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	Summary and purpose of document
This document provides information on discussion held during PTC-2016 on big data, crowd-sourcing and social media, and on follow-up activities carried on within Meteoswiss.


Action proposed

The Meeting is invited to consider the information provided and to advise on which activities CIMO should be considering to embark to appropriately cover these topics for the domain of instruments and methods of observations.
________________
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III
2nd Brief Essay on Big Data: The potential of integrating massive amounts of observational data to tackle today’s key questions in meteorological and hydrological research: The thunderstorm and precipitation attractor project – an example
CIMO’S CONTRIBUTION TO THE WMO PRIORITIES AND COLLABORATION WITH OTHER WMO PROGRAMMES, TECHNICAL COMMISSIONS AND REGIONAL ASSOCIATIONS

ISSUES EMERGING FROM PTC-PRA: BIG DATA, CROWD-SOURCING AND SOCAL MEDIA

1. During the 2016 meeting of the Presidents of Technical Commissions (PTC-2016, 19-20 January 2016), the presidents discussed the challenges and risks, opportunities and benefits of big data, crowd sourcing and social media as the basis for production of a guidance document for Members. An excerpt from the PTC-2016 report is provided in Appendix I.
2. Presidents were invited to prepare a set of essays addressing emerging data issues, social media etc., as discussed in Cg-17. In this context, some essays were developed by the CIMO president, in collaboration with his colleagues of Meteoswiss (see Appendix I and II). An essay presenting the general problematic of big data, crowd sourcing and social media was developed by the president of CAS and will be shared with the CIMO MG members as background information.
3. The meeting is invited to consider these matters in addressing the strategic planning issues for CIMO and advise on which activities CIMO should be considering to embark to appropriately cover these topics for the domain of instruments and methods of observations.
_________________

APPENDIX I: Excerpt from PTC-2016
The meeting made the following input into the CBS led-review of the challenges and risks, opportunities and benefits of big data, crowd sourcing and social media as the basis for production of a guidance document for Members:

a) Crowd-sourcing applications as a complement to traditional observations:

· can be an important source of verification of observations and forecasts for quality control (CIMO);

· can be useful for assessing health impacts, e.g. in relation to air quality (CAS);

· will be explored by CHy in terms of using simple devices for stage measurement for irrigation ditches and small streams that can produce data streams that complement traditional data collection systems (results can be input into CBS-led review);

· can be used to assess phenology, noting that reference data is also still required, e.g. the case of eastern Europe (CAgM);

· examples generating actual data

· Weather Observations Website (WOW) engine;

· Weather Underground (generates 170,000 observations globally, used after Quality Control (QC);

· Hong Kong, China Community Weather Information Network (CoWIN) (mostly used for education purposes);

· CBS has a team on public weather services (PWS) that addresses big data from new media, including a focus on information products and improvement.  CMA (China) has had relevant experiences with documentation of actions taken by the public based on warnings. 

b) Public-private dimensions:

· Reliance on private sources can create dependencies, e.g. if a company making car thermometer readings changes its access policy or goes out of business;

· The private sector is good at marketing its services, and may make claims regarding quality and cost-effectiveness that WMO would not endorse, including to policy-makers;

· Freely-available weather observation and forecast data on the Internet and social media are posing significant challenges to the authoritative voice of NMHSs and require proactive approach to make the best use of the big data in operations and to educate the public and the media on interpretation of the big data;

· The review should clarify what can and cannot be done, while being careful not to favour any particular private interests; and

· Some data (traditional or non-traditional) may have high commercial value (e.g. marine weather) and/or may be commercially protected.

c) There is a need for a bench-marking system for evaluating the value of different types of non-traditional observations, as they may either fill gaps or be redundant.  The assessment can involve the use of NWP models and can also validate the value of traditional meteorological observations at the same time.

d) Big, structured, data sets will become increasingly important and the size will increase fifty-fold due to resolution improvements.  Receiving stations are expensive.  ICT-WIGOS may establish a Task Team on data issues which could contribute to the review in these areas.  

e) The need for review:

· The meeting noted that the review needs were highly visible and the need to give WMO’s view on the current state of the art and what can be done.  There is a relationship between the review of the implications of Resolution 60 (Cg-17), on international exchange of climate data and products, and emerging data from non-traditional sources, since if partners find they cannot access data through NMHSs they may be forced to turn to (or even establish) alternatives.  Some development partners such as UNDP and the World Bank are already channelling significant resources into strengthening observing systems but not necessarily according to WMO standards.  PRs are under pressure to accept these ad hoc systems.  

