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Parking slot (SB): relevant data issues noted at EC Aviation Dialogue
· Where operationally relevant, how to safeguard that users (eg flight planning) are working with same/consistent set of data (when it becomes so much easier to modify, correct, quality assure etc data dynamically)
· Consistency of real-time and NFT products, changes to data (quality control, calibration, etc) across boundaries 
· Best data vs best-possible data vs consistent data – and impact of decision-support systems
· False impressions that digital products have an aura of perfection, that uncertainty is masked and implies they are necessarily 'correct' 
 

[bookmark: _Toc482027561][bookmark: _Toc482169280]1.	Big data analytics
Note:  In the below, I have chosen to interpret "analytics" quite widely to be the use of a variety of data science techniques (and underpinning technology) to derive additional insight about a volume of data.  Whilst, formally, terms like machine learning, data science and analytics have distinct meanings, here I've tended to use them more informally as pseudo-synonyms.

	Big data analytics
Aspect
	Requirements
	Observe
	Process/
Analyze
 
	Distribute
	Use/Eval
	Archive/
Preservation
 
	Impact/
Outcomes
on users

	Issues
	
	 
	Due to the lowered technical barrier (see opportunity / threat below), a larger number of players may start producing data (volume) leading to a problem of who to trust (veracity) and where to get the official and authoritative forecasts and warnings (validity).	Comment by ADF: Default weather forecasts provided on mobile phone, for instance, are likely not from NMHSs.
	 
	 
	If increased use is made of data science techniques, what are the items that we need to preserve?  Should we simply be archiving the outputs of the analytics or do we also need to keep all of the data and algorithms used to produce them?  Is the latter even practical?
	 

	Identified in the essays by Presidents of Technical Commissions
	
	 
	 
	 
	 
	 
	

	Identified from other sources
	
	 
	 
	 
	 
	 
	

	Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	
	 
	 
	 
	 
	 
	

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	
	(O) Machine learning techniques could offer new approaches to the quality control of observations. (e.g. an ingest system "learns" about biases and can spot them)
	 (S) WMO members have established reliable approaches for deriving useful information from the data collected.  These have tended to focus (although not exclusively) on physics-based modelling rather than the data science techniques that focus more on the data and less on the evolution rules it must follow. 
	 (O/T) Potential to share data will not be realized unless Members adopt standards-based interoperability 
	(O) There is an increasing trend in getting feedback from users both explicitly (in terms of them giving "star ratings" or "thumbs up / thumbs down") and implicitly (by measuring what they are looking at / taking / talking about).  This provides a whole new wealth of data that could be used to tailor the delivery of services
	 (T) A first step is to collate the data effectively, and surveys show that nearly 40% of Members do not have effective climate data management systems. Much data also remains locked up in inaccessible hard copy forms, therefore historical analyses will be incomplete
	(O/T) As so many of these techniques are not yet tried and tested, it is not clear if they will benefit an end user or not.
(O) Ability to auto-generate tailored data and products for users based on implied preferences.

	
	
	(O) Such techniques could also offer new opportunities in the management & maintenance of observations networks.  For example, a system may start to identify patterns that indicate failures are likely in a particular set of sensors.
	 (W) These organisations can be slow to change to respond to new drivers.  Technology is moving faster than they are able to.
	 
	 
	
	

	
	
	(T) Whilst the potential opportunities are great, it is not necessarily an area in which NMHSs have traditionally operated.  The techniques themselves are not necessarily new but the technology to make wide use of them is still relatively new.  There is a threat that there are a number of "dead ends" that haven't yet been identified and could absorb much investment and time.
	 (O&T) Public cloud is lowering the technical bar for applying new data science techniques and may also become a potential way for connecting across domains for realizing new capabilities.  This is an opportunity for existing players but also a threat as it allows much easier access for non-members into the domain who may have other agendas  and not wish to follow the same standards
	 
	 
	
	

	
	
	(O&T) There is the potential for data science techniques to be applied to social networks (e.g. noticing when people start talking about snowfall) to gain "crowd sourced" observations.  However, the ready access to such information could be used by others with different agendas.
	(O) New techniques around machine learning (as opposed to physics-based modelling) could offer whole new ways to make sense of the abundance of data.  In practice, it is likely that some hybrid of the two will be useful.
	 
	(O) There is also the potential for getting feedback from the public on NMHS’s service on social media. e.g. by analyzing number of “thumb up” against the number of “thumb down” to social media post.
	
	

	
	
	(W) Production systems are built around well-specified data, and may be less able to cope with inferred information that may, or may not, be relevant/representative.
	(T) New competitors from outside of the traditional meteorological domain can (and are) use these techniques to provide forecast services.
	 (T) Global players (not necessarily MET providers) have better avenues (e.g. aggregation of data on search engines) to provide worldwide MET services based on big data while individual NMHS still provides ‘local’ service, making the latter less competitive and marginalized. 

	 
	
	

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).	Comment by ADF: Any need to do separate PESTLE analysis.  Can these be merged into SWOT analysis?
	
	(T) Increased proliferation of embedded devices with some form of “measuring” capability, including those from mobile phones, wearable devices, IoT, etc.
	(P / L) Analytics / machine learning techniques may blend together data from a variety of sources in a way where it is not easy to see who contributed what.  If services are built upon this, this could lead to arguments over IPR or where one state is seen as using the resources of another to "get ahead".
Potentially leads to erosion of trust.
	(S) Expectations of users for personalised / specific information is increasing
	(S) Expectations of users for personalised / specific information is increasing
	 
	 

	
	
	(S / L) Concerns over privacy and people being tracked via their device 

(L) Lack of regulation to govern the accuracy/quality of emerging products developed from big data.
	
	 
	(S) People are getting more used to delivering feedback on services provided to them (e.g. ratings on Netflix / Amazon)
	
	

	Stakeholders
	
	 
	 
	 
	 
	 
	 






[bookmark: _Toc482027562][bookmark: _Toc482169281]2.	Emerging Commercial Services
DEFINITION:  Products or services in the weather, water, or climate domains provided by profit-making entities 

Includes: private forecast services, commercial arms of NMHSs, commercial media, emerging non-traditional players (social media, big data analytics, global model operators)
Excludes: observations (addressed in ‘Commercially-Sourced Data’ theme)



	Emerging commercial services
Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	notes/ thoughts
	public sector + private sector requirements
meet+ exceed traditional NMHS req’ts
specialized requirements
novel requirements
	
	· 
	
	
	
	

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Source of requirements  - private sector will prioritize commercial/profit-making applications vs public good 
– e.g., focus on interests of paying customers to the potential exclusion of LDCs, Sustainable Development Goals, etc 
private sector more agile in development of innovative products
WMO/NMHS mandates and standards may not be considered in defining  requirements
	
