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WMO Information system 2.0 implementation approach

SUMMARY AND PURPOSE OF DOCUMENT

	This document asks for advice to assist the President of CBS to make recommendations on the topic of the implementation approach of the WMO Information System 2.0 on behalf of CBS to the eighteenth World Meteorological Congress. This CBS consultation is in line with the process proposed in Annex 1 of WMO Letter 01194/2018/OBS/CBS/TECO-2018 dated 1 February 2018, and follows review of proposed draft Congress Decisions/ Resolutions/Recommendations by the CBS Management Group at its 18th Session (Geneva, 29 March 2018) on the basis of those discussed at CBS‑TECO2018.
	See http://meetings.wmo.int/cbs-teco-2018. 

	The following CBS-TECO-2018 issue is addressed in this paper:

	Issue 5(2)/1: WIS 2.0 implementation plan.


ACTION PROPOSED

	The Commission is invited to review the proposed Recommendations, and provide feedback in writing through cbs-consult-2018@wmo.int before 28 February 2019.
____________
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WMO Information System 2.0 Implementation approach
THE COMMISSION FOR BASIC SYSTEMS,
Recalling 
(1) Resolution 8 (EC-69) Strategy and governance of WMO Information System, 
(2) Decision 18 (EC-70) on WMO Information System 2.0 Implementation Approach,
Noting that the draft WMO Information System 2.0 implementation approach has been further developed and clarified 
Noting further that the Executive Council requested CBS
(1) 	To consult with Members on amendments needed to further develop the Strategy and Implementation Approach and specific design requirements;
(2) 	To provide Congress with the updated Strategy and Implementation Approach and a plan to document specific design requirements;
(3) 	To provide more information to Members about the technical infrastructure supporting WIS 2.0 and a comparison of the functional architectures for the original WIS and WIS 2.0;
Recommends the proposed WMO Information System 2.0 Implementation Approach as provided in the Attachment.





Attachment to draft Recommendation 2(3)/1 (CBS Consult. 2018)
[bookmark: _Annex_to_draft_1]
1.	WIS 2.0 IMPLEMENTATION APPROACH
This document provides non-technical information on WIS 2.0 and the proposed approach for its implementation. 
Its purpose is to enable Members to make an informed decision at Congress on the proposed approach for WIS 2.0, as well as to inform their discussions in other areas of WMO where support may be required for successful ongoing development and implementation. In addition, it may be useful in informing the NMHS long-term resource planning. 
This preliminary implementation plan outlines developments for the World Meteorological Organization (WMO) Information System (WIS) in accordance with the WIS 2.0 Strategy[footnoteRef:2] that was endorsed by Recommendation 35 (CBS-16) and subsequently approved by Resolution 8 (EC-69). Although this document does express some technical concepts, it intentionally does not provide sufficient detail to support implementation. [2:  	http://wis.wmo.int/WIS2 ] 


2.	EXECUTIVE SUMMARY
WIS 2.0 reaffirms the original intent of WIS to open up access to environmental data. WIS 2.0 further enables discovery of and access to authoritative weather, water and climate data, by humans and machines (i.e. software systems) throughout the global community. 
WIS 2.0 increases the visibility and accessibility of NMHS data, helping to raise their profile as the authoritative voice on weather, water and climate. It also allows NMHSs to find and use other sources of data to further develop their services. In addition, WIS 2.0 makes it simpler for providers to keep control of their data as WIS includes free and open data as well as data released under commercial or restrictive licenses.
WIS 2.0 allows participating centres to provide services that enable users to interact with data remotely through the use of Web and cloud technologies, helping mitigate challenges arising from the predicted explosion in data volumes. Although WIS moved from network based information management of the GTS to being data centric, it still tends to focus on operational data. The services focus of WIS 2.0 makes it easier for centres to share historical data and to provide access to archives to support the needs of all WMO programmes. 
WIS 2.0 is an evolution rather than a revolution: the roles of WIS Centres and the majority of WIS functions are largely unchanged. Eleven technical changes to WIS are outlined in this document that support delivery of the WIS 2.0 vision. These include changes to the mechanisms used for real-time distribution of data and products. 
A programme of work is defined to support WIS 2.0 implementation, with the bulk of activity completed by 2026. The role of Regional Associations is promoted in establishing regional plans for WIS 2.0 implementation. Demonstration projects will be completed in each Region to validate and inform WIS 2.0 implementation. It is recommended that a programme office be established in the Secretariat to coordinate the overall implementation.


3.	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 WMO day-in, day-out since the 1970s.
Approved as an extension of long-established plans for facilities and services required by meteorological centres, 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.
Recognising the importance of meteorological information to everyone, the fourteenth World Meteorological Congress (Cg-XIV, 2003) agreed to develop the Future WMO Information System (FWIS) for the collection and sharing of information for all WMO and related international programmes. The concept of WIS was formalized at Cg-XV, 2007 and the first contributing centres approved in Cg-XVI, 2011. 
WIS built on and incorporated the GTS, adding a data catalogue and discovery portal plus complementary mechanisms (FTP, email etc.) to subscribe to and download data from contributing centres. The heart of WIS would be the data centres that publish data and deliver services to meet national or WMO programme requirements. Data centres were categorized into two types: National Centres (NC) that operated under a national mandate and Data Collection or Production Centres (DCPC) that operate under the mandate of WMO programmes, WMO Regional Association or partner international organizations. As WIS was to be driven by metadata and information centric, fifteen Global Information System Centres (GISC) were established to provide the WIS discovery metadata catalogue and metadata management services, data portals and download/subscription functions for access to information shared on the GTS during the previous 24-hours.
In essence, WIS connects demand for authoritative weather, water and climate information with supply from approved data publishing centres.
4.	RATIONALE FOR CHANGE
The UN global agendas[footnoteRef:3] 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. [3:  	2030 Agenda for Sustainable Development, the Paris Agreement on climate change and the Sendai Framework for Disaster Risk Reduction.] 