· The situation with respect to both traditional and non-traditional systems, and the business models that support them, are changing and need to be evaluated together, along with considerations about public-private partnerships.  The reviews called for by this resolution (65, Cg-17) and Resolution 60 (Cg-17) together provide an opportunity to answer questions such as, “how much is good enough? How much should countries invest in observations? And what are some of the options/schemes for sustaining adequate observations drawing on traditional and non-traditional sources?”

________________
APPENDIX II: 1st Brief Essay on Big Data
The potential of crowd sourcing to complement meteorological and hydrological observing system capabilities 

Urs Germann, Markus Aebischer, Alessandro Hering and Bertrand Calpini 
Federal Office of Meteorology and Climatology MeteoSwiss
Olivia Martius and Matthias Künzler
Mobiliar Lab for Natural Risks, University of Berne
29.2.16

Technology for reliable and accurate observations of the atmosphere and hydrosphere has evolved substantially in the past decades and the national services are operating dense networks of observing systems comprising a variety of state-of-the-art sensors for remote sensing and in-situ measurements. These networks are indispensable for reliable and timely warnings of severe weather and accurate monitoring of the weather and climate, which builds the basis for many decision-makers both in the public and private sector. 

In spite of these high-tech systems, there are a number of good reasons why one may want to complement the existing networks with information obtained from an alternative source: so-called crowd sourcing. It refers to a collaborative effort of many disconnected people everybody contributing with a small piece of information. The quality of a single report cannot be  compared to that of a state-of-the-art sensor if considered singularly but crowd sourcing can be of high value if a large number of data points are combined in an intelligent way. 

Hail observations from app users – a pilot experiment 

Hail is a good example to demonstrate the potential value of crowd sourcing for meteorology. Weather radars are capable to detect in real-time and over a large area the presence of thunderstorms and estimate the probability of hail, but the hail retrieval algorithms need to be trained and verified with ground-truth data. There do exist devices to observe hail on the ground, such as hail-pads available since many decades, and more recently there also exist sensors for automatic measurements of hail in real-time. But given the small spatial and temporal extent of hail one would need many sensors in a small area to appropriately sample the phenomenon. In the case of hail, crowd sourcing is a promising solution to obtain independent observations of hail on the ground, as outlined here. 

Mobile devices, smart objects, the internet of things, cheap sensor technology, nation-wide broad-band connection, and new technology in general may be other reasons to invest in crowd sourcing approaches aiming at the retrieval of meteorological and hydrological information from massive amounts of cheap data. There already exist several major initiatives for crowd sourcing in meteorology such as mping (http://mping.nssl.noaa.gov/ ) or wow (http://wow.metoffice.gov.uk/).
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Figure 1: Dual-polarisation Doppler C-band weather radar with receiver-over-elevation design installed in 2015 on a mountain peak in southeastern Switzerland. 

MeteoSwiss launched a pilot experiment collaborating with app users to collect a data set of hail observations for training and verification of existing single-polarization and recently developed dual-polarization radar hail algorithms. In 2013 MeteoSwiss issued an app for free dissemination of measurements and forecasts of the weather in Switzerland. The app has continuously been extended and improved and has been downloaded 4.5 million times in the first two years since its launch. The app is used every day by 300’000 to 500’000 active users. In spring 2015 a functionality has been implemented that allows the users to report observations of hail indicating exact time, location and an estimate of the maximum hail stone size. In the first few months more than 14’000 reports have been collected, an impressive number given the small size of Switzerland, the low frequency of occurrence of hail, the pilot character of this experiment and the fact there was no active promotion. The positive response from the public demonstrates the potential of such an approach. The project is a collaboration with the Mobiliar Lab for natural risks  at University of Bern and a similar report functionality has been included in the app of Mobiliar. The pilot experiment is continuing and the data will be analyzed in combination with measurements from the Swiss radar network and a pilot network of seven automatic hail sensors deployed in the Napf region near Lucerne, one of the regions with highest hail frequency in Switzerland. The goal of the experiment is twofold: first, to collect ground truth information for the verification of radar hail algorithms, and, second, to explore the potential of crowd sourcing in meteorology. 