Addressed in ‘Commercially-Sourced Data’ theme
	Volume/Velocity:
private sector infrastructure (and capital) outpacing public capacity (high-performance computing, storage, telecom bandwidth)
public sector in general has lower agility than private sector to adapt/innovate to new large volume/velocity opportunities (e.g., new data analytics, fusion with non-Wx data and proprietary data (e.g. social media, traffic data, health data), artificial intelligence)
Volatility: 
reliability/sustainability of services subject to business conditions
dependency on commercial services for public operations could result in loss of service, cost risks, long-term loss of expertise
Veracity/Validity 
commercial models and products optimized for commercial interests vs public good
transparency and scientific validation of proprietary products may not be possible
unknown quality assurance in fully-automated processing approaches
confusion over authoritative source (esp non-standard thresholds for public safety alerts)
Perceived cost-effectiveness of turn-key automated commercial services may weaken role and support for NMHS 
Local geographic validity of automated global processing – lack of (or poorly informed) local interpretations

	Volume/Velocity:
NMHSs unable to support growing infrastructure costs for big data products (new data sources + supporting  open data policies)
Veracity:
inaccurate or inappropriate information distributed through non-NMHS sources 
confusion over authoritative source (forecast quality + especially public safety alerts)
emergence of rumours (disguise as official information via social media)
Volatility: 
reliability/sustainability of services subject to business conditions
dependency on commercial services for public operations could result in loss of service, cost risks, long-term loss of expertise
Proliferation of non-standard or proprietary product formats and delivery channels
imposes additional IM/IT burden on users for data exchange and ingest (incl. NMHSs)
Proprietary/commercial products may have restrictions on exchange among WMO Members 
	Volume/Velocity:
technical: users unable to receive/ ingest large data products
utility: users unable to interpret/use large data products
Veracity:
unclear source of commercial product information (repackage of NMHS, private models, forecaster value-added)
automated global products lack local interpretation 
automated global products lack accountability
Proprietary formats may require use of proprietary tools
Proprietary products may have restrictions on use and redistribution
transparency of methods and scientific validity of proprietary products may not be possible
commercial motivation may pressure adoption of unvalidated/ unproven products by some users 
	Veracity/Volatility:
commercial suppliers may not preserve input data and products for scientific or legal 

Volume/Velocity:
NMHSs unable to support growing infrastructure costs for big data preservation and access

	 

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	Strengths
Science and operational expertise to assess the scientific validity of requirements
Recognized body for global coordination of requirements

Weaknesses
low experience and capacity in emerging data analytics and media 
limited capacity and/or constrained mandate to engage with non-traditional users on requirements

Opportunities
NMHS/WMO may be potential customers and may influence reqm’ts
WMO/NMHSs may influence requirements of global development agencies to favour pubic good, LDCs etc
New unforeseen requirements that benefit WMO/NMHS programmes will emerge from experience with new data sources and processing 


Threats 
WMO standards not met
WMO standards weakened to meet commercial priorities
‘requirements’ and new products are driven by data availability and processing techniques vs user needs - in order to monetize sunk investments
Easy access to commercial services (e.g. those default weather forecast on mobile platforms) greatly reduces the visibility of and people’s reliance on NMHS, potentially compromising DRR / emergency response actions during disasters.
	 
	Strengths
Strong and recognized science and operational expertise in processing for atmos/hydro/climate applications
Principles and operations of an international-coordinated GDPFS are well established and functioning
Non-proprietary methodologies open to scrutiny and validation





Weaknesses
Limited/reducing agility to respond to new opportunities due to, e.g.:
 public funding constraints/ reductions
workforce skillsets and demographics
Limited and/or constrained capacity to address requirements outside NMHS core mandates 

Opportunities
New information and products that benefit WMO/NMHS programmes will emerge from new data and analytics 
Private sector investment in infrastructure and analytics can be leveraged to meet or advance WMO/NMHS interests; e.g.;
commercial cloud computing may offer savings and agility  vs. government owned/ operated infrastructure
commercial investment in new analytics techniques may enable or accelerate the emergence of new products, especially related to non-traditional data
opportunity to engage, influence and enable  the activities of analytics developers to focus on weather, water, climate applications

Threats 
perceived cost-effectiveness of turn-key automated commercial services may weaken role and support for NMHS 
establishment of global modelling capability outside WMO GDPFS reduces business case for sustained pubic investment in productions capability
role of public NMHS and global public GDPFS
threat to science/model development; private sector science is less robust; focussed on profit customers vs public mandates
local interpretations
private sector more agile in infrax/innovation, less stable for long-term core science

	Strengths
Operational  WMO data discovery and data exchange formats and systems
Existing NMHS channels to authoritative Emergency Measures Offices for public safety products	Comment by CMSHUN: Better to use generic terms like DRR / civil defense authorities?
NMHS authoritative information and brand recognition






Weaknesses
NMHS information often not as timely as other sources (Twitter, CNN)

Relatively limited reach of NMHS delivery channels
Insufficient NMHSs capacity and expertise to adapt to rapidly changing mobile and media technologies

Opportunities
more rapid deployment of new distribution channels (especially rapidly evolving mobile and social media) leading to  improved delivery of information and services to diverse user communities  
Threats 
Distribution of public good products is constrained by restrictive licencing
Erosion of visibility of NMHSs as national authority 
Lost revenue opportunities for NMHS commercial arms 
 Potential commercial competition with NMHSs might make countries, especially developing countries, even less likely to share their historical climate data openly, thereby perpetuating the problem of inadequate data for climate modelling applications, adaptation studies etc 
	Strengths
Authoritative operational and science expertise for new product validation
e.g., existing/established performance and forecast verification programs
Existing NMHS relationships  with authoritative Emergency Measures Offices and others to assist integration/ validation new products	Comment by CMSHUN: Ditto


Weaknesses
Capacity across NMHSs to use or validate non-traditional products sources varied widely
Scientific scepticism of non-traditional methods - can resist/delay new product acceptance


Opportunities
Early engagement with developers could influence product specifications and quality


Threats 
Popularity of commercial products and possibly lower expectation/requirements by users on the accuracy of commercial products so long as they are conveniently available (viz. “good enough”) may greatly reduce the users’ reliance on official products from NMHSs.
	Strengths

Weaknesses

Opportunities

Threats 
 
	Strengths

Weaknesses

Opportunities

Threats 
 

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	
	 
	 
	 
	 
	 
	 

	Stakeholders
	WMO/NMHSs
· requirements definition for product/service contracts from private sector
· influence national/ international programs to adopt relevant standards
Global development agencies

	 
	 
	 
	 
	 
	 




[bookmark: _Toc482027563]Questions:
· 5 Vs – clarity required – ‘variety’? ‘value’?
· where do CNN, BBC, Accuwearther, WxUnderground, etc get their forecasts
· e.g., extractions only, private models, forecaster value-added

[bookmark: _Toc482027564]List below - Relevant issues extracted from TC Essays.