The draft WMO Strategic Plan (2020-2023) outlines the long-term goals and strategic objectives for WMO. Many of these goals and objectives relate to the need for improved accessibility and use of data and information. Furthermore, the draft plan states that:
“Technological advances and the increasing demand for more and more diverse services from increasingly sophisticated and capable users changes rapidly the service delivery and business models in many parts of the world.”
High-level discussion on data during the seventeenth World Meteorological Congress (Cg-17, 2015) concluded that “most Members are ill-prepared for the explosion in data volumes and the growing diversity of new data sources”. Anecdotal evidence suggests that 80% of WMO Members cannot fully leverage the data that is already available today.
A review of emerging data issues[footnoteRef:4] 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.” [4:  	WMO Commission for Basic Systems led review on emerging data issues (CBSLR-EDI)] 

In summary:
1. Weather, water and climate information must be made more easily discoverable and accessible to meet many of the WMO strategic objectives and to enable WMO to effectively contribute to the UN global agendas; and
2. Technology advances are leading to massive increases in data volumes and complexity, changing the way in which users seek to consume and use data, and providing opportunities to improve operational efficiency.
4.1	Today’s realities
Environmental data is increasingly used in decision-making by government and private sector organizations. On its own or combined with other types of data such as socio-economic information, weather, water and climate data are essential inputs to activities such as operational optimization, risk management, and safety in sectors as diverse as agriculture, health care, energy, water, transportation, retail, insurance, aviation, engineering / construction, legal and more. 
Despite enabling greater use by and across WMO programmes, and access to the information in external systems such as GEOSSGEOS, WIS remains perceived as a niche infrastructure supporting data-sharing among peers in the expert meteorological community. With the focus of GISCs on the GTS, WIS has an overriding number of registered metadata records relating to the World Weather Watch programme, lowering the visibility of registered data and products from other WMO programmes and the broader meteorological community. This has been amplified by the GISCs cache and download services focussing on GTS traffic rather than encouraging new data streams through the WIS core network.
A significant proportion of Members have not yet begun their implementation of WIS[footnoteRef:5] – perhaps because the value of WIS over and above the routine, institutional data-sharing provided by the GTS is not well understood. [5:  	WIS Mid-Term Performance report http://www.wmo.int/pages/about/documents/Summary_Mid-TermReport_2016-2017.pdf ] 

Many Members already use Web technology to meet their domestic/national data exchange and usage needs – both in operational and research contexts. These deployments are rarely registered within WIS.
4.2	Rethinking WIS
WIS 2.0 reaffirms the original intent of WIS: to open up access to environmental data and products. WIS 2.0 will further enable discovery of and access to authoritative weather, water and climate data by humans and machines (i.e. software systems) throughout the global community: NMHS, wider government, non-governmental organizations (NGO), academia, research institutions, private sector, and citizens. 
WIS 2.0 increases the visibility and accessibility of NMHS data, helping to raise their profile as the authoritative voice on weather, water and climate. It also allows NMHSs to find and use other sources of data to further develop their services. In addition, WIS 2.0 makes it simpler for providers to keep control of their data: WIS includes free and open data as well as data released under commercial or restrictive licenses, . 
WIS 2.0 allows participating centres to provide services that enable users to interact with data remotely through the use of Web and cloud technologies, helping mitigate challenges arising from the predicted explosion in data volumes. Where WIS initially focused on operational data, the services focus of WIS 2.0 makes it easier for centres to share historical data and to provide access to archives to support the needs of all WMO programmes. 
As stated in the WIS 2.0 strategy:
“WIS 2.0 will provide users with seamless access to diverse information from a wide range of sources and will enable weather, water and climate information to be related to socioeconomic and other application contexts. Through an open ecosystem of tools, applications and services, WIS 2.0 will allow participants to manage, publish and share their data, products and services and will allow users to develop value added services and derive new products.” 
4.3	How will WIS change?
WIS 2.0 is an evolution rather than a revolution. The Functional Architecture mapping between the original WIS and WIS 2.0 (see Annex I: WIS Functional Architecture) shows that the majority of WIS functions remain and a few more are added.
Eleven technical changes to WIS are outlined below that support delivery of the WIS 2.0 vision.
The WMO review of emerging data issues cites Web services as one of the technologies that: 
"present new operating concepts that will improve operational efficiency, information sharing and service delivery, and enable users to more effectively exploit data."
The World Wide Web Consortium (W3C) states[footnoteRef:6] that:  [6:  	W3C study of practices and tooling for Web data standardization https://www.w3.org/2017/12/odi-study/#introduction ] 

"The Web is the World’s most successful vendor neutral distributed information system, enabling people to access applications and services right across the World from their smart phones, tablets, laptops and other computing devices. […] The Web of data which ranges from small amounts of data to vast datasets, and either which are open to all or restricted to a few. Data can be consumed by Web pages, downloaded for local processing, or accessed via network APIs that support remote processing [i.e. Web services]."
The Web is founded on three pillars: (1) addressing resources (i.e. Web pages, data, metadata, APIs[footnoteRef:7] etc.) using Uniform Resource Identifiers (URI)[footnoteRef:8], (2) open data standards, and (3) open standard network protocols.  [7:  	Application Programming Interface (API): a clearly defined set of methods by which software components can interact]  [8:  	RFC 3986, URI generic syntax https://tools.ietf.org/html/rfc3986 ] 

Provision of digital resources (e.g. data, information, products) using the Web does not automatically imply that those resources are freely available to all without restrictions on use. Web technologies allow for authentication and authorization where necessary: the resource provider retains control of who can access published resources and they can force users to accept a license specifying the terms and conditions under which those resources can be used before allowing users access.  

Principle 1
WIS 2.0: 	adopts Web technologies and leverages industry best practices and open standards[footnoteRef:9].  [9:  	Particularly open standards from the Internet Engineering Task Force (IETF), World Wide Web Consortium (W3C), the Open Geospatial Consortium (OGC)] 

BENEFIT: 	Use of widely adopted practices and open standards will enable a large population of users to conveniently interact with WIS 2.0 to discover, access, and use authoritative weather, water and climate data.
Note that many NMHS already embrace Web architecture to meet their business needs. 

Principle 2
WIS 2.0: 	uses Uniform Resource Locators (URL)[footnoteRef:10] to identify resources (i.e. Web pages, data, metadata, APIs)[footnoteRef:11]. [10:  	URL is a subtype of URI - see RFC 3986 URI generic syntax, §1.1.3. URI, URL, and URN https://tools.ietf.org/html/rfc3986#section-1.1.3 ]  [11:  	For more information on identification of resources, refer to Architecture of the World Wide Web Volume 1, §2. Identification https://www.w3.org/TR/webarch/#identification ] 

BENEFIT: 	URLs uniquely identify a resource and describe the primary mechanism for retrieving or interacting with it (i.e. the network 'location' and the communications protocol to be used). 

