Preliminary WIS 2.0 implementation plan
Executive summary
[bookmark: _GoBack](to be completed)
What is the WMO Information System?
Following Resolutions of UN General Assembly, the World Weather Watch (WWW) was established by the fourth World Meteorological Congress (Cg-IV) in 1963. The three focus areas of the WWW were identified as: (a) global observational data coverage, (b) data processing systems, and (c) a world-wide coordinated telecommunication system. The last of these, implemented as the Global Telecommunications System (GTS), has moved indispensable, time-critical data between Members of the World Meteorological Organisation (WMO) day-in, day-out since the 1970’s.
Approved as an extension of long-established plans for facilities and services required by meteorological services, the WWW was designed to support state-based actors, i.e. National Meteorological and Hydrological Services (NMHS), with a focus on operational meteorology / weather forecasting.
Meteorological data is increasingly used in decision-making processes across many sectors, typically as input to value-added services for operational optimisation, risk management, or safety in sectors as diverse as agriculture, health care, energy, water, transportation, retail, insurance, aviation, engineering / construction, legal and more. 
Recognising the importance of meteorological information to everyone, the fourteenth World Meteorological Congress (Cg-XIV, 2003) established the WMO Information System (WIS) to open up meteorological data and provide access to all: NMHS, wider government, non-governmental organisations (NGO), academia, research institutions, private sector, and citizens. WIS was and is intended to support all WMO programmes. It builds on and incorporates the GTS, adding a data catalogue and discovery portal plus complementary mechanisms (FTP, email etc.) to subscribe to and download data shared on the GTS during the previous 24-hours. The WIS Catalogue, data portal and GTS data download/subscription functions are replicated across the 15 Global Information System Centres (GISC) of the WIS.
In essence, WIS connects demand for authoritative weather, water and climate information with supply from approved data publishing centres.
Drivers for change
There is a disconnect between the aims of WIS and the reality of its implementation. 
With the GTS being at its core, WIS has developed with an overriding focus on the WWW. The current situation is:
1. A significant proportion of Members have not yet begun their implementation of WIS – perhaps because the value of WIS over and above the routine, institutional data-sharing provided by the GTS is not well understood. 
2. The data catalogue is dominated by GTS data – tens of thousands of records describing the small packages of data (i.e. “bulletins”) that are operationally exchanged between NMHS. Consequently, users’ experience via the data portal is poor: a search often returns thousands of results, each relating to a small package of data.
3. Even if a user can find what they want, the access is difficult – (a) users either need a connection to the GTS, (b) need to work through a Web-form to set up a subscription requesting data to be sent to them via other methods, or (c) can only download the most recent 24-hours[footnoteRef:1] of data that is cached by the GISCs. [1:  The technical regulations require 24-hours of data to be cached, but in reality GISCs cache several days of data.] 

4. Although WIS currently supports the notion of data services (i.e. Web services providing access to datasets) very few are registered.
Alongside challenges with the current implementation of WIS, the external environment is changing too:
1. The UN global agendas[footnoteRef:2] reinforce the need for authoritative weather, water and climate information to be made available to public, private and academic users; improving discovery of and access to this information is essential. [2:  2030 Agenda for Sustainable Development, the Paris Agreement on climate change and the Sendai Framework for Disaster Risk Reduction.] 

2. High-level discussion on data during the seventeenth World Meteorological Congress (Cg-17, 2015) concluded that “most [WMO] Members are ill-prepared for the explosion in data volumes and the growing diversity of new data sources”. Anecdotal evidence suggesting that 80% of WMO Members cannot fully leverage the data that is already available today.
3. A review of emerging data issues[footnoteRef:3] commissioned by Cg-17 identifies that “cloud computing, Web services, data analytics, machine learning and other technologies present new operating concepts that will improve operational efficiency, information sharing and service delivery, and enable users to more effectively exploit data.” [3:  WMO Commission for Basic Systems led review on emerging data issues (CBSLR-EDI)] 