P. Noti, A. Martynov, A. Hering, and O. Martius. Hailstorms over Switzerland: Verification of Crowd-sourced Data. Geophysical Research Abstracts. Vol. 18, EGU2016-5822, EGU General Assembly 2016.
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Figure 2: Example of hail observations on a day with intense convection and hail storms in several regions in northern Switzerland. The figure shows the hail observations reported from the app users accumulated over 24 hours (right) and the radar image at 19:10 showing large thunderstorms (left). Note the large number of reports along the path of a particularly strong hail storm that started near the city of Spiez and produced hail on a 30-kilometer track that ended next to the city of Bern. 
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Figure 3: Example of semi-supervised classification of hydrometeors using dual-polarization measurements of the operational MeteoSwiss radar network (Besic et al., 2016, submitted). The antenna scans 20 full elevation sweeps every 5 minutes with an interleaved program. The verification of algorithms like this requires independent observations of hydrometeors on the ground. Of particular interest is the hydrometeor type “hail”. 
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Figure 4: In the hail hot spot in the Napf region in central Switzerland MeteoSwiss has installed 7 automatic hail sensors as part of a pilot experiment. The aim is to collect independent observations of hail on the ground combining large-sample-low-quality data from crowd sourcing (app) with small-sample-high-quality data from calibrated sensors. 
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Figure 5: On 7 June 2015 a tornado developed in western Switzerland. The thunderstorm has been automatically detected by the thunderstorm tracking system of the operational C-band radar network, and, triggered by this, a mobile X-band radar that was deployed for research purposes in the vicinity of the storm automatically started a high-resolution RHI scan through the tornado. The radar signatures indicated a high probability of hail, which has been confirmed by observations from the public reported via the app hail reporting functionality. The case will be further analyzed. 

________________
APPENDIX III: 2nd Brief Essay on Big Data

The potential of integrating massive amounts of observational data to tackle today’s key questions in meteorological and hydrological research: 
The thunderstorm and precipitation attractor project – an example

Urs Germann, Loris Foresti and Bertrand Calpini
Federal Office of Meteorology and Climatology MeteoSwiss
29.2.16
Until recently experimental research has been limited to comparatively small sets of measurements. But with the onset of the digital revolution and remote sensing technologies things have changed completely. The amount of data that is collected and archived is growing at a rapid pace and this opens new opportunities for research and operations. 

This paper provides a short description of a project recently started at MeteoSwiss that builds on the potential of the rapidly growing archives of quality-controlled radar and satellite observations. The integration of massive amounts of observational data will shed light on the misteries of the limits of prediction and improve seamless forecasts of thunderstorms and precipitation. 
The Thunderstorm and Precipitation Attractor Project 
The concept of strange attractors and analogues builds a powerful framework to investigate the intrinsic predictability of chaotic systems such as the atmosphere. This goes back to the pioneering work of Lorenz who used dynamic equations (Lorenz, 1963) and naturally occurring analogues in past observations (Lorenz, 1969, 1973) to study the growth of uncertainty in predictions of a non-linear process. From any arbitrary initial state a chaotic system relaxes toward a limited sub-domain of the phase space called strange attractor, which in the case of the Lorenz model takes the well-known shape of a butterfly (figure 1). For the real atmosphere the situation is much more complex. The dimensionality of the phase space is of the order of 107. Nevertheless, it is feasible to construct an attractor from observations in a reduced dimension space (figure 2). 
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Figure 1: Strange attractor of the three-variable Lorenz model. 
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Figure 2: Preliminary representation of the rain attractor derived from 17 years of continental-scale US radar composite imagery, projected on two state variables: precipitation area and de-correlation time. The color scale indicates the density of trajectories. A particular trajectory over 100 days is shown in gray scale from black to white. From Zawadzki et al. (2014).
The rapidly growing archives of weather radar and satellite data are a unique opportunity to go back to the concept of analogues and construct the attractor for thunderstorms and precipitation directly from observational data. The temporal evolution of precipitating clouds as described by radar and satellite imagery and more advanced products forms a trajectory in the phase space of the attractor. 