Principle 3
WIS 2.0: 	prioritizes use of public telecommunications networks (i.e. Internet) when publishing digital resources[footnoteRef:12]. [12:  	As stated in the Manual on the GTS (WMO-No. 386) Attachment II-15, Internet connections may already be used within the GTS] 

BENEFITS:	Publishing digital resources on the Internet enables the meteorological community to retrieve or interact with those resources - it is unlikely that most of the community would be permitted to join managed networks such as Area Meteorological Data Communications Networks (AMDCN) employed by NMHS for data exchange with guaranteed service levels.
	Internet connections are significantly cheaper than the same bandwidth delivered through a managed networks. 
GISCs remain responsible for managing the telecommunications network(s) used in their Area of Responsibility (AoR) and for communication between GISCs - the Area Meteorological Data Communications Network (AMDCN) and WIS Core Network respectively[footnoteRef:13]. In many locations, the Internet is now reliable enough for safety critical applications - provided that those applications are built to be fault-tolerant. However, GISCs may deem that it is necessary to complement Internet connectivity with a high-performance managed network to meet programme-specific service level requirements (e.g. warnings shall be transmitted end-to-end within WIS within two-minutes[footnoteRef:14]). The specification of the AMDCN (managed network vs. Internet) is a responsibility of the GISC, taking into account reliability, security, availability, cost/use ratio and capabilities at DCPCs and NCs. [13:  	Refer to the Manual on WIS (WMO-No. 1060) Part III. Functions of WIS: §3.5.3 Exchange information with other GISCs, §3.5.7 Data network connectivity of a GISC, and §3.5.8 Coordinate telecommunications in GISC area]  [14:  	Refer to the Manual on WIS (WMO-No. 1060) Part IV. WIS Technical Specifications: §4.4 WIS-TECHSPEC-3] 

Currently, WIS is primarily concerned with data[footnoteRef:15] as traditionally exchanged via the GTS. A major issue with this data-centric approach is that often it is unclear to users how they might access (i.e. download or otherwise interact with) data that is of interest to them. In line with industry practice, WIS 2.0 recognizes that users, whether humans or software systems, will always interact with data published using WIS through some form of Web service. Web services cover a broad range of functions - to download data for local use, to request routine delivery of data, to view or display data, or invoke some other function.  [15:  	The term 'data' is used loosely here to cover everything from products to information to data] 

Principle 4
WIS 2.0: 	requires provision of Web service(s) to access or interact with digital resources (e.g. data, information, products) published using WIS. 
BENEFIT: 	Web services support 'machine-actionability' (i.e. the capacity of software systems to access, interoperate, and reuse data with little or no human intervention) because humans increasingly rely on computational support to deal with data as a result of increase in volume, complexity and velocity (i.e. creation speed) of data. 
BENEFIT: 	NMHSs develop their capacity to build and operate Web services, allowing them to extract more value from their data holdings through delivery of higher value services to their users. 
Note that the Manual on WIS (WMO-No. 1060) will be amended to specify the basic principles to which all Web services registered in WIS 2.0 shall conform. Based on the standards and conventions commonly used in their target user community (or communities), WMO programmes may identify particular technical specifications to which participating centres should conform in addition to the basic principles.  
When designing their Web service offerings, NCs and DCPCs publishing 'big data' into WIS should consider the capability of their users to work with those data. Cg-17 identified that most Members were ill-prepared for the predicted explosion in data volumes. Many Members are already unable to effectively use the data published and made available today. Data volumes are rapidly increasing to sizes that require significant investment in technical infrastructure to manage and use those data. Perhaps more challenging is that such large volumes are impractical to move between collaborating organizations fast enough to meet operational requirements.
Web services may be used to provide a network API to process or simplify complex or high-volume data to better match the needs of the user or create a bespoke product. These services may range in complexity from simple query APIs that allow a user to extract only a geographic subset of data corresponding to the user's area of interest, through to remote execution a local area weather prediction model according to the user's specification and visualization of the model output. What both of these examples have in common is that the data is processed on the data provider's infrastructure to create a result or product that is small enough to be conveniently downloaded and used. Where the data processing is complex, intensive or requires a lot of user-specific configuration, NCs and DCPCs should consider use of cloud technologies to underpin their data processing services.


Principle 5
WIS 2.0: 	encourages NCs and DCPCs to provide 'data reduction' services via WIS that process 'big data' to create results or products that are small enough to be conveniently downloaded and used by those with minimal technical infrastructure.
BENEFIT: 	Using ‘data reduction’ Web services to process high volume, complex data remotely, Members’ agencies and institutions can deliver high-value, high-quality services to their governments and citizens helping them more effectively meet their national mandates without the need to invest in and operate their own data management infrastructure[footnoteRef:16].  [16:  	Provision of data processing services in this way supports the WMO mantra the "no Member be left behind" and that "no Member stands alone" - through cooperation, all Members should access to the necessary capability to work with the predicted increase in data volumes] 

Real-time delivery of data and products in support of the World Weather Watch programme remains a core requirement for WIS. Current data-exchange methods permitted on the GTS[footnoteRef:17] require manual intervention in response to each user request for real-time data delivery, e.g. to set up and configure a new data delivery path. This practice will not scale to meet the demand for real-time data from across the meteorological community.  [17:  	File Transfer Protocol (FTP) and Secure File Transfer Protocol (SFTP); see Manual on GTS (WMO-No. 386), Attachment II-15] 

Modern messaging protocols, such as those that underpin social media platforms like WhatsApp and Twitter, solve this problem by automating how the relationship between data provider and consumer is established. Data providers create a channel ('message queue') and categorize which data are published to that channel. Data consumers determine which channels contain data of interest and, assuming they have the necessary access rights, subscribe to them. Once a subscription to a channel is established, data published to that channel are then automatically sent to the subscriber. This is known as the publish-subscribe messaging pattern ('pubsub'). Using such modern messaging protocols, there is no manual configuration burden on data providers to add new subscribers. 
Note that these modern messaging protocols may also be used to send notifications to subscribers. For example, to alert subscribers that new data or products are available for them to access or download at their convenience.

Principle 6
WIS 2.0: 	will add open standard messaging protocols that use the publish-subscribe message pattern to the list of data exchange mechanisms approved for use within WIS and GTS.
BENEFIT: 	Low effort for data providers to distribute data in real-time to large numbers of consumers.