Key changes for WIS 2.0
The world is changing – and WIS must change with it. The WIS 2.0 strategy[footnoteRef:4], endorsed by Recommendation 35 (CBS-16) and approved by Resolution 8 of the sixty-ninth Executive Council (EC-69), sets out how and why WIS will change. The vision for WIS 2.0 states: [4:  https://wis.wmo.int/WIS2 ] 

WIS 2.0 is a collaborative system of systems using Web-architecture and open standards to provide simple, timely and seamless sharing of trusted weather, water and climate data and information through services.
The functions of WIS, as defined in the Manual on WIS (WMO-No. 1060), remain largely unchanged – it is the manner in which those functions are delivered which is changing.
Redesign of the Global Telecommunications System
The highest priority is to redesign the GTS. Predating the Internet, the current GTS implementation relies on outmoded design choices:
1. Private networks were need to reliably connect institutions – resulting in a closed network. In many locations, the Internet is now reliable enough for safety critical application – so long as applications are built to be fault tolerant. The Internet provides the most far-reaching and inclusive connectivity of any computer network, meaning that more people can access the data[footnoteRef:5]. Furthermore, like-for-like bandwidth is available at lower costs compared to private networks. [5:  The Internet provides the means to access data, data publishers remain chose to whom access permissions are granted.] 

2. Point-to-point routeing was used to move data to and from the right locations, with the path that data follows being specified at the application level using ‘Message Switches’. Depending on configuration at each Message Switch, significant latency can be introduced in the transmission of data. Now, every connected device on Earth can be uniquely addressed using its IP address. Networks automatically route data from origin to destination – dynamically choosing the optimal path.
3. Groups of individual messages (i.e. SYNOP, SHIP, BOUY or BATHY) were bundled up into small data packages known as ‘bulletins’ to (a) make routeing tables more manageable (one entry per bulletin), and (b) reduce impact of protocol overheads on data transmission. Requests for the routine delivery of a new bulletin requires the ‘routeing tables’ of all nodes in the path across the GTS network to be amended – which can be a lengthy, time-consuming process. Today, we would employ commodity messaging solutions (known as ‘pub/sub messaging’) using open-standard protocols that enable users to subscribe to  ‘queues’ and for data published to those queues to be delivered to them in near-real time.  
To summarise: private networks, Message Switching and bulletins will be phased out and the GTS redesigned to use:
1. Internet as the underpinning network where connectivity is available[footnoteRef:6]. [6:  Satellite-based data distribution systems using DVB-S broadcast remain an important part of WIS, providing data delivery where there is limited or no Internet connectivity. Please refer to the WMO Integrated Global Data Dissemination Service (IGDDS) for more information.  ] 

2. Open-standard pub/sub messaging for real-time data delivery.
The new GTS should enable more people to access real-time data as it removes the need for a private network connections and bespoke Message Switch software. Additionally, ending the use of bulletins should improve users’ search experience in the WIS. Instead of the WIS Catalogue containing tens of thousands of records describing bulletins, it should contain a much smaller set records describing ‘pub/sub queues’ to which a user, given adequate permissions, can subscribe.   
The changes proposed for WIS 2.0 do not stop with a redesign of the GTS.
WIS 2.0 and the Web of data 
WIS 2.0 encourages a whole-sale adoption of the Web and will leverage industry best practices and open standards – particularly those from the World Wide Web Consortium (W3C) and the Open Geospatial Consortium (OGC). The W3C says[footnoteRef:7]: [7:  W3C study of practices and tooling for Web data standardisation] 

The Web is the World’s most successful vendor neutral distributed information system […]
The ‘Web of data’ ranges from small amounts of data to vast datasets, either may be open to all or restricted to a few. Data can be consumed by Web pages, downloaded for local processing, or accessed via [Web services] that support remote processing.    
In moving to the Web, WIS 2.0 recognises the growing adoption from the meteorological community in use of the Web platform for publication of data: through use of Web services, data publishers provide access to curated datasets in addition to the provision of real-time data via the GTS.
Integration with commercial search engines
With data being published on the Web, WIS 2.0 seeks to enhance discoverability of that data through better integration with commercial search engines (Google, Bing, Yahoo, Yandex etc.). This will be done by encouraging data publishers to include schema.org[footnoteRef:8] structured markup in HTML pages describing their data. This helps the search engines better index that content and, consequently, will help users discover that data using their preferred search engine rather than having to find and use a WIS portal. [8:  schema.org is a collaborative activity founded by Google, Microsoft, Yahoo and Yandex to provide structured vocabularies to describe content published on the Web. It operates as a W3C Community Group] 

