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Observation aspects

· There is increasing availability of crowd-sourced weather data with unspecified/unknown quality, either from the community on a free-of-charge basis (e.g. community/social media observations of weather elements and phenomena, new Internet-of-Things (IoT) initiatives to collect environmental data to support cross-cutting research of big data/smart city, etc) or from private companies which could be proprietary (e.g. Turbulence Auto-PIREP System (TAPS) data collected by a private company from aircraft, utilization of ADS-B aircraft data from ATC for derivation of wind information, utilization of mobile phone network signals for derivation of rainfall information and fog monitoring, GPS signals to derive humidity).  However, there is perhaps a need to clarify the definition of “big data” to be considered by WMO, i.e. whether the “big data” is limited to “unstructured” by-products from the Internet/social media which could only give indication of trends or behaviour rather than cause-and-effect/physical relationship, or could also include “additional data” (non-ICAO, non-WMO) which are still structured and obtained through known technology.  The examples cited above fall into the latter category which have a higher chance of being utilized by WMO and NMHS as they are at least subject to physical constraints (established physical laws explaining relationships between different parameters such as pressure, humidity, wind etc) rather than those derived from the social media world, and thus at least have a theoretical chance of “a posteriori” data checking.  
· These new sources of data could be considered supplementary to the official weather data of WIGOS and NMHS and therefore offer opportunities to WMO and NMHS.  Indeed some NMHSes have already engaged other partners to collect weather data from the community, e.g. WoW project (http://wow.metoffice.gov.uk/) in the UK, Community Weather Information Network (Co-WIN) project (http://weather.ap.polyu.edu.hk/index.php) in Hong Kong, China, European Severe Weather Data Base (http://www.essl.org/) etc.  Such community engagement projects have also demonstrated their values in educating the public on weather and climate through the “learning by doing” approach, in addition to providing crowd-sourced weather observations.
· The free community weather data could supplement the official observations but in many cases they cannot be quality-assured.  As NMHS has to ensure the quality of services and maintain the authoritative voice, this poses significant technological challenges to the NMHS in utilizing such data, e.g. assimilating the data into NWP models.   In any case, such new sources of data will be increasingly available on the Internet and WMO and NMHS should be prepared to respond to this trend and develop methods to utilize such data to the advantage of WMO and NMHS to facilitate exchange and use of such crowd-sourced data).  A truly positive impact can be expected where very large numbers of high-resolution observations suddenly permit detection of micro-scale effects in particular near the ground, e.g. road conditions, air quality, aerosol, etc where traditional data checking algorithms are pretty challenged (the micro-scale variations far exceed the error margins and accuracy of individual instruments).  WMO may also consider taking a more active role to promote the global exchange.
· The increase availability of crowd-sourced weather data, especially those freely available on the Internet, despite their lower quality in general, could dilute the importance of the basic meteorological observation infrastructures of WMO and NMHS and pose a potential threat to cost-recovery and sustainability of these infrastructures, especially in LDCs and data sparse regions.  There will be a need to quantify the quality and benefits of such crowd-sourced weather data to put things into the proper perspective.  WMO should also make it clear globally and through governments that the basic observation infrastructure will remain a global reference standard without which any serious climate and weather studies will be impossible.
· Proprietary weather data derived using “non-conventional” methods (e.g. from aircraft acceleration sensors) collected by private companies could become a rivalry to the official data already in place (e.g. TAPS vs AMDAR).  For the larger good of the community (e.g. the aviation community in the case of TAPS), it is recommended that WMO and NMHS should adopt a proactive approach to seek partnership with these private companies to further demonstrate the benefits of wider collection of such data to the community and to facilitate sharing of methodology and data for wider applications.  Of course, it sould be recognized that the business orientation of the private companies may not be conducive to such cooperation.

Service aspects

· Big data analytics are becoming increasingly available to provide weather information services utilizing freely available weather data and information on the Internet (e.g. raw NWP model outputs, ensemble forecast data, crowd-sourced observation and forecast data etc).  Such “free” weather services offered in most cases globally, while may not be of the highest quality nor official, they may be provided by weather enthusiast free of charge while others may be rather low-cost, could be considered “good enough” by many casual users or “low-end” applications.  These “free” or low-cost weather services could compromise the competitiveness of NMHS in providing high-quality but more expensive services to users (e.g. public weather service, aviation weather service, etc).  In some cases, such “good-enough” weather information services could even challenge the credibility of NMHS due to the intrinsic uncertainty of weather prediction.  There is a need for WMO and NMHS to respond proactively to this trend as a matter of priority.  
· As a first step, we need to understand how big data analytics could work and their limitations (e.g. primarily correlation based without establishing scientific model and cause-and-effect relationship), and how their performance could be evaluated and compared with the conventional scientific methods.   
· We should also try to develop partnership with the big data research community to identify areas of mutual benefits for cooperation and with a view of mainstreaming the application of big data in weather, climate and water operations of NMHS in the future.  For example, there are already research activities in applying big data technology to predicting flight delays due to high-impact weather.
· Public communication, education and user liaison on weather, climate and water are becoming increasingly important for WMO and NMHS more than ever in the big data era due to increasing availability of such data on the Internet to the public and users.  Misunderstanding by the layman on the quality and fit-for-purpose of the big data could pose challenges to the credibility of official observations and forecasts of NMHS if public communication, education and user liaison are not adequate.   Overall situation awareness of the big data picture and closer ties with the public, communities and users are needed.  

Governance aspects

· Given that there are no physical constraint limiting the distribution of big data (including observation, forecast, etc) and the development of open data policy in many Member countries, how Resolution 40 could be applied in the big data era is a real question for WMO.  As mentioned above, “free” weather information services based on big data are already widely available on the Internet without any limitation in national boundaries and this trend is unstoppable.
· There are current restrictions on the distribution and use of OPMET data within the Contracting State concerned imposed by ICAO.  As SWIM (System Wide Information Management), with a strong flavor of big data compatibility, is being developed by ICAO, discussions on whether the present OPMET data policy will be changed in the future (e.g. from “restricted distribution and “charged” to “open distribution and free”) have already started.  The ET/GOV (Governance) of CAeM has been tasked to look into this evolving data policy issue but at present the ET is keeping in view of the direction of developments of the Information Panel of ICAO.   The ET/ASC (Aviation Science and Climate) of CAeM has also been tasked to draw up a white paper on “Scientific Aspects of SWIM”.
· In the big data era, concerted efforts of NMHS should be pulled together to maintain the authoritative role of WMO and NMHS in weather, climate and water, e.g. to demonstrate that the WMO systems and services have an undisputable performance level that beats the competition in quality and efficiency, so that the basic infrastructures could be sustained with continual investment by governments and that WMO and NMHS will stand out as the partner that big data stakeholders will need to work with in weather, climate and water.  Guidance on sharing of best practices for NMHS to grasp the opportunities offered by big data will need to be developed.
· NMHS’s implementation of systems to upkeep quality management and competency of meteorological personnel are becoming more important than ever in the big data era.  Efforts should be sustained for NMHS to acquire QMS certification for the provided services.  Competency requirements of meteorological personnel should be upgraded in line with the big data developments.
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