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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. 
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