Cloud-platforms
The final technological change driven by WIS 2.0 is the adoption of cloud technologies. 
Data is becoming too big to move; the accepted response is to move the processing to the data – a concept also known as ‘data gravity’. Cloud platforms’ provisioning of infrastructure and software as a service readily enables data publishers to provide a compute/data processing environment adjacent to their data holdings, thereby allowing users to work with the data in-situ and download only the resulting product or expose a complex, data-hungry computation through a simple, easy to use Web service. Crucially, data users no longer need to procure and maintain infrastructure for local data processing, thereby reducing the barrier to data use.  
Although cloud is beginning to be adopted by the meteorological community, it is currently a maturing technology. However, there are already some examples of cloud-hosted data platforms providing processing capacity and ready-made tooling. For example, the Copernicus Climate Data Store[footnoteRef:9] provides a toolbox and APIs that allows authorised users to process data and create products on the cloud. [9:  https://cds.climate.copernicus.eu/#!/home ] 

WIS 2.0: an ecosystem of WIS Centres   
In line with current practice, WIS 2.0 remains a ‘system of systems’ comprised of the contributions from participating centres[footnoteRef:10], each designed to provide data and services required to meet the needs of WMO Members and programmes. Participating centres register their data and services within WIS by submitting a metadata record for inclusion in the WIS Catalogue. Organisations within the meteorological community are encouraged to seek approval to become a WIS Centre and to register their data and services within WIS. [10:  Centres participating in WIS must be approved by the Permanent Representative to WMO for the country or territory within which the centre operates.] 

It is important to note that there is no ‘big funding programme’ to develop all the services required to meet WMO’s goals and objectives. Sustainability of and funding for the centre’s operations is the concern of the host organisation themselves. Registering as a WIS Centre should be regarded as a long-term commitment. 
Over time, WIS 2.0 is expected to develop into a rich ecosystem of services using pub/sub messaging, Web-services and cloud platforms to provide access to data that meets the needs of all WMO programmes.
Implementation approach
The implementation of WIS 2.0 is currently being planned. As an ecosystem of participating WIS Centres, it is anticipated that adoption of Web services, search engine integration and cloud-platforms will develop organically as each participating Centre develops new capability and refreshes their systems. In contrast, the real-time distribution of data requires consistent adoption of technology and standards throughout the WIS 2.0 ecosystem. A well coordinated transition from Message Switching to pub/sub messaging will be required – perhaps with the GTS supporting old and new approaches in parallel for some period. A complex activity affecting all Members, including least developed countries and small island developing states, the GTS transition is expected to be complete by 2025. 
Excepting incremental improvement (e.g. incorporating updated metadata descriptions for pub/sub queues, Web services and cloud-platforms), the current distributed/replicated WIS Catalogue and data portal functions remain largely fit for purpose within WIS 2.0. Plus, with the bulletin no longer being the ‘unit of data currency’ within WIS, the number of metadata records should decrease significantly, leading to a better user search experience.  
As the body responsible for WIS 2.0 planning and implementation, the Commission for Basic Systems will collaborate with public, private and academic sectors to:
1. Determine the most appropriate technical solutions and industry standards “to provide reliable data access to all users considering the availability of new technologies, architectures and communication techniques including cloud based solutions, Web services, application programming interfaces, modern messaging protocols”[footnoteRef:11];  [11:  Resolution 23 of the seventieth WMO Executive Council (2018) refers.] 

2. Develop solutions (i.e. through pilot projects), share recommended practices and provide necessary training; and 
3. Support the rollout of solutions[footnoteRef:12] to all WMO Members. [12:  Effective rollout is likely to be related to equipment/system refresh opportunities.] 


 (to be completed; missing lots of elements – operating model, functional architecture and mapping etc.)
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