Principle 7
WIS 2.0:	will require all services that provide real-time distribution of messages (containing data or notifications about data availability) to cache/store the messages for a minimum of 24-hours, and allow users to request cached messages for download. 
BENEFIT: 	Software systems that consume real-time data or notifications can recover from failure by requesting delivery of messages that were missed while the system was offline.
Note that:
1. From a WIS 2.0 perspective, open standard message protocols using the publish-subscribe pattern are considered to be Web services. 
2. Digital resources may be made available through multiple Web services. For example, a NC may publish SYNOPTIC reports via both download (e.g. a user queries the service to access data - "pull") and real-time delivery (e.g. a user subscribes to the service and data is sent when available - "push").
3. Many Message Switching Systems (MSS) already use the channels concept to organize the distribution of data. MSS could be amended to support these new data exchange methods, thereby minimising disruption to the core business of NMHS (i.e. internal, national and international data distribution). 
4. GISCs already offer a subscription service for globally exchanged data, although none use modern messaging protocols to achieve this.
5. As specified in the Manual on WIS (WMO-No. 1060) Part III. Functions of WIS: §3.5.5 Maintain a 24-hour cache - GISCs retain responsibility to operate a 24-hour cache of data within their Area of Responsibility. 
6. As specified in the Manual on WIS (WMO-No. 1060) Part I. Organization and Responsibilities, §1.7.3 - the WMO Integrated Global Data Dissemination Service (IGDDS) shall remain an important component of WIS - providing data distribution where there is no Internet connectivity using DVB-S broadcast.
During its lifetime, the GTS - a core component of WIS - has seen continual evolution; notably the establishment of managed regional networks or 'Area Meteorological Data Communication Networks' (AMDCN) using high-performance managed networks and Internet. With such networks, all nodes on the network are visible to each other: there is no longer any need to manually route data through an intermediate chain of nodes to reach an eventual destination. Instead, routeing of data is delegated to underlying network infrastructure that is able to avoid use of network segments suffering from poor performance and determine the optimal (i.e. quickest) path from the origin to destination.
The 'store and forward' data dissemination pattern, routeing data through an intermediate chain of nodes, remains central to GTS operations. Each node on the GTS operates a 'message switch' to control data flow based on static configuration of 'routeing tables' and the unique identifier ('header') of each data package ('bulletin'). Routeing tables and bulletin headers are rendered obsolete in modern telecommunications networks.
Note that many NMHS already meet bi-lateral data sharing arrangements using direct file-transfer; avoiding the need for a routeing table entry and effectively bypassing the GTS altogether (albeit often using the same underpinning telecommunications network infrastructure).

Principle 8
WIS 2.0: will adopt direct data-exchange between provider and consumer. 
BENEFIT: Faster transmission of real-time data by avoiding latency introduced by message switches at intermediate GTS nodes.



Principle 9
WIS 2.0: 	will phase out use of routeing tables and bulletin headers.
BENEFITS:	Simplified message switching operations for all Members because routeing table maintenance no longer required.
	Faster setup of new data-sharing arrangements as there is no need to wait for intermediate nodes to update their routeing table configuration.

With the elevation of Web services to a primary concern of WIS 2.0, the WIS Catalogue and the WMO Core Metadata specification[footnoteRef:18] needs to be updated.  [18:  	Manual on WIS (WMO-No. 1060), Appendix C: WMO Core Metadata Profile] 

Principle 10
WIS 2.0: 	will provide a Catalogue containing metadata that describes both data and the service(s) provided to access that data.
BENEFIT: 	Users will be able to easily find the data in WIS that interests them, locate the most convenient Web service with which to access that data, and determine how to best use that Web service to meet their needs.
Note that the update to the WIS Catalogue provides an opportunity to rationalize the catalogue content and thereby improve users' experience when searching for data. The WIS Catalogue currently contains around 150,000 records - most of which describe GTS bulletins. Searches usually return many positive matches, each of which refers to a particular bulletin, and thus presents a very fragmented way to access data. Guidance will be provided based on helping users complete common data access or usage tasks that advises data providers how to organize data for publication via Web services, and therefore how that data is described in the WIS Catalogue.  

WIS 2.0 enables data and Web services to be discovered via commercial search engines, thereby enhancing the discoverability of authoritative weather, water and climate data.
Principle 11
WIS 2.0: 	encourages data providers to publish metadata describing their data and Web services in a way that can be indexed by commercial search engines. 
BENEFIT: 	Indexing by commercial search engines will help users discover data and associated services using their preferred search engine[footnoteRef:19] rather than having to find and use a WIS portal. [19:  	As an example of how Google use schema.org structured markup to enable users to find datasets, please see the following article from Nature: "Google unveils search engine for open data" https://www.nature.com/articles/d41586-018-06201-x ] 

Note that efforts will be made to harmonize the metadata required for the revised WIS Catalogue and for indexing by commercial search engines to avoid unnecessary duplication of effort by data providers.


5.	OPERATIONS AND GOVERNANCE OF WIS 2.0
In line with current practice, WIS 2.0 remains a ‘system of systems’ comprised of the contributions from participating WIS Centres, each providing data and services required to meet the needs of WMO Members and programmes. 
Organizations wishing to participate in WIS require approval from the Permanent Representative to WMO (PR) of the country or territory from which they operate[footnoteRef:20]. Approval from the PR ensures that data and services published through WIS are authoritative.  [20:  	In the case of multi-national organizations, approval must be sought from the PR of the country or territory where the service operates from.] 

Global Information System Centres (GISC) will continue to:
1. Support WIS Centres in their Area or Responsibility to ensure (i) robust and reliable delivery of services that effectively meet the needs of WMO programmes, and (ii) that WIS Centres are able to leverage the services provided by others.
2. Operate procedures for registering data and services within WIS.
3. Collectively with other GISCs, manage the operation of WIS as a whole.
4. Deliver the core services of WIS: the WIS Catalogue, a discovery portal wherein users can search for data and services, 24-hour cache, and monitoring the operation of the WIS and its components.
National Centres (NC) and Data Collection or Production Centres (DCPC) remain the primary centres within WIS 2.0, as these are the centres that collect data, generate content and deliver services. Following approval from the PR, organizations may register their data and services within WIS via their affiliated GISC. Registration requires organizations to provide the GISC with a metadata record (or records) describing their data and service offerings. GISCs validate the submission and add the records into the WIS Catalogue. With the record(s) in the WIS Catalogue, those data and services become visible to WIS users searching for resources in every GISC portal. 
Note that registering as a WIS Centre should be regarded as a long-term commitment.
WIS Centres will be subject to initial and periodic audit to demonstrate compliance with Technical Regulation, including the Manual on WIS (WMO-No. 1060) – including the new WIS Part C: Information Management – and the provisions for Quality Management (WMO-No. 49) Volume I. Part VII[footnoteRef:21]. [21:  	Amendments to the provisions on quality management were approved by Resolution 20 (EC‑69).] 