CBS 
· cloud computing has matured and is increasingly used; US companies lead the market (Amazon, Google, others…)
· difficult to move data to the processing; move analysis, processing and visualization to the data
· strict/slow gov’t procurement slows ability to react; encourages looking at private sector
· security – all systems will be penetrated
· verification – need proof of validity and value of services

JCOMM
· there is a role for the private sector – will result in unavoidable completion with NMHSs
· focus on conversion to useful information for end users; access through Apps, APIs, etc
· need for proper data sharing and quality control mechanisms. 
·  Private sector will be able to set and standards – historically the role of gov’ts
· need to explore public-private partnerships
· impact w
CAS
· increasing emphasis/growth in downstream from NWP models/post-processing; supported by supplemental, non-traditional observations from non-NMHS sources - e.g. road, aviation, energy, other specialized communities, etc
· community, open-source apps supported by volunteer, citizen, or other big data of opportunity
· existing commercial analytics services and custom products –e.g.,weatehranalytics.com; Panasonic (aviation), Google Earth Engine
· data volume and variety offers new opportunities for new products/services 
· increasing model resolution, bid data = technology hurdles
· WMO TC structure cumbersome for agile response – need to cut across boundaries
· threats: 
· WMO and NMHSs are complex, slow moving vs. rapidly changing technologies; unable to keep pace
· open data polices will be challenged by commercial entities
· closed, legacy WMO systems a barrier to change vs open software and science
· lack of transparent methodologies and quality processes, open products  
· expected high growth in private sector
· promote ‘science of service’ paradigm for WMO/NMHSs
CIMO
· novel ‘strange attractor’ predictability from large archives diverse data – e.g., radar, thunderstorms, prcip; for fore/nowcasting, climatology, verification
· hail retrieval algorithms (focus on novel app for citizen ground truthing) 
· no specifics on emerging commercial services
CHy
· migration from desktop computing to continental-scale applications
· no specifics on emerging commercial services
CCl
· focus on tiers of observations, external sources, quality/suitability for climate
· no specifics on emerging commercial services
CAgM
· crucial issue is better use of long-range forecasts under climate variability for food security and sustainable agri
· focus on public instituions/organisations – national polices vs. private sector
· several targeted R+D projects identified – no specific role of private sector
CAeM
· focus on new observation sources
· free low-cost analytics-based forecast services will meet some user requirements and will challenge NMHS credibility on product and price
· recommends science evaluation of correlation-based forecast services
· establish partnership with big data research community – e.g. flight delays due to high-impact weather
· build and re-enforce quality of NMHS services


[bookmark: _Toc482027565][bookmark: _Toc482169282]3.	Commercially Sourced Data




	Commercially sourced data
Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	- in a cost-pressured and contested environment, governments are increasingly turning to the private sector to deliver observational data
	- Increasing private sector activity and commercialisation of data streams 
	 - private sector agents may vertically integrate along the value chain where they have access to a unique data stream
	 
	- rather than sell their data, some operators may vertically integrate to generate their own commercial products 
	 
	 - increased choice in the market, potentially leading to some confusion and erosion of the authoritative voice of NMHSs

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	(T) licensing agreements with commercial providers will override WMO Resolution 40, potentially undermining the free exchange of data

(T) Lack of experience in intellectual property negotiations might result in licences that are too restrictive to allow the information to be used as intended.

(T) Negotiations on supply have to cover exit strategies (changing suppliers or returning to providing the service from the NMHS) and provisions to ensure the ongoing affordability of the services.
(S) Potential to be more agile and responsive to meeting new requirements for data.
(O) To source data from multiple providers (commercial, public) to meet needs more cost effectively
	 (S) NMHSs have significant investments in observing infrastructure
(W) NMHSs often lack the agility to adapt to and adopt new technology
(O) data purchases can be a cost-effective way of gathering observations where the costs can be spread across multiple users
(O) higher granularity of observations in areas where NMHS have few conventional  observing sites can increase the accuracy and verification of forecast/seasonal prediction products
(T) Potentially lose core skill base in NMHSs if investment in own operating infrastructure and systems is reduced (observing, inspecting, QC);
(T) Resources for long term investment in observing infrastructure will be reduced, exposing risks in continuity of data 
(T) Provision of technologies with no commitment to support them sustainably (e.g., set and forget low-cost AWS) may undermine WMO’s own strategies to encourage voluntary observations
 (S) NMHSs implementing QMS would ensure quality of data collected.

	 (W) commercially sourced data may not have the provenance or traceability expected, reducing its utility for climate and NWP work.
(W) data may not be available in standard WMO-compatible formats, which would limit assimilation and/or integration;

	 (W) cost  to distribute/ access
(W) availability not guaranteed over the long-term and/or if supplier chooses to stop or change service
(W) Private sector may even choose to keep new data to their own use, blocking accessibility to such data by NMHSs.
	 (T) commercially generated data may not have the same quality and controls as data generated by NMHSs. 
(T) Data policies of providers might contaminate products and the ability to use and distribute them.
	(T) where commercial data replaces NMHS-generated data, the long term preservation of the climate record may be threatened.
(W) Unless data (and metadata) are reliably archived in NMHS databases, ability to re-use, and establish provenance of derived products, may be adversely affected. 
	(T) Lack of certainty / confidence in availability, provenance of data;
(O) Increased choice;
(O) Speed to market of new sources, suppliers
(T) Commercially sourced satellite data could be a negative game changer for NWP if buyers unable to share;
(O) Commercially sourced satellite data could be a positive game changer for NWP if buyers able to freely share;

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	(P) economic and ideological concerns are pushing some governments toward private operators for observing networks

(E) After suppliers have captured markets with attractive pricing and dependence on those suppliers increases, the costs may rise.
	 (T) new technology is reducing the cost of entry into observing networks and providing ways to leverage existing sensor networks

	 
	 (T) advances in communications are rapidly making the collection of data from remote locations more affordable
	 (L) IPR/licensing may limit access / use / sharing of data
	 
	 

	Stakeholders
	
	 
	 
	 
	 
	 
	 





[bookmark: _Toc482169283]4.	Data volumes


	Data Volumes

Aspect
	Requirements
	Observe
	Process/
Analyze
 
	Distribute
	Use/Eval
	Archive/
Preservation
 
	Impact/
Outcomes
on users

	Issues
	
	Volumes are likely to increase but the laws of physics place a bound on how quickly this data can be transferred – leads to a latency between data being captured and being available.
	As technology and research yield new techniques for processing data, there is going to be a tendency to produce greater volumes “because we can” (For example, Met Office model resolutions increasing).
	(Volume and velocity) Given the increasingly frequent availability of larger sets of data and increased use of ensembles, latency will become a problem in getting the data to consumers quickly enough using traditional methods.  For example, the Met Office anticipates that just a set of "standard" parameters for its 4 main models will be in excess of 10TB per 24 hours.  This will require increased bandwidth both for the supplier and the eventual consumer.
	There is overlap here with the issues in the Distribute column.  Increasingly, users / consumers will expect personalised / specific content (e.g. weather for the location where they are rather than the nearest grid point)
	As volumes increase, clearly storage becomes more of an issue but, equally if not more so, so does discovery of what data is held and being able to restore it.  As technologies go end of life, the challenges of continuing to migrate a historical record to new platforms will become more and more challenging.
	