By superimposing data from large archives we can calculate the density of trajectories in the phase space and thus get a picture of the attractor. Trajectories that are very close to each other at some point of the attractor are referred to as analogues. The rate at which the difference between analogues grows in time is a measure of predictability; the faster the trajectories diverge the less predictable is the system in terms of the state variables that have been chosen for the phase space. The rate of divergence of analogue trajectories depends on the considered spatial and temporal scales and the state of the atmospheric flow. 

The goal is to construct the attractor of thunderstorms and precipitation from large observational data sets and to analyze the intrinsic predictability of thunderstorms and precipitating clouds as a function of scale, geographic location and atmospheric state using the concept of attractors and analogues. 

The project is a major contribution to predictability research and leads to several practical applications, such as: 
· Forecasting: The attractor provides for any given state in the phase space an estimate of the intrinsic predictability and a range of possible future outcomes. The study of predictability will be further stratified by adding spatial and temporal scale as additional dimensions in the phase space to describe the scale-dependence of predictability. Knowledge of the predictability has practical value for forecasting and issuing warnings related to precipitation and thunderstorms.

· Climatology: The attractor is a novel way to describe the climatology of thunderstorms and precipitating clouds in terms of the dynamic concepts of deterministic chaos. 
· Verification: Verifying meteorological and hydrological data with conventional verification metrics such as the root-mean-square-difference between the variable under test and a reference is useful, but by far not satisfying. In the context of meteorological and hydrological forecasting the observations assimilated in a model have to correctly represent the initial state in a dynamical sense. The comparison of the attractor constructed from different product versions or data sources is a new way to verify the statistical properties of an observational data set as compared to a reference. For a test data set the attractor will be constructed using recently issued precipitation data sets from satellite observations and an existing radar-raingauge combination technique. Comparing the two is a way to verify the new satellite product. 
· Nowcasting and blending: The skill of common radar-based precipitation nowcasts is limited to a few hours. This is the intrinsic predictability of precipitation at the meso-scale if no information on the storm environment and evolution is incorporated. The attractor built from observations is a guideline to look for state variables that can extend the predictability of present nowcasting systems. The selection of an ensemble of analogues within the attractor is equivalent to the perturbation of the initial conditions in an ensemble prediction system and can be used for ensemble nowcasting. The attractor may also help to refine techniques currently used for blending of nowcasts with NWP output aiming at a seamless stream of forecasts. 
· Numerical weather prediction: The attractor constructed from observational data provides a new framework to investigate the potential and limits of data assimilation at the meso-scale. We may assume every model has an associated attractor. Ideally, this model attractor is identical to that constructed from observations and all states during the assimilation process lie on this attractor, which can be easily verified in practice to support model validation. Furthermore, trajectories of ensemble forecasts such as COSMO-LEPS are supposed to evolve on the attractor in a similar way as real trajectories derived from observational data. In addition, we can verify the error co-variance model used in the data assimilation with empirical error co-variances derived from the attractor.

In principle, there is no restriction on the dimensionality and type of state variables chosen for the phase space. But the choice has implications on the meteorological meaning of the results. On the one hand, the dimensionality has to be as low as possible to ensure that the size of the historical data set is sufficient for the task. On the other hand, the complexity of the phase space has to be sufficiently high to adequately describe the evolution of thunderstorms and precipitating clouds and the loss of predictability. In studying the predictability of the atmosphere we are forced to largely reduce the dimensionality of the phase space and work with a “reduced-dimension” attractor. We will be guided by our experience with nowcasting and work at different scales and with different sets of state variables. 
This project is a continuation of research on 

· the predictability of precipitation (Germann et al., 2002, 2006; Zawadzki et al., 2014; Surcel et al., 2015), 
· satellite cloud properties (Hamann et al., 2014), 
· nowcasting of thunderstorms combining satellite and radar data (Nisi et al., 2014), 

· studies with analogues (Panziera et al., 2011; Foresti et al., 2015), and, 

· observation error co-variances and stochastic ensemble generation (Germann et al., 2009). 
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