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Summary and purpose of document

This document shows the main actions proposed to build an ensemble at kilometer scale in the COSMO Consortium. The main perturbation procedures are described.

The document should be able to open a discussion on the usefulness of such systems. 


Action Proposed  

The meeting is invited to review the information provided and to open a discussion on the main objectives to be given to ensemble systems.
Convection-permitting ensembles in COSMO
With the advent of convection-permitting models (grid spacing: 1-3 km), there is also need for convection-permitting ensembles, i.e. a method to account for uncertainties within convection-permitting simulations. The motivation, methodology and challenges are principally the same as in mesoscale “convection-parameterisation” ensembles, with some minor differences and some added complexities:

Accounting for forecast uncertainties appears even more important when applying convection-permitting models. Physical processes leading to convection are highly non-linear, so that the explicit modelling of convective cells over one or a few hours should already be seen as long-range forecasting, with very limited deterministic predictability for the individual cells. Thus, convection-permitting ensembles already focus on the shortest-range (0-24 hours), as opposed to the short-range (0-3 days). Furthermore, error growth in convection-permitting models does not necessarily behave in a similar way as in convection-parameterization models. Different error growth may arise from the strong non-linearities and the different role of physical processes. Together with the new focus on the shortest-range, this may require a revision of the perturbation strategy.

Within Europe, DWD is also carrying out experiments covering several weeks. This is done in the framework of the project COSMO-DE-EPS which aims at an operational system. The project COSMO-DE-EPS is described here.
Convection-permitting ensembles

Explicit representation of convection within models is already operationally adopted within the Consortium, since several COSMO members run an operational chain with a high-resolution model of 2-3 km grid spacing, where the parameterisation of deep convection is switched off. Since the use of convection-permitting models is already established, there is need to build a probabilistic framework also for the convective scale, realized by a convection-permitting ensemble.

The ensemble members are generated by the convection-permitting model COSMO-DE. The model COSMO-DE is operational at DWD since 2007. It is running with a grid spacing of 2.8km and a domain covering the area of Germany. In ensemble mode, the choice of grid spacing and domain remains unchanged. Concerning the ensemble perturbations, the focus is on three sources of uncertainty: the lateral boundary conditions, the model physics and the initial conditions.

To quantify the uncertainty due to boundary conditions, the COSMO-DE-EPS is embedded in a chain of ensembles which propagates forecast uncertainty from large scales down to the convective scale. At the small-scale end of this chain, the COSMO-DE is nested into selected members of COSMO-SREPS. 

The uncertainty in the physics is represented by varying distinct parameters of the parameterisation schemes that are expected to have a significant impact on forecast results spanning the parameterisations of the soil and the vegetation, boundary layer processes, as well as microphysics. In 2007 and 2008, a preliminary choice of parameters and their respective perturbations has been made. It is based on communication with model experts, on verification results and on sensitivity analyses. At this point it should be mentioned that this particular choice is not necessarily suited also for physics perturbations within convection-parameterisation EPS, such as the COSMO-SREPS and COSMO-LEPS. This is due to the different role of physical processes, depending on the model grid spacing.

The perturbation of initial conditions is a future task and will be carried out in close cooperation with data assimilation experts. As an intermediate solution, the perturbations will affect the nudging assimilation scheme which is part of the operational COSMO-DE routine at DWD.

The expected skill of such an expensive system should however cover more than just produce the correct rainfall amount on a given region. The mesoscale ensembles must be able to reproduce correctly local details which can not be recognised directly synoptically.

The system should be able to show (all) possible small scale weather elements (like precipitation, cloudiness, radiation, …) which are possible for a given synoptic evolution. This implies that the system should be able to produce enough spread in these elements, even at small lead-times, taking care of the fact that the correct solution should be present among the ensemble members. Special care has thus to be given to the verification of the spread and the amount of outliers.

The main priorities can be identified as follows:

1. Advective large scale orographic precipitation. There is no need for a sophisticated model to predict the rainfall amounts on the wind side slope, but the transport to the lee side is often very difficult to capture. The model should thus be able to reproduce correctly and without bias the local structures present in reality. This burden is shared by the deterministic models, which steadily improve in this respect. 
2. Convective precipitation in weak flow. The correct positioning of these precipitations is much dependent on the correct description of the lower boundary (vegetation, snow, soil moisture, roughness, albedo, …) and of soil-surface exchanges. Hence, two actions can be individuated to improve ensemble forecasting:

a. The inclusion of perturbations of the lower boundary forcings.

b. The continuation of the study on how to represent the uncertainties affecting the parametrised physical processes. The impact of perturbing other parameters as well as a combination of them will be explored.