	Identified in the essays by Presidents of Technical Commissions
	
	Veracity could be a problem with the spread of personal / non-traditional observing platforms (see threat below)
	Furthermore, these processes (e.g. NWP models – for example Met Office models now running hourly) may run increasingly often yielding data much more regularly (and rendering old data out of date) – velocity.
	Increased access to technology and user expectation will tempt consumers to want to solve more advanced problems for their users which will require them to still have access to large chunks of data.  Simply offering web services allowing selective access to data will not be sufficient in the longer term.  We will need to start to think about the concept of "bring the problem to the data" where consumers are supplying the algorithms that they want to run to the custodians of the data rather than distributing the data to whoever wants it. This will greatly reduce data movement and copies across networks potentially resulting in improved timeliness of weather products/services.
However, custodians of data will then have to take up higher responsibilities in generating products based on consumer-supplied algorithms.	Comment by ADF: Presume mainly NWP and satellite data
	 
	 
	

	Identified from other sources
	
	 How much data is really needed? “Fit for purpose” as opposed to “all data that are available”.
	Due to the lowered technical barrier (see opportunity / threat below), a larger number of players may start producing data leading to a problem of who to trust (veracity) and where to get the official and authoritative forecasts and warnings (validity).	Comment by ADF: Default weather forecasts provided on mobile phone, for instance, are likely not from NMHSs.
	
	 
	 
	

	Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	
	 
	 
	 
	 Guidance will need to be developed on the pro’s and con’s of utilizing the Cloud for both data archival and processing.
	 
	

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	
	(O) Increased proliferation of devices offers a much broader set of source data (including those from mobile phone, wearable devices, IoT, etc.),  to draw from including potentially better coverage of traditionally sparse areas
	(S) WMO members have established reliable approaches for processing current volumes of data
	(T) Existing global connectivity may not be sufficient to share data in the same way in the future, particularly for un-structured big data. 
	
	
	

	
	
	(T) It will be much harder to confirm quality of the data from personal devices / people who want to deliver manipulated data to drive their own agenda (e.g. around climate change).
	(W) NMHSs can be slow to change to respond to new drivers.  Technology is moving faster than they are able to.
T) Larger data volumes require increasingly automated quality checking processes, increasing risk of errors or false positives, and tending to screen out valid extremes.
	(O) The request / response paradigm championed by the World Wide Web does present opportunities for allowing people to interact with the data in different ways without having to download it all.
	
	
	

	
	
	 
	(O&T) Public cloud is lowering the technical bar for processing and analysing large quantities of data quickly.  This is an opportunity for existing players but also a threat as it allows much easier access for non-members into the domain who may have other agendas  and not wish to follow the same standards
	 
	
	
	

	
	
	 
	(O) New techniques around machine learning could offer whole new ways to make sense of the abundance of observed data
	 
	
	
	

	
	
	
	(T) How decide which data to receive/store/process as the volumes increase
(T) how to handle large data volumes during business recovery (backup) situations?
	
	
	
	

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).
	
	(T) Increased proliferation of embedded devices (e.g. mobile phone, wearable devices, IoT) with some form of “measuring” capability
	
	(S) Expectations of users for personalised / specific information is increasing
	(S) Expectations of users for personalised / specific information is increasing
	
	(E/S/T) Positive outcome is better-quality and better-tailored products from higher resolution in space and time, especially important in severe weather warning contexts.

	
	
	(S / L) Concerns over privacy and people being tracked via their device 

(S) Perception that “data are there, so they must be good” (Threat to quality sources)

(S) Perception that “computer fed by big data are superior than human” (e.g. Alpha Go, self-driving cars, etc) and so any weather forecast must be accurate. (Threat to expectation management of weather services)
	
	
	(P/E) If the costs of distributing data everywhere are going to be prohibitive, consumers will need to move their processing / algorithms close to where the data is located (so called data gravity).  This means that the large, popular suppliers could decide, for example, which cloud platforms consumers will have to use rather than giving them a free choice.
 (E/T) Computer processing techniques and processing capacity will need to continue to evolve to keep up with higher temporal and spatial resolution of the data. This may result in additional ICT costs for NMHSs
	
	

	Stakeholders
	
	
	
	
	
	
	





[bookmark: _Toc482169284]5.	Internet of Things

By 2020, many new types of device will be connected to the internet (“things”), some of which will be of strong interest for NMHS, providing opportunities to get new observations but also to deliver meteorological information. IoT data may allow NMHS to improve observation products and forecasts but also to develop new services integrating validated/corrected observation produced by IoT (Internet of Things). Taking into account the multiplicity in skills and infrastructure necessary to properly exploit those connected Things, NMHS will have to build partnership in order to follow the development of IoT. 

Streamlined environmental/system/performance monitoring; maintenance diagnostics; remote update and repair


	Internet of Things

Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Verify data,  network and captors  quality 
Define real-time control strategy for IoT data.
	 Personal weather stations offer a greater density than the traditional observing network.
Volume are likely to increase.
Veracity will be an issue.
	 Pre-processing : Issues of Control and quality of the measure.
More data to process / analyse.
Need of an IoT platform to collect data measured by the Things and send information to those Things
Potential improvement in forecast and alert products
	 Dissemination of meteorological information through the Things need to support new telecom technologies.
Personalized information provided to the users of the Things through dedicated services.
	 Local data could be very useful in urban (or high populated) area but need new processing capacities.
	 
	 

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	NMHS should not miss this new sector of activities. New now forecast services are already offered by the private sector who acquire and use these new source of data
	(O)  more and more Things with captors and measuring facilities
(O)  access to an increased number of observation and data  through partnership with global IoT players
(O)  NMHS have a key role to play in the exploitation of those data has they usually operate a high quality  observation network 
(T)  quality of the measured data
(W) absence of contextual metadata
	(O)  cloud technologies to develop an IoT platform and aggregate meteorological information
(O)  machine learning will offer new way to process/analyse this large amount of data
(T)  large investments (hardware and software) are necessary to get value from the information collected from captors 
(T)  uncertainties in standards and the IoT technological development
(T)  risk to invest in a niche technology. 
(T)  uncertainties in the capability to process information acquired from different sources and potentially wrong (new quality control) 
(T)  Actors from the private sectors who already are investigating /  using machine learning technologies for IoT data
	 (O)  increase in the dissemination of meteorological information through the Things ( agriculture, house, …)
(O)  development of standard API for different kind of users in order to increase the distribution of information and alerts
(O)  meet expectations of end users who wants to receive the right information on their connected device
(T)  investment in new telecom technologies to share this new data
	(O)  possible Quality of Service improvement through the increased density of measurement and the real time acquisition of data
(O)  possible improvement in forecast through the feed-back received by the user of the Things.
(T)  Actors from the private sectors who already have a network of Things and an IoT platform
	 (T) Will accelerate the growth in volumes of data, and resultant storage challenges
	 (O) Provide NMHSs and other emergency authorities with real-time information on potential hazards, e.g., black ice; fire 

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	
	 
	 
	 (L) collection from  (or distribution to) personal devices may introduce issues associated with privacy and the protection of personal information.
	
