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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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