Registration as a WIS Centre should not be restricted to NMHS and other government agencies. This will allow WMO Members to access environmental data from additional sources. In accordance with principles emerging from WMO about Public Private Engagement (PPE), WIS 2.0 should provide a level playing field for both public and private sectors to operate. WIS 2.0 will need sufficient flexibility to accommodate different business models and data licensing approaches. In all cases, WIS Centres require approval from the PR to operate.
WIS 2.0 will continue to promote free and open data sharing, encouraging the release of data and information in accordance with Resolutions 40 (Cg-XII), 25 (Cg-XIII), and 60 (Cg-17), or other open data licenses as appropriate. However, not all data will be open: WIS 2.0 will also provide access to data released under commercial or restrictive licenses.
Finally, note that WIS 2.0 does not seek to impose change on domestic or national data sharing mechanisms. Members are free to apply these mechanisms nationally if they desire, but there is no compulsion to do so.
6.	Implementation approach
The success of WIS 2.0 - and indeed the success of WIS - depends on Members' commitment to establish and operate centres in support of WMO programmes and to register them in WIS as either NCs or DCPCs. Sustainability of and funding for the centre’s operations is the concern of the host organization themselves. It is important to note that there is no ‘big funding programme’ to develop all the services required to meet WMO goals and objectives. Instead, it is anticipated that centres registered to participate in WIS will implement WIS 2.0-compliant solutions and capability (e.g. Web services, search engine integration) in line with funding availability and life-cycle refreshes of existing systems. 
How resources are made available to users is the choice of the centre providing those resources based on their understanding of user requirements and their capability / capacity to build, deploy and operate such Web services. 
Centres registered in WIS will be supported by GISCs to provide the Web services necessary to meet WMO programme requirements. Support may range from training and capacity development through to provision of hosted solutions. 
Developing NMHSs ability to build and operate Web services should become a capacity development focus for WMO.
Over time, WIS 2.0 is expected to develop into a rich ecosystem of Web services providing access to authoritative data that meets the needs of all WMO programmes. 
Note that already within the current WIS framework, there are examples where Web services are used to provide access to data and information. Similarly, many NMHS and cooperating international organizations are already working towards provision of operational services hosted within cloud environments. Web and cloud technology are already reasonably mature – but are not uniformly understood by Members.
Each of the GISCs (currently 15 in number) maintain and operate infrastructure to provide the WIS core services. The current distributed/replicated WIS Catalogue and data portal functions remain largely fit for purpose within WIS 2.0. However, the content of the WIS Catalogue will change to accommodate description of Web services in addition to data and existing information services. This change will likely affect GISCs' portal applications.
Note that operating WIS core services is a significant expense for each GISC. GISC operators are encouraged to assess how they might robustly deliver the core services more efficiently as a community of GISCs. Following the model used for the WIS Common Dashboard where only two GISCs operate the dashboard, two or more GISCs may agree to offer elements of the core services on behalf of the entire GISC community. All GISCs shall retain the coordination and capacity building functions within their Area of Responsibility. Any such consolidation of functions would require unanimous support from PRs of GISC operators. The consolidation of WIS core services among GISCs does not materially affect WIS 2.0 implementation.
GISCs are urged to reach out within their Area of Responsibility to organizations delivering operational meteorological, hydrological or marine services and to encourage them to seek approval to become a WIS Centre. GISCs will help all such service providers - from public and private sector - register their data and services within WIS.
It is crucial that WIS 2.0 implementation does not adversely disrupt operational activities. Where existing capability is to be phased out or replaced, old and new capability will be run in parallel for some period enabling Members to switch at a mutually convenient time. Switch over periods will be communicated well in advance to allow Members time for their planning. Furthermore, services will initially be deployed in a 'pre-operational' mode to allow Members to identify issues and validate that functions meet their needs.
7.	WIS 2.0 Implementation Programme
The WIS 2.0 Implementation Programme will be established to coordinate the implementation of WIS 2.0. The programme will adopt an industry-recognized approach to project, programme and portfolio management (P3M) and will setup the structures and accountabilities necessary to ensure effective governance and execution of the WIS 2.0 implementation. 
Building on experience from the original implementation of WIS, it is recommended that a Programme Office with full time staff should be established within the Secretariat to coordinate the WIS 2.0 implementation and support WIS 2.0 implementation activities.
The Programme Office will:
· Ensure that WIS 2.0 is aligned with the long-term goals and strategic objectives outlines in the WMO Strategic Plan; 
· Have responsibility for developing and monitoring a benefits framework for WIS 2.0 implementation; 
· Ensure that the resource requirements to support the implementation are understood by Members, and considered in the WMO budgeting and planning process; 
· Coordinate WIS 2.0 implementation with the different WMO Programmes, the WMO Secretariat, Regional Associations and other stakeholders; and
· Coordinate with WIS Centres seeking to register data and services within WIS 2.0[footnoteRef:22]. [22:  	Activities of individual WIS Centres will not be managed by the WIS 2.0 Implementation Programme unless by exception] 

A Technical Commission team should be established to continue the work of the Intercommission Task Team on WIS (ITT-WIS)[footnoteRef:23] to assist the Technical Commission and the Programme Office to manage the WIS 2.0 implementation. The proposed team should advise on the interests of the Regional Associations and Technical Commissions, identify the support required by Members for capacity development and implementation, provide oversight of the WIS 2.0 implementation to ensure that benefits are delivered as planned, and gather input from key organizations that are not affiliated to WMO. [23:  	ITT-WIS provides a channel for technical commission input into the operation and development of WIS. See http://www.wmo.int/pages/prog/www/CBS/Lists_WorkGroups/CBS/ICT-ISS/ITT-WIS/tors ] 

The WIS 2.0 Implementation Programme promotes and supports the role of Regional Associations in developing regional plans to support WIS 2.0 implementation.
The programme supports the implementation of WIS 2.0 as a whole, but focuses on these specific outcomes:
1. Members understand the value of WIS and are registering their datasets, information resources and Web services in WIS.
2. Updated Technical Regulation for WIS is approved for operational use.
3. Members have the technical capabilities to publish authoritative weather, water and climate data using Web services, employing cloud technology and integrating with commercial search engines as appropriate and necessary to meet their needs and requirements.
4. Industry offer solutions to support Member's effective engagement with WIS.
5. An updated WIS Catalogue is commissioned that supports users' ability to search for both information and the Web services from which to access that data.
6. GISCs have commissioned updated discovery portals that provide an improved experience for users of WIS Portals when searching for and using authoritative weather, water and climate data.
7. International exchange of real-time data among NMHS uses open standard message protocols and the publish-subscribe pattern; GTS routeing tables are decommissioned. 
A high-level activity plan and timeline for WIS 2.0 implementation are provided in Annex II: WIS 2.0 Implementation Programme activity plan and timeline. Overall, the bulk of WIS 2.0 implementation is expected to be complete by 2026.
8.	Risks
WIS 2.0 implementation, like any complex programme of activity is subject to risk. Risks will be proactively managed within the WIS 2.0 implementation Programme Office as per industry good practice. 
A full risk assessment is yet to be undertaken. Annex IV: Risks and proposed mitigation approaches lists risks (and proposed mitigations) identified to date.
9.	Next steps
As expressed in Decision 18 (EC-70), the Commission for Basic Systems (CBS) will gather feedback from Members about this Preliminary WIS 2.0 Implementation Plan. An updated version of this plan will be provided for consideration by Cg-18. 
In advance of final approval of WIS 2.0, the lead Technical Commission designated by Congress will collaborate with GISC operators to further develop the technical requirements and architecture of WIS 2.0 such that Members are able to assess indicative implementation and operating costs.
Cg-18 will be asked to authorize Executive Council to approve WIS 2.0 Implementation once this additional information has been provided for Members.