	 
	 

	Stakeholders
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see https://public.wmo.int/en/resources/meteoworld/new-global-hydrometry-support-facility-and-innovation-hub




	New sources of data

Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Traditional data sources coming from national hydrometry network can be expensive and cannot fully cover a national territory
The WHYCOS program cannot provide a sustainable measurement network
Data are not easily accessible due to – amongst other issues, technological limitations.
Shift in mind set i.e. innovation and technology can bring many assets including higher performance and efficiency or; Increased trust i.e. countries need trusted partners to embark in a “new data source journey”

Guidance to potential providers on how to make observations and what metadata are required may help reduce quality problems Traceability of new data measuring devices to international standards may not exist.
	New measurement technologies, including low-cost sensors, smartphones are emerging
Crowdsourcing is becoming more and more popular around the world
Satellite technology for water measurement could be better integrated
Water information systems could benefit from new development, including cloud technology
	New technologies can be combined with national monitoring networks to increase the water information, provided a quality check enables to compare data from different sources

	New technology data can easily be distributed in real time, but must be accompanied by meta-data and a quality assessment/flag
	Additional information can be provided by new technologies, including in regions that are difficult to equip
The probable lack of quality can be statistically compensated by the number of observations, depending on the application
	Metadata will be critical for preserving new technology data


Guidance required on archival of new data in such a way that NMHS data can be distinguished  from externally-sourced data. Reduces risks associated with data quality differences and trust issues. 
	Users become data providers. They will have an easy access to water information supporting them in their day-to-day decisions, e.g., for irrigation at local scale

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	
	(S) Creation of real time data and datasets  in a cost-effective way
(S) Crowd-sourcing provides opportunity to report phenomena such as hail, dust etc which are otherwise hard to record with increased automation of networks. 
 (W) Data collected do not correspond to existing standards
(T) Need to ensure that data from new technologies thoroughly compared with existing ones to avoid homogeneity problems in climate record. 
(W) No sustainability per se.
(O) Easy to use new technology, with a reduced training for non-technicians
(O) New technologies such as smartphones widely spread around the world
(T) Lack of trust in new data sources

(O) Crowdsourcing may help NMHSs inspire the public to increase awareness, cultivate new volunteer weather observers to gather weather information.

  
	(S) Technology available for anyone
(S) Data produced in places difficult to access or without power supply
(W) Data from new technology might be difficult to compare with standards
(O) Crowd sourcing becomes popular in other domains 
(T) Low-cost technology can be seen as a competitor for sensor companies
	(S) Important progress has been made with the development of data standards
(W) there is still a lack of standards compliances in some services, of effective interoperability between systems and of useful metadata
(O) Availability of cloud technologies
(T) Incomplete and inaccurate datasets, even if “good enough”, cannot substitute methodological observations
	(S) Easy-to-use technology is attractive to users
(S) User can have a real-time observation for their decision
(W) New observers could have an improper use of new technology.
(O) Local users, such as farmers, could have positive side-effect, such as solar panels, if they contribute to new measurements.
(T) Potential misinterpretation and misunderstanding of data
	(S) GSM easily available	Comment by ADF: ??  Mobile 4G network?
(W) Too different data quality without proper assessment
(O) Availability of IT with high potential to be used in relevant services
(O) Price of technologies decreasing rapidly making them more and more affordable 
(T) Too many data might complicate the analyses
(W) Data without metadata is useless.  Creation of metadata is resource-consuming.
   
	(S) Existing experience in new technologies
(W) Insufficient integration in national measurement networks
 (O) Provide additional information without large investments
(T) Lack of trust

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	(P) Political willingness/openness  to promote and encourage new data sources 
(E) New funding mechanisms e.g. through blended finance to support new sources of data 
(S) More engaged societies that are aware of the potential of new data sources 
 (T) Human resources available to develop and improve new data technologies 
	(P) Increased information for decision makers
(E) Low-cost technology easily available
(S) Empowering citizens to be active and confident in new technologies, and interested in follow-ups
(T) sensors can be developed and built in any country by SMEs and start-ups.
(L) IP and data ownership can be a challenge
(E) new technologies have much less environmental impact than standard measuring stations
	 (T) Challenge of assimilating data from new sources with more conventional sources. Seen, for example, by issues of ground-truthing satellite data and weighting 3rd party data
	
	(P) Decision-makers use and trust new sources of data 
 (S) Societies use new sources of data in their daily decisions 
(T) New technologies show good results and impact 
	(E) New sources of data support higher efficiencies which in turn lead to economic savings 
 
	(P) Informed decision-making 
(E) Financial benefits from better planning 
(S) More engaged societies that are aware of the potential of new data sources 
(T) Users know the technologies and can use them 

	Stakeholders
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors, research
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors, research
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors, research
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors, research
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors, research
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	Open data

Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Data currently held by NHMSs should be published, and hence available to use
WMO Resolutions 40, 25, & 60 are put in place to secure free and unrestricted international exchange of hydrometeorological data to enable all WMO Members to generate forecasts and warnings for the provision of services
Open Data is consistent with a set of principles: Public; Accessible; Described; Reusable; Complete; Timely; Managed Post-Release
Open Data is available according to an open license that guarantees free access and reuse without technical, legal or financial restrictions
	Open Data policies are based on top-down and abstract ideas, which do not take into account of the organizational or technological realities
Open Data licenses should be conformant to a set of meta-license principle: access; redistribution; reuse; absence of technological restriction; attribution; integrity; no discrimination against persons or groups; no discrimination against fields of endeavour; distribution of license; license must not be specific to a package; license must not restrict the distribution of other works.
Community norms represent acceptance of appropriate behaviour. They have moral, but no legal force; however they act as exhortation to develop communal collaborative best practice on Open Data.
Although data quality and formats are not strictly part of Open Data, their adoptions have marked improvements.
	Open Data is made possible by information and communication technologies which enable dissemination of Big Data
Open Data generates large amount of data (Big Data)
	Open data is distributed in a suitable format and service type at the right time for whoever is seeking to exploit it and add value to it
Open data can be published according to the 5-star deployment scheme
Sometimes datasets are incomplete, but they are still valuable, in particular if they are “good enough”
	The more open data becomes, the more it can be used, reused, reoriented, and combined with other data.
If datasets can be published, of course according to legal rules, third parties will be able to use it effectively

	Open Data requires a considerable increase in archiving and preservation of data collected about weather, climate and water
challenges are associated with data collection, the value of data, the management of previously collected data

or access on an ongoing basis to a distributed or centralised archive
… need to publish discovery metadata AND to sustain services
	Open Data puts in use tools and systems made possible available by ICT to provide better public services to citizens and businesses, by rethinking organizations and processes, and changing behaviour.

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	
	(S) Creation of datasets used in weather, climate and water
(S) Increased collaboration between NHMSs, citizens and business
(S) Increased feedbacks on data services, regulations or administrative aspects
(W) Increasing costs of maintenance and data collection
(W) Continuous improvement of capacity building in data collection and dissemination
(O) increase interoperability between NHMSs at national and international levels
(O) Modernization of technical and administrative procedures
(T) Economic and financial crisis may change the priority of development
(T) Violation of property rights and personal information
(W) Lack of expertise in open data in NMHSs.

  
	(S) Prepared human resources in most of NHMSs
(S) Some NHMSs are already leaders in Open Data policies
(S) Developed legislation and strategic  framework in some Member States
(S) Open Data allows innovation to flourish, enabling potentially valuable new insights and approaches to be developed, with more rapid advances in science and problem-solving. 
 (W) NHMSs have to be willing and able to produce and publish detailed datasets
(O) Worldwide aggressive adoption of the fast growing technologies in eGovernment services
(T) NHMSs’ centric approach to public services

	(S) Many progress have been made with the development of data standards
(W) there is still a lack of standards compliances in some services, of effective interoperability between systems and of useful metadata
(O) Availability of service oriented architecture approach
(T) Incomplete and inaccurate datasets, even if “good enough”, cannot substitute methodological observations
(W) Not all NMHSs subscribe to open data policies, especially w.r.t. climate data. Many NMHS would argue that the private sector should not be able to generate revenue denied to them.

