XML/GML and GRIB. These physical format 
standards are expected to be AIRM-compliant. 

6. ACTION BY THE MEETING 

6.1 The meeting is invited to note the information in this paper. 
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