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Summary and purpose of document

The short range ensemble prediction system developed within the COSMO consortium is presented. The originality of the project is to use different global models in order to produce enough spread in the initial state. Various ways to perturb the model trajectories are proposed as well. The spread of the ensemble at very short time ranges should also be big enough in order to provide a possible state for the analysis of a deterministic mesoscale model (SIR)


ACTION PROPOSED
To favor the exchange of global models as initial state and boundary conditions for local models.

To evaluate the possibility of using short range ensembles as a relatively cheap and accurate analysis tool.

COSMO Short Range Ensemble Prediction System (SREPS) 

Description

The SREPS project deals with the development and implementation of a short-range ensemble with LM. The project is a priority project of the COSMO consortium gathering Germany, Switzerland, Italy, Greece, Poland and Rumania. The LM is a non-hydrostatic model of which a description can be found on the COSMO web site www.cosmo-model.org:. The main goals are the following: 

· produce a short-range mesoscale ensemble to improve the support of the forecasters especially in situations of high impact weather.

· Produce  a very short-range ensemble for data assimilation purposes (SIR COSMO project)

The strategy to generate the ensemble members is to take into account all the possible sources of uncertainty and to model many of the possible causes of forecast error. The proposed system will benefit of: perturbations in the boundary conditions, perturbations of the model and perturbations of the initial state.

LM being a limited-area model, it is not possible to neglect the contribution of the boundary conditions. In order to take into account the perturbations of the global model that flow through the boundaries, a multi-model approach is used. A MUlti-Model MUlti-Boundaries (MUMMUB) ensemble system is currently run at INM (Spain). Four different limited-area models (UM, HIRLAM, HRM, MM5) are driven by the four global models (IFS, GME, UM, NCEP) which provides initial and boundary conditions. Following an informal agreement between COSMO and INM, LM will be added to this set of limited-area models and COSMO will benefit by the four runs of LM on a very big domain (fig. 1) at 25 km of horizontal resolution, nested on the four different global models.

The four INM-LM runs are used in the SREPS project to drive a number of LM at higher resolution (7 or 10 km). Each of the 25 km LM runs provides initial and boundary conditions to a few higher resolution LM runs, in which other perturbations are applied to the system.

The SREPS strategy includes the modelling of different sources of forecast error. With regards to the model error, perturbations to the mesoscale model will be added following different techniques: by using different parameterisation schemes, by perturbing the parameters of the schemes, by perturbing the physical tendencies.

Furthermore, in a later stage of the project, mesoscale perturbations to the initial conditions will also be added.

· Perturbations of model trajectories: 

1. Tendencies: the appropriate technique to perturb the physical tendencies will be investigated, taking into account the work done at ECMWF for the EPS. For this purpose, a link will be established also with the EELMK project.

2. Schemes (physics and numerics): perturbation of the model can be reached by changing the type of sub-grid process between each member of the ensemble. The same can also be done with the numerical schemes, for example changing from two-time level to three-time level schemes. 

3. Stochastic parameterisation schemes: Random perturbations of the physical tendencies are applied within the ECMWF EPS (Buizza et al., 1999). The SREPS system will explore similar techniques.
4. Parameters: A number of parameters are included in the Lokal Modell formulation, especially in the schemes used for the parameterisations of the physics and, to a lesser extent, in the numerical schemes. Generally, these parameters are assigned a fixed value chosen within a range, describing the uncertainty around the best estimate for the parameter. Modelel perturbations can be generated by varying the values assigned to the parameters within some range. The possible range of variability has to be carefully specified and provided by the scientists involved in the development of the model physics. 

5. Surface forcings: The possibility of perturbing surface forcings like orography or vegetation indices will be also considered.

· Perturbation of initial conditions

The main source of initial perturbation will in a first step come from the use of different regional models driven by different global model which each possess their own analysis cycle. In a further step, feasibility studies on techniques like nudging of perturbed observations, variational assimilation, Kalman filtering, ETKF will also be undertaken. Collaboration with other groups will be clearly favoured on this topic.

Implementation

The SREPS ensemble size is planed to reach about 20 members. A simple number could be 16, due to the fact that the system is based on 4 global models (in facton four 25 km LM runs driven by these 4 global models) and 4 higher resolution perturbed LM runs could be nested on each of the lower resolution runs.

The SREPS area will be designed in order to include all the COSMO countries so as to cover most of Europe. A resolution of 10 km will be adopted in the development stage, also allowing a simple comparison with COSMO-LEPS, with the possibility to move to a few kilometres of horizontal resolution in the operational system.

The forecast range will be 72 hours at maximum.

The project will be structured in an investigation phase followed by an “operational” phase. The investigation will cover:

· Optimal use of perturbed boundary conditions

· Techniques to perturb the model trajectories in order to produce spread in the short-range

· Development of proper mesoscale initial perturbations for the short-range, avoiding conflicts with lateral boundary perturbations.

The SREPS ensemble will be designed keeping in mind that it could be used for the new COSMO data assimilation scheme (SIR project). The general idea of this technique is to run an ensemble a time range of 6 to 12 hours an to keep as analysis the member corresponding best to the observations at this timestep according to some distance. Much attention will be kept in having a correct amount of spread both in the very short range and throughout all the short-range.

A link with the EELMK project of DWD will also be established, to devise some strategies for the model perturbations which could be shared between the two projects, in order to exchange experience and results and also to obtain two systems not in conflict with each other.

The use of a multi-model approach with a limited-area model permits to have a strong link also with the global project TIGGE, where all the available global ensemble will be collected together with the possibility to be used as providers of boundary conditions for limited-area model runs.


Figure 1. Domain of the LM runs provided by INM.
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