	(S) There is an increasing number of applications that require software to “travel” to where data are located 
(W) A traditional approach of transferring data to where it  is required still exists, transferring vast amount of data slowly
(W) Digital divide and barriers
(O) challenges are related to the efficiency of data access and management
(T) Potential misinterpretation and misunderstanding of data
(T) Users of open data who provide ‘value-added’ data or services may become competitors to NMHSs. There is possibility that NMHSs end up as data providers only, rather than service providers.
	(S) Relevant good IT infrastructure of many NHMSs	Comment by CK Pan: Wonder if existing IT infrastructure can cope with the additional resources / requirements arising from big data.  This “Strength” of NMHS is doubtful

(W) NHMSs could face difficulties to store data, and they couldn’t have appropriate facilities
(O) Availability of IT with high potential to be used in relevant services
(T) Delayed application of new technologies such as cloud services
(T) Countries/
agencies previously dependent on data sales may struggle to fund appropriate data management. 
	(S) Existing experience in developing and implementing Open Data policies
(W) Insufficient implementation of Open Data policies
(W) Lack of principles in structuring the information on NHMSs’ portals
(W) Limited use of Open Data approaches that can permit the greater availability of data for re-use and exploration by third parties
(O) Closing the gaps between leaders and followers in Open Data trough collaboration
(T) NHMSs’ efficacy considering differences between services and maturity at national, regional and local scales

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	(P) Move to providing “open data” must be accompanied by financial mechanism to support their creation.
	(P) The main political factors relate to development of innovative infrastructure, centers of excellence, technology transfer, support to SMEs, participation of the private sector in R&D activities
(E) Although in general, the trends indicate a decline in demand, capital and liquid problems, limited access to funding, falling innovation expenditures and decreasing employment rates, some NHMSs have increased funding for development and innovation, while in other it remained balanced
(S) Empowering citizens to be active and confident in the new digital society, which must deliver sustainable economic and social benefits, is of great importance to the policy of Open Data.
(T) New communication technologies enable increasing connectivity through wired and wireless communication. The internet of services enables accessing services and service partnership across boundaries. The Internet of Things enables addressing societal challenges efficiently and augments the potential of future internet to provide useful services.
(L) Most of the actions plans are focused on the elimination of the common challenges which inhibit the optional utilization of ICTs, and the identification and prevention of future problems in the long run. The key actions are focused on creating a vibrant digital market, allowing the easy exchange of commercial and cultural content and services between countries.
(E) Open Data is also essentials for tackling environmental challenges, such as climate change. Informed policy decisions depend increasingly on analysis of the  available data
	(P) Many countries in the world are already pursuing Open Data policies
(T) Data policies have historically been separated from IT policies. There are historical trends in the production of datasets and the development of the Information Technology infrastructures within NHMSs
	(P) bureaucracy often specifies data to be collected and published
(E) fees for use and re-use of data are financial barriers to Open Data
(T) logins, limited visibility, limited durations, etc., are technological barriers to Open Data
(L) copyrights, licenses, and contracts are legal barriers to Open Data. 
(L) Guidance may be required on how to adopt and apply open licenses, including how to safeguard providers against potential legal challenges should, for instance, incorrect data lead to loss or damage. 
(E) Missing data
	(P) NHMSs produce and receive a large amount of data
(E) Open Data supports the economic dynamics by innovation and growth
(S) Individuals can collect information and add value to data 
	(P) New policies sought to separate out data consumers and providers of services, creating and “internal market” within bureaucracy, and de-centralizing decision making
(T) Infrastructures rely on cooperation, organization, and trust
	(P) Open Data policies emphasize cooperation between states and private firms, with the former explicitly supporting the aspirations of the latter
(E) Economic growth
(S) Open Data improves standards and transparency in public services
(S) Drives social growths
(E) Making more information available will help catalyse new market and innovative product and services
(S) If Open Data applies also to countries’ other agencies (e.g., health, emergency services), provides fertile environment for research aimed at limiting impacts of severe weather/climate events. 


	Stakeholders
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
	NHMSs, Member States, Governments, Citizens, Public and Private Sectors
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Social media are modern technologies used to generate and share information via virtual communities, normally using Web-based interactive platforms.  The wide-spread presence of such platforms, the global reach of Internet and Web services capabilities have opened excellent opportunities for the use of such tools to support data collection, dissemination of weather warning and the promotion of NMHSs. Social media here includes mobile social media and social media accessed via desktop computers. 
Information gathered via crowdsourcing is probably the most immediate key benefit, providing current weather information on the occurrence of rain, snow, fog, etc., as well as on the impact of weather such as floods, snow slide, strong wind, etc., and yet on several activities such as trekking, gliding, sailing, etc. All can be documented by geo-located photos and videos, showing what is really happening in the field. 
Other aspects and implications of social media, as well as of other close-related Internet technologies (e. g. Internet of Things) must be watched closely.   


	Social media

Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Improving global access and exploitation of hydrometeorological data
Promotion of NMHSs
	Gather more observation volunteers
Provide simple Apps, using different platforms
Education of potential providers on basic meteorological and hydrological issues 
Education of providers on best practices to produce texts, photos and videos related to hydrometeorological events    
	Capacity to receive information from many different sources at random times
Capacity to integrate such information a useful assimilation scheme
“Mining” techniques to detect patterns of coming weather conditions, or getting feedback to assess forecasts 
	Reach users in different platforms, such as Android, iOS, Windows, and different network/services such as Facebook, Tweeter, YouTube, Instagram, etc. 
	Develop mechanisms and strategies to define what information is relevant to be used.
For dissemination, clear message is fundamental.
Promote improvement of image of NMHSs. 
	Develop criteria to help deciding on what is important to archive and preserve.	Comment by ADF: It may not be possible to archive discussions on social media such as Facebook.
Consider multiplicity of formats
	Data collected may impact quality of NWP outputs. 
May improve timeliness on warning dissemination	Comment by ADF: Depending on which social media platform to use.


	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	
	(S) More voluntary observers and availability of modern devices with observing capabilities
(W) No control over observers and observation
(O) More observations, including pictures and videos
(T) Lack of a minimum of standardization
(S) Phenomena occurrence and verification
(S) Volunteers may be able to provide data via hand-held devices where currently there is none, or very sparse data. Particularly useful in countries like Africa where rainfall data is often sparse. 

	(W) Methods to process great quantity of messages with different types of unstructured data 
	(S) Capacity to reach millions of users very rapidly
Proactive and timely deployment of public communication and outreach through social media can boost visibility and image of the NMHS.  (T) Equally, if social media is not managed effectively or even ignored, it could also bring crisis to the NMHS.