______________
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WIS Functional Architecture
The table below reviews the version 1.0 of the WIS functional architecture (left column) and provides information about the relevance of the function for WIS 2.0 (right column).
“YES” means that the function is still applicable to WIS 2.0. in RED are functions that are discontinued in WIS 2.0. in BLUE are functions that are changed or extended. in GREEN are new functions.
	Function
	WIS 2.0

	A1	Collect Observations, Generate Products, Create Metadata and Archive Information
	Yes

	A11	Collect, Generate and Archive National Information & Create Metadata
	Yes

	A111	Collect National Observations
	Yes

	A112	Check Meteorological Content of Products and Observations
	Not in scope of WIS1.0. Unchanged.

	A113	Archive
	NCs should offer access to historical data and archives if there is a national requirement to do so. (This function was out of scope for WIS1.0)

	A114	Generate National Products
	Not in scope of WIS1.0. Unchanged.

	A115	Generate Metadata
	Yes, and is extended to service metadata.

	A116	Unpack Information
	This function pertains to the message switching system. It is not applicable to WIS 2.0.

	A117	Verify Correct Telecommunication Attributes of Information
	This function pertains to the message switching system. It is not applicable to WIS 2.0.

	A12	Collect, Generate and Archive Regional, Programme-related and Specialized Information & Create Metadata
	Yes

	A121	Collect Regional, Specialized and Programme-related Observations
	Yes

	A122	Check Meteorological Content of Observations
	Not in scope of WIS1.0. Unchanged.

	A123	Archive
	DCPCs should offer access to historical data and archives if there is a programme requirement to do so. (This function was out of scope for WIS1.0)

	A124	Generate Regional, Specialized and Programme-related Products
	Not in scope of WIS1.0. Unchanged.

	A125	Generate Metadata
	Yes, and is extended to web service metadata.

	A126	Unpack Information
	This function pertains to the message switching system. It is not applicable to WIS 2.0.

	A127	Verify Correct Telecommunication Attributes of Information
	This function pertains to the message switching system. It is not applicable to WIS 2.0.

	A13	Collect and Cache Global Information
	Yes. It is proposed that the cache is not limited to “global” information.

	A131	Unpack Information
	This function pertains to the message switching system. It is not applicable to WIS 2.0.

	A132	Verify Correct Communication Attributes of Information
	This function pertains to the message switching system. It is not applicable to WIS 2.0.

	A134	Associate Information with DAR Metadata
	Yes – not limited to DAR. (needed to implement subscription) – Not limited to “global” information

	A135	Maintain and make available Cache of Global Information for 24 Hours
	Yes.

	A2	Assign User Role
	Yes

	A3	Maintain and Expose Catalogue of Services and Information
	Yes

	A31	Search DAR Metadata Catalogue
	Yes. It is proposed to retire the term “DAR” as the catalogue is a catalogue of services.

	A32	Maintain and Expose Consolidated DAR Metadata Catalogue
	Yes

	A33	Maintain Dissemination Metadata Catalogue in Accordance with Authorized Subscriptions
	Yes, but it is proposed to discontinue the synchronization of subscriptions between GISCs as this function did not prove useful in WIS 1.0. 

	A4	Authorize Access to Information by Users
	Yes

	A5	Deliver Information to Users (Internal and External)
	Yes

	A51	Schedule and Control Activities
	Yes

	A511	Derive Time-driven (synchronous) activity schedule and list of event-driven (asynchronous) activities
	Yes. The delivery of information becomes event-driven, and not time-driven. Information should be delivered as soon as available.


	A512	Monitor for Events
	Yes

	A513	Resolve any activity scheduling conflicts, reflecting relative service priorities
	Yes

	A52	Package Information for Delivery
	Yes. In WIS 2.0 the scope of this function is amended to cover ‘packaging’ data access via services e.g. determining what data should be allocated to a real-time dissemination channel or provided via a Web service end-point.

	A53	Deliver Information
	Yes

	A54	Deliver notification
	This function is required to implement a publish-subscribe pattern, as subscriber need to be notified of the availability of data.

	A55	Provide access to services
	WIS 2.0 must provide access to services, via APIs other the Web. Data download, subscriptions to data stream are both examples of services. In addition, WIS centres are encouraged to implement data reduction services (e.g. a plot)

	A6	Manage System Performance
	Yes

	A61	Non Real-time Performance Monitoring
	Yes

	A611	Analyse Traffic Trends
	Yes

	A612	Analyse Performance Against Requirements and SLAs
	Yes

	A62	Real-time Performance Monitoring
	Yes

	A621	Real-time Monitoring of the Telecommunications Network
	Yes

	A622	Real-time Monitoring of the Application Content
	Yes

	A7	Manage information
	This function was previously out of scope. It is now in scope of WIS 2.0. New provisions are being developed for inclusion in the Manual on WIS (WMO-No. 1060) – WIS Part C: Information management.

	A8	Interoperate with other information systems
	This function not only covers interoperability other information systems, but also the interoperability with the World Wide Web, e.g. insuring that WIS information is discoverable via commercial search engines.



______________
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WIS 2.0 Implementation Programme Activity Plan And Timeline
A high-level activity plan and timeline for WIS 2.0 implementation are provided below. A detailed plan will be developed following approval of WIS 2.0 implementation. The WIS 2.0 Programme Office will work in cooperation with the Regional Associations to ensure the detailed implementation plan suits local and regional needs.
Note:
1. The activities listed below do not include activities of Members to develop and operate WIS 2.0-compliant services because this is outside the scope of the WIS 2.0 Implementation Programme.
2. Responsibilities for each activity are provided in parentheses “[]”. PO = WIS 2.0 Programme Office, RA = Regional Association, CBS = Commission for Basic Systems
3. ‘CBS’ and ‘TT-eWIS’ are used to describe the required roles of a lead Technical Commission (TC) and their designated task team. It is recognized that these names are likely to change after Congress.  
* indicates activities to be completed prior to approval of WIS 2.0 implementation by Executive Council.

Activity plan
1. [CBS (TT-eWIS)]* Review and propose updates to the WIS TECHSPECS as specified in Manual on WIS (WMO-No. 1060)
2. [CBS (TT-eWIS), GISC operators]* Further develop the technical requirements and architecture of WIS 2.0 such that Members are able to assess indicative implementation and operating costs. GISC operators will be requested to provide feedback on the level of detail needed to allow for cost estimation.
3. [Secretariat] Establish WIS 2.0 Programme Office.
4. [PO, RA] The WIS 2.0 Programme Office will work with the Regional Associations to: (i) identify how to best engage and communicate with Members, (ii) raise awareness about WIS 2.0, (iii) gather and disseminate feedback on WIS 2.0 implementation progress, (iv) understand, and where possible, mitigate operational, technical, political, financial, and cultural challenges and perceived risks concerning the move to WIS 2.0, and (v) identify region-specific requirements. 
5. [PO] The WIS 2.0 Programme Office will provide regular and routine communications to Members, providing information on WIS 2.0 and its implementation, progress updates, pending activities and tasks that Members should complete.
6. [PO, Secretariat] The WIS 2.0 Programme Office will actively engage with flagship WMO initiatives to ensure that WIS 2.0 is addressing their needs and to inform them about WIS 2.0. Flagship initiatives include: seamless GDPFS, GMAS, CSIS, ODIS, WHOS phase 2.


7. [CBS, Members, Industry] 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:24] [24:  	see Resolution 23 (EC-70)] 

8. [PO, RA, Members] The WIS 2.0 Programme Office will work with the Regional Associations to (i) determine opportunities for 'demonstration projects' that will inform, evolve, validate and/or refine the concepts, solutions and implementation approach of WIS 2.0[footnoteRef:25], and (ii) coordinate information sharing about the WIS 2.0 Demonstration Projects and their outcomes. An initial tranche of Demonstration Projects with contribution from all Regions are described in Annex III: Demonstration Projects.  [25:  	Resolution 23 (EC-70) urges Members to "provide resources for development of potential solutions and feasibility studies".] 

9. [PO, CBS, RA, Regional Training Centres, GISCs] The WIS 2.0 Programme Office, in collaboration with CBS, Regional Associations and Regional Training Centres will develop skills assessments and training plans to support Members' adoption of WIS 2.0.
10. [Regional Training Centres, Secretariat, Industry] Secretariat and Regional Training Centres will coordinate delivery of training to suit regional plans for WIS 2.0 implementation. Where training relates to industry recommended practices or open standards, use of third-party training providers will be assessed. Following the model adopted for the original implementation of WIS, funding will be requested by Secretariat to supplement training activities.
11. [CBS] Review and amend Technical Regulations (WMO-No. 49), Volume 1 – specifically Annexes III and VII, the Manual on GTS (WMO-No. 386) and the Manual on WIS (WMO-No. 1060) . 
12. [CBS] Publish Guidelines explaining how to implement core technical concepts of WIS 2.0.
13. [GISCs, Members] Amendments to the WIS Catalogue and discovery portal in accordance with new Technical Regulation on metadata. GISCs will support their affiliated centres in migrating their data and services to the new WIS 2.0 Catalogue, rationalising as appropriate. 
14. [PO, RA, GISCs, Members] In cooperation with the Regional Associations, the WIS 2.0 Programme Office will work with GISCs and Members to identify when data and Web services will be ready for registration in WIS. The WIS 2.0 Programme Office will create a roadmap for availability of these services and provide regular communication to Members regarding progress regarding successful deployments. GISCs will advise Members on how to organize their data and Web services to provide an optimum search experience for users of the GISC portal. 
15. [CBS, Industry] To streamline the transition to WIS 2.0 and reduce the impact of change to Members, CBS will work with HMEI to engage industry in the provision of WIS 2.0-compatible solutions and services. For example, with vendors of message switching systems (MSS) to implement the new data exchange protocols within their products. 


16. [PO, RA, CBS, GISCs] Regional Associations establish plans to transition to new real-time messaging protocols. GISCs lead the technical migration, with routeing table configuration items being removed as WIS Centres successfully migrate to the new messaging protocols. It is likely that timescales for migration at individual WIS Centres will be tied to lifecycle updates for systems and/or availability of funding. As the migration progresses, the routeing tables will gradually reduce in size until the final entries are removed. The WIS 2.0 Programme Office keeping track of the overall migration.
17. [PO, CBS, GISCs] CBS, in cooperation with GISCs, will identify good practices relating to: (i) implementation and operation of Web services, real-time data distribution and cloud technology, and (ii) integration with commercial search engines. The WIS 2.0 Programme Office will curate these recommendations and make them available to all Members. 
18. [PO, Secretariat, RA] The WIS 2.0 Programme Office, in cooperation with Regional Associations and the Secretariat will seek funding sources to support WIS 2.0 implementation in Least Developed Countries (LDC) and Small Island Developing States (SIDS). Possible funding sources include the Green Climate Fund and the HydroMet Development Alliance.
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Timeline and milestones
	Activity
	2019
	2020
	2021
	2022
	2023
	2024
	2025
	2026
	…
	2030

	-
	WIS 2.0 approach endorsed by Cg-18
	WIS 2.0 implementation approved by EC‑72
	
	
	
	
	
	
	
	

	1
	
	WIS 2.0 technical architecture and amended TECHSPECs provided to Members
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	

	3
	
	WIS 2.0 Programme Office established
	
	
	
	
	
	
	
	

	4
	
	Communication plan for WIS 2.0 implementation published to Members
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	

	7
	CBS determine how and where industry should be engaged to support WIS 2.0 implementation
	
	
	
	
	
	
	
	
	

	8
	Demonstration projects (2019 – 2024)
	
	
	
	

	9
	
	
	
	
	WIS 2.0 training plans in place for all Regions
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	

	11
	CBS expert teams established with terms of reference to support WIS 2.0
	
	WIS 2.0 Technical Regulation (message protocols, metadata specifications etc.) approved with ‘Experimental Status’
	
	WIS 2.0 Technical Regulation (message protocols, metadata specifications etc.) approved with ‘Operational Status’
	
	
	
	
	

	12
	
	
	
	
	Guidelines for WIS 2.0 implementation published
	
	
	
	
	

	13
	
	
	Subset of GISCs offer updated WIS Catalogue to support registration of ‘experimental’ services
	
	GISCs confirm procedures for registering services in WIS 2.0
	Operational WIS 2.0 Catalogue and portal provided by GISCs

Old WIS DAR Catalogue ‘frozen’
	
	Original WIS DAR Catalogue migrated

Rationalized set of data and services migrated from original WIS to WIS 2.0 (excluding outstanding real-time data)
	
	

	14
	
	
	
	
	
	WIS Centres begin to register operational Web services in WIS 2.0 Catalogue
	
	
	
	

	15
	
	
	
	
	MSS solutions implementing new message protocols available from industry
	
	
	
	
	

	16
	
	
	Real-time data dissemination with new message protocols used for ‘experimental’ data exchange between WIS Centres
	
	
	Members operating GISCs have implemented new message protocols – ready to support migration in their AoR