(T) network congestions 

(T) provenance of information hidden from consumers – trust will be given to freely, or most reliable sources (NMHS) not afforded the right level of trust

(T) Difficult to keep up with constant pace of change in social media

(T) embedding weather in other products makes authoritative information difficult to find and act on
	(W) data not treated as reliable information  (Trustworthiness)

(W) Network security aspects are relevant
	(W) Great volume of unstructured data and information

	(S) Social media increase user’s willingness to volunteer

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	Access to new Web-enabled technologies (Such as smartphones, tablets) 
	 Increase use of weather-related sensors in modern communication platforms
	 
	Economic benefit for NMHSs 
NMHSs may face direct competition from certain media

(S) Constant reinforcement of role of NMHS needed to ensure trust at times of emergencies.
	Ownership issues still unclear
Privacy issues also unclear
Commercialization trends (who knows, in future)
	 
	 

	Stakeholders
	
	Mobile social media individuals or groups
	 NMHSs
	NMHSs
Civil Protection 
Companies in private sector looking for business opportunities
	 
	NMHSs to decide
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	Third party conventional data

Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Assistance/guidance for providers (those who are willing to listen)
	Access to private sector observations – surface and space.

Motivation – collect observations to support own processes - or mainly for distribution as commercial products.

Crowd sourcing – private (“domestic” or “industry strength”) AWS or other types of sensor.
	May not follow WMO standards – quality (e.g. non-standard exposure, calibration), metadata (insufficient information to allow quality assessments to be made).
	Timeliness of delivery for real time operations.

Diversity of usage constraints (Intellectual Property Rights, Data Policies) – restricting use and distribution of information derived from observations.


	
	Require means of differentiating third party data from NMHS data in data archive, as the two sources may have different quality/
metadata standards, and access constraints 
	Private sector delivering directly to customers

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	(S) WMO can set standards for: verification metrics, IPR.

(T) increase in other providers challenges “authoritative voice” role

(T) Failing to meet user/government expectations may result in private sector dominance.

(O) learn from other international organizations how to manage public/private relationships.

(O) WMO support Members in treating “meteorology as a business”.	Comment by ADF: What is the rationale?  There is no consent on this issue and this is still a subject of active discussion under PPP.
	(O) – Upper air observations from telecommunications balloons (stratospheric)

(O) – increased aircraft observations.

(O/T) – commercial operators providing meteorological observations – may reduce costs for operators (O), but may constrain free exchange (T).

(O) – cheaper satellite technologies (eg radio occulations).

(O) – foster private providers of observations to create (low cost to NMHS) source of reliable observations

  
	
	(T) – operators may limit ability to exchange essential information among NMHS and other infrastructure organizations (eg ECMWF).	Comment by ADF: Whose ability?

(T) – preferential access for some centres may degrade forecasts, etc, in other areas.

(T) – commercial observations may not be available to the research community (endangering future improvements in services).

	(T) – claims that access to private information makes services (eg forecasts) “better”.
	
	

	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	(E) Private sector will use “cheap” analytics to create specific products (of variable quality) from foundation NMHS data (observations, NWP) – but if the NMHS data are not good enough, the private sector will move to produce the foundation data themselves.

(P) Increase in non-NHMS roles in production enforces clear understanding of role of PR (representing best interests of whole country) and Head of NMHS (with NMHS success as key driver). – Other international organizations have addressed this challenge.
	(E) – some governments are moving to commercial provision of observations

(T) – lower cost observing platforms, communications

(S) – need to be active in engaging private providers.

(P) – role of NMHS needs constant reinforcement – to retain authoritative voice.

(L) Status of (public sector) NMHS may result in different competition law constraints from those of private sector. Possible perception of “unfair” competition.

(L) a “meteorological regulator” may be needed to oversee the meteorological market in a country (separate from the NMHS).


	

	(E) If data from NMHS  is not freely available, it is more difficult to argue that observations from other sources should be freely available.

(L) Requirement to have rigorous understandings with data providers on what may or may not be done with their data


	(E) – multiple potential operators make it more important for NHMS to stress their role and associated quality, together with the fundamental contribution made to infrastructure (making sure that the link of the meteorological infrastructure to the “high profile” end products is kept as high profile itself).

	
	

	Stakeholders
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	Impact-related information

Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Collect information on the impacts of weather events in such a manner as to usefully contribute to the process of analysis and forecasting, and to help validate forecasts and warnings. Impact data will also help to drive a better understanding of the relationship between societal impacts and weather events. Velocity, Veracity and Validity are key considerations when assessing the usefulness of impact information, especially when admitting such information into the ongoing analysis and forecast process.
	Impacts of weather events can be captured in a wide variety of ways; through images, measurements or numerical metrics of some sort, text or audio descriptions etc. Impact information needs to be correctly located in both space and time to contribute in any way to the analysis and forecast process. The broad nature of impact information types suggests that, in general, it will not be captured by anything close to a traditional or dedicated observing system, but will require harvesting of data from social media and other such sources. For post-event study or climatological types of analyses, there are rich datasets which can be exploited as proxies for impacts, such as airport delays, road traffic average speeds, customer hours lost on the electricity network etc.
Veracity and Volatility are key considerations in the observing of impacts.Information on impact of weather (such as flood cases, landslide location, number of casualty,etc.) not easily available, particularly in realtime. 
	It is a major challenge to find standards and formats for impact data that might allow them to be processed and analysed in any systematic manner. Difficulties in Volume, Velocity and Validity would all need to be addressed in the design of a coherent analysis system for impact-related information. The significant Volumes of such information available for harvest from social media etc does allow the veracity of individual impact reports to be checked for consistency and thus validated.There is general lack of format of such kind of impact-related information, making it difficult to process and analyse these information to support decision making of NMHSs.
	Impact information can be a powerful tool in augmenting weather alerts and warnings, in that such information can better communicate to users the likely magnitude and impact of an impending weather event. The challenge would be to select, in a timely manner, appropriate subsets of the available information that would support the forecast or warnings message. Graphical or pictorial representations of impact-related information are likely to have most relevance in this context.No common or established channel to receive such impact-related information.
	Wide collection of impact-related information helps to fill in the gas of traditional observing networks as well as provide the necessary data to begin to understand the complex relationship between weather events and weather impacts. The potentially large Volume of impact information can help offset issues around Veracity through the creation of a statistically-sound averaging process.Need guidance and example of good practice to use impact-based information to support decision making at time of high impact weather.
	A key question will be what impact-related information to archive. Due to the likely Volume, choices will probably need to be made, but these choices may restrict later studies into relationships between weather events and impacts.
	A better understanding of impacts and their relationship to weather events (and variables such as time of day, activity, and other exposure and vulnerability factors) should help users to better understand the potential impact of impending events and thus to prepare for them effectively. However this may imply a very sophisticated analysis and understanding by users, which may not be realistic.

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	(S) NMHSs and WMO have a lot of experience in collecting and collating large amounts of data.
(O) The advent of easy and inexpensive communications allied to the powerful capabilities of mobile phones should allow vast amounts of impact data to be sourced.
(T) Inaccurate data may lead to inappropriate skewing of forecast and warnings in preparation.
	(S) Potentially vast array of observations platforms with geolocation and time stamping built in.
(O) Opportunity to collect impact information in real time to compare with traditional meteorological measurements.
(W) Variety of formats, many of them not easy to reduce to numerical metrics of any kind.
(T) Some impact information, such as particularly striking visual imagery, may be so strong as to bias the analysis and response.(O) Impact-based information potentially helps NMHSs to determine the appropriate precautions that the public need to be aware of during high-impact weather.
	