Inter-GISC communications use new message protocols
	
	70% of GTS routeing table configuration items migrated – real-time data dissemination moved to new message protocols

GISCs provide service(s) to support discovery of real-time data from WIS Centres in their AoR that are yet to migrate to new message protocols
	
	Migration to use of new message protocols complete – all GTS routeing table configuration items migrated and use of routeing tables deprecated

	17
	
	Begin publishing recommended practices and details of exemplar implementations relating to WIS 2.0 technologies
	
	
	
	
	
	
	
	

	18
	
	
	
	
	
	Funding options identified to support WIS 2.0 adoption in LDC and SIDS
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Demonstration Projects
Demonstration Projects will be used to inform, evolve, validate and/or refine the concepts, solutions and implementation approach of WIS 2.0 – and also to demonstrate some of the key benefits that WIS 2.0 will bring to the meteorological community. 
An initial tranche of demonstration projects have been identified – at least one for each Region. Demonstration projects will run through to end 2024.
Note that at the time of writing this draft for consultation with Members, TT-eWIS are in the progress of finalising the details of the demonstration projects. Details – including a short summary of the project, timelines, and a ‘scorecard’ indicating the WIS 2.0 technical changes that it supports – will be provided in the version provided for consideration by Cg-18.


______________
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Risks And Proposed Mitigation Approaches
Risk management is an ongoing process that needs to be followed during the file of the WIS 2.0 programme. The WIS 2.0 Programme Office will follow the WMO Risk Management Policy to identify and manage risks associated to the implementation of WIS 2.0. 
Risks identified to date and their proposed mitigation approaches are listed in the table below. Many more risks will be identified once a better understanding of the implementation plan and its constituent activities have been achieved.

	Risk
	Proposed mitigation

	Unknown or excessive cost of implementation or operation

	Costs for use of services hosted in commercial cloud environments, and future predictability of those costs, may prohibit participation of some Members; e.g. compute costs, data egress costs.
	Investigate whether WMO can work with commercial cloud vendors to develop a tariff structure for use of cloud services in support of public safety operations.

	Additional costs are required to interoperate / integrate with ICAO System Wide Information Management (SWIM) because the technical and policy specifications for ICAO SWIM remain largely unknown.
	Through the Commission for Aeronautical Meteorology (CAeM), engage closely with the ICAO Meteorology Panel (METP).

	Incomplete adoption

	Some Members perceive that the costs of migrating to WIS 2.0 are not sufficiently offset by the benefits.
	WIS 2.0 will support a wide range of commonly used open standards; Members should be able to register the services they have created for their domestic needs, or re-use the technology patterns they are familiar with, and thereby leverage their existing investments.

Application of proven approaches to help on-board participants.

Reaffirm GISC role to provide capacity building and supporting WIS Centres in their Area of Responsibility.

GISCs to proactively engage with Members in their Area of Responsibility to encourage registration of data and Web services in WIS.

	Introduction of new and unfamiliar technology prevents some Members from effectively participating in WIS 2.0.
	Develop (and fund) a training programme to address the skills gap.

	Members are resistant to change, citing their previous investments in WIS.
	Where possible, adopt an evolutionary approach; where components registered in the current WIS framework can be migrated to WIS 2.0.
 
Else, clearly articulate the benefits of the change.

	Technical Commissions, Regional Associations and Members do not understand what is required of them, or are unwilling to commit resources, leading to gaps in the WIS 2.0 implementation.
	The WIS 2.0 Programme Office will prioritize communication and outreach activities. 

	Lack of basic infrastructure or knowledge

	Lack of adequate Internet connectivity in developing countries prevents Members from effectively exploiting using the proposed real-time distribution services or other cloud-hosted services.
	Assess Internet connectivity using pilot projects; work with Development Banks / World Bank and other NGOs to develop the necessary infrastructure.

	Cloud platforms are not globally accessible – due to technical, political or legal reasons.
	Assess cloud platform accessibility using pilot projects; work with commercial cloud vendors to address issues arising.

	Members do not have the knowledge necessary to implement Web services (etc.) for registration in WIS 2.0.
	Members are encourage to establish and participate in WIS 2.0 Demonstration Projects - engaging partners across NMHS, academia, research institutions and the private sector. Knowledge, technology and expertise created from these projects should be shared openly.

	Operational disruption

	Adoption of new real-time data distribution mechanisms inhibits or disrupts the flow of real-time observations required for the World Weather Watch programme.
	Operate old and new data distribute mechanisms in parallel, gradually removing items from routeing table configurations as NMHS migrate to the new protocols. GISCs should take lead responsibility for this protocol within their Area of Responsibility.

Provide guidance to Members on (i) how to categorize data for publication in a single channel, and (ii) how to organize channels to best support priority delivery of urgent messages. 

	WMO systems support many high profile and safety critical activities - such as the preparation and distribution of warnings. Failures in new systems could lead to critical information not reaching the right place at the right time.
	Undertake rigorous validation and commissioning of the new service.

	Change to real-time data distribution method forces breaking change that Members are unable to accommodate.
	Work with MSS vendors and others to develop software solutions that streamline this change.

	Routinely exchanged data that is late or missing cannot be effectively tracked because the expected data delivery schedule, as specified in the MSS routeing tables, is no longer available.
	Ensure that metadata in the WIS Catalogue contains information about the expected delivery schedule. MSS should be able to ingest this information.

	Data provided by WIS Centres that use different cloud platforms cannot be easily combined or used in a single analysis. 
	Develop and provide guidance for WIS Centres using cloud technologies ensuring that computational tasks can be shared across multiple cloud platforms, thereby leaving the 'big data' in situ. 

	Data and information provided by WIS Centres via Internet-accessible Web services is tampered with – leading to disrupted operations in the short term and subsequent lack of trust in ‘authoritative’ WIS 2.0 services. 
	WIS 2.0 services should adopt recommended practices relating to cyber security to ensure that their operation is not impacted by malicious activity nor the data they expose changed without authorization.

	Ineffective policy

	In the event that WIS reuses technology or solutions from a third party, license to use those technologies or solutions may be withdrawn.
	Promote the use of open source licenses; otherwise, negotiate a license with a perpetual use clause.

Ensure that an ‘exit strategy’ is in place before becoming dependent on a third-party solution.

	Lack of resources to manage and execute WIS 2.0 implementation

	Insufficient resources are available to plan and coordinate the complex set of activities that comprise the WIS 2.0 implementation programme. 
	Within Secretariat, fund a Programme Office with a full-time, highly competent programme manager.

	Successful implementation of WIS 2.0 will require the participation of experts from all Regional Associations.
	The WIS 2.0 implementation team should operate as a virtual team, coordinated by the WIS 2.0 Programme Office.




______________
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