(W) The prospect of providing any meaningful rigorous analysis of such divers data, at least in real time, is challenging.

(W) The vast amounts of impact data potentially available would overwhelm the capacity of current IT network and system s available to NMHSs.

(W) Providers of impact-based information are not NMHS and they usually do not adopt common data formats, making it difficult to process the data.
	(S) Properly selected impact information, either real-time or taken from historical studies, can positively augment traditional warnings and help to drive appropriate user behaviour.

(W) No common or established channel to receive such impact-related information means that completeness of impact-based information is not guaranteed.
	(W) The time taken to properly evaluate impact information received in real-time would be very significant. Some algorithms would probably be needed to do a “first-pass” at evaluation before human involvement.
(W) Capacity of NMHSs to adapt and evolve to fully engage with and use impact-related data.
(T) Potential misinterpretation of the data.

(O) Impact-based information helps decision-making.
(W) Incompleteness of impact-based information may limit their use.
	(O) Archiving of relevant data would allow for further studies on weather impacts.Archiving impact-related data would be a huge task, not just in terms of IT storage but in terms of formatting and cataloguing the data to make it usefully available later.
	(O) Adds greatly to the meaning of warning messages and drives more appropriate user behaviour.
(T) Could frighten or scare people if used improperly


	PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	(S) (L) Impact data sourced from the general public and other non-professional outlets may be subject to legal or ethical restrictions on its use.
(P) Impact data inevitably leads meteorology / hydrology away from the purely scientific endeavours and risks entry into a more political discourse which may have implications for the perceived credibility of NMHSs. 
	(S) Considerations of the privacy of individuals who are sources of impact data may impose restrictions on its effective use.
	(E) Impact data can help enormously in developing an understanding of the economic consequences of weather events and thus the cost to society of adverse weather, or indeed the benefit to society of benign weather and of good quality forecast and warnings services. Impact data is essential to generating a sense of the benefit-cost ratios of investment in meteorological science and infrastructure.
	(S) (L) Legal and privacy concerns may restrict the distribution of impact information.
(E) Wide distribution and understanding of impact data may help in mitigating the effects of severe weather events and thus produce a positive economic outcome.
	(L) Ownership of the IPR of impact data will be an issue
	(L) IPR issues and data protection regulation may restrict the possibilities of archiving impact-related data.
	(E) Properly used, impact-related data has the potential to aid users to make decisions that are economically beneficial.
(S) Improperly used, impact-related information can magnify threats and cause unnecessary fear, leading to inappropriate response behaviour.

	Stakeholders
	NMHSs, WMO, Emergency Management, Citizens, Public Sector, Users of all kinds.
	NMHSs, WMO, Emergency Management, Citizens, Public Sector, Users of all kinds.
	NMHSs, WMO, Emergency Management, Public Sector, Academia
	NMHSs, WMO, Emergency Management, Citizens, Public Sector.
	NMHSs, WMO, Emergency Management, Public Sector, Academia
	NMHSs, WMO, Emergency Management, Public Sector, Academia
	NMHSs, Emergency Management, Citizens, Public Sector, Users of all kinds.




12.	Weather networks with volunteers and crowdsourced observations


	Aspect
	Requirements
	Observe
	Process/
Analyze
	Distribute
	Use/Eval
	Archive/
Preservation
	Impact/
Outcomes
on users

	Issues
Identified in the essays by Presidents of Technical Commissions
Identified from other sources
Corresponding to the "big data" categories of Volume, Velocity, Volatility, Veracity and Validity.
	Data coming from trained volunteers by using simple collection devices
Observers may or may not be using same collection device.
May not have an app which could limit the number of observers

	Some observers may not be trained, make mistakes
Quality control of data
 Time of observations need to be uniform
volunteer observers could “fudge” data for their benefit
	These simple low cost observations help increase coverage where there may have not been data. 
More detailed analyzation of weather elements
	In most cases the data is widely available at no cost on the web
 Charge for some data
Coordination of network
Funding of network once established
	Many may not be aware of networks
Met Services may not share this volunteer data between countries
Data may not get used by met service
	Some network s have data archived, some don’t 
Who has access to preserved data.
Who will archive data, where will it reside
Cost of archiving data
	More data available in data sparse regions
New collaborations for Met Service
Network may not last for long 
Climate literate nation

	SWOT analysis (Strengths, Weaknesses, Opportunities and Threats).
	Uniform requirements for observations (S)
Chance to reach underserved communities with science (O)
Free data as opposed to that provided by private company (T)
Meta Data may not be collected by some networks (W)
Start-up requirements may be too much for some countries to undertake (W)
Strong coordination of volunteer observers needed to be successful (S, O,T)
	 Easy to observer, little time required by observer (S)
Chance to connect with observers from many backgrounds (O)
Observers may not use required equipment (W)
Data may show-up nearby official station that is not observing properly (T)
Volunteer observing may not be the same in all countries – motivation (W)
	 Data sets may be easy to analyse (s)
Perhaps just one weather element to process (S)
Possible collaboration between organizations in analysis. (O)
	Website possibly required for viewing of data (O, T)
Some data may not be available in real time (W)
 
	 Data able to be used by many in all sectors (private, govt, univ.)
Public may use volunteer data instead of that provided by Met Service (T)
	data over time can help provide a stronger climate record for lager areas (S,O) 
Some Met Offices may not want to archive this data since not official (T, W)
	 Some may not be able to afford the equipment, less observers(W)
Good will for users as they sponsor networks (S)
Users better equipped for making daily critical decisions with larger data set (S,O)
Data may show climate trends not scene due to previous scarcity of data (S, O)

	
PESTLE analysis (Political, Economic, Social, Technological, Legal and Environmental aspects).

	Affordability of the collection devices (E)
Rain gauges have little environmental impacts.
Small compact station may have less 
	 Will data collected by citizens be free in all countries? (P)
	 Analysis of data may lead to better water-food security forecasting (P, E, S)
	 Data may not be free to distribute in all countries (L)
Data easy to view from third party websites in real time (T)
Public viewing of data may lead to better decision making, early warnings of flash floods, etc. (S)
	 Some countries may not want to share data (P)
	Archival of data could lead to better climate information in areas with few previous stations (E, S, EN) 
	Cheaper (E) data
Use with mobile devices (T)
Will provide data to make improved forecasts (P)
Free data may lead to the extinction of some Met Services (E,P) 
Wealth of data may show-up shortcomings of established Met Service (P)

	Stakeholders
	Stakeholders will enjoy getting free data.
Stakeholders can help provide subsidized equipment to  observers providing goodwill for them.
Stakeholders my have an interest and incentive in the data collected, so may facilitate collection
	Some stakeholders may become observers leading to a better understanding of collecting this data 
	Possible challenges for some stakeholders to integrate the data into their systems 
	 Stakeholders may off a way to distribute this data via their websites, could be good or bad for Met Service
	Increased usage of data by Met services, water entities, engineering, universities, agriculture, recreation, media, insurance, climatologists, researchers, etc.
	Potential offers to archive the data by stakeholders 
	 Extra free data to groups like Health, Energy Sector, Emergency Managers.
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