Project:   Km-Scale Ensemble-based Data Assimilation  (KENDA)  

Aim:

Development a novel ensemble-based data assimilation system for the convective scale (or km-scale, i.e. 1 – 3 km model resolution)

and to show that it works scientifically and gives a systematic positive 
impact, in particular in convective situations, but also for low stratus conditions and near steep orography (local wind).
Motivation:
Need to provide initial conditions for the convective-scale ensemble forecasting using advanced data assimilation methods

Proposal: 4-eye principle, having 2 people (1 DWD (? probable, depends on the approval of DWD strategy)), 1 other person working together (almost) full time 


Some more complementary sub-tasks can also be done by additional people.

Task 1: General issues in the convective scale and evaluation of COSMO-DE-EPS

Purpose: Guides the subsequent decision how the resources should be split between EnKF and SIR (COSMO-NWS and universities); part of the learning process

Task 1.1:  General issues of interest are the following: 

·
main disadvantage of LETKF: assumes Gaussian error distributions

occurrence of non-Gaussianity:

( 
investigate degree of non-Gaussianity (bi-furcations, multi-modality) by means of O – B statistics (convective / larger scales, different forecast lead times: 6, 3,1 hr): provides an upper limit estimate of the non-Gaussianity to deal with

( 
investigate non-Gaussianity by looking into perturbations of very-short range forecasts from COSMO-DE-EPS (Uni Bonn)

·
LETKF produces model states with linear combinations of model perturbations:

effects of non-Gaussianity:

· examine influence of non-Gaussianity on the balance of such model states: also 
provides an upper-limit estimate on unphysical behaviour of linear combinations in 
the case non-Gaussian PDF

· do this with COSMO-DE-EPS: makes linear combinations of forecasts, do this for different forecast lead times

·
assess importance of km-scale details versus larger-scale conditions in the IC

· purpose: to what extent is DA at km-scale an IC problem at the fine scales or only at larger scales and the LBC and lower boundary

0.7 FTE, can be remote. Uni Bonn would cover 0.2 FTE. 0.5 FTE are open. DWD would supply the data to be evaluated.

Task 1.2.: Evaluate COSMO-DE-EPS for applicability for km-scale EnDA. Features of interest:

·
ensemble size

·
spread in the forecast range up to 3 hours

·
drift of solutions

·
indication of non-Gaussian distributions

Already allocated at Uni Bonn. DWD supplied the data. 0.5 FTE.

Milestone: Dec 2007: Initial evaluation conducted, feedback to COSMO-DE-EPS

Task 1.3.: Evaluate error correlations of radar data (reflectivity & Doppler velocity)


Required FTE: uncertain. Need to talk to radar experts. (ARPA-SMR, MCH ask experts, also Jerzy Achimowicz will be asked). Find answer to the question, or define tasks to be done.

Resources required totally:   ca. 1.2 FTE + Task 1.3

FTE require solid background (Masters deg.) in meteorology, physics and / or mathematics, good knowledge of statistics and comprehension of dynamic meteorology

Task 2:
Implementation of a ensemble data assimilation framework

Deliverable: Technical implementation of a very first version of an ETKF on the convective scale.

Implement the analysis step for EnKF in a separate 

Task 2.1:  Define how to calculate the observation increments. Write this in a separate library, so that the same code can be used for different tasks (assimilation, diagnostics, verif). (0.2 FTE)  (DWD)


Note: there are other parts of the code, that would benefit from being put in a generic library. 

Task 2.2:  COSMO model code  (0.4 FTE):

–
writing out obs increments (including flags and obs. errors) to NetCDF files (for EnKF code and / or diagnostics)   (IMGW, 0.2 FTE)

–
modifications for ensemble runs (related to GRIB)  (DWD)


(use observation increment calculations of the nudging scheme for existing obs types; 


for novel observations (e.g. 3D radar reflectivity), additional work (FTE) will be required) 

Task 2.3:  Analysis step code (EnKF / 3DVAR)   (0.5 FTE):  (DWD)

–
implementation of LETKF (common for COSMO model and global model at DWD) 

· reading of observation increments

· writing obs increments with flags from the analysis step

Task 2.4:  Extension of experimentation system   (0.1 FTE, at DWD) 

Task 2.5:  Ensemble-related diagnostic tools  (0.2 FTE)   (IMGW)

Start with diagnostic tools of COSMO-DE-EPS, complement input (NetCDF obs incr with flags instead of obs and model forecasts separately), introduce selection criteria dep. on flags

Note: In COSMO, we should use 1 single diagnostic tool set everywhere.

Resources required totally: 1.4 FTE

FTE require good programming skills & solid maths background (Masters in related field) 

Most tasks need very close cooperation with DWD.

Task 3:    Evaluate and refine LETKF, compare against nudging   

(needs to be detailed further)

Purpose: Address primary scientific issues related to the LETKF on the convective scale and refine the system to the extent, that it runs stably and gives physically consistent results, or that limitations of method (e.g. related to the Gaussian assumption) in the convective scale can be shown which make the success questionable or even unlikely and hence would suggest that further resources should be put elsewhere (e.g. in the SIR approach). 

Main issues: Model perturbations, covariance inflation, localisation 

Resources required to build a system that runs stably and gives at least comparable results to the nudging: 3 FTE

This number of FTE is based on the estimate of C. Snyder. Such a system would include only conventional observations, radar Doppler velocity, and possibly reflectivity.

It certainly does not yet fully include all observation types or possible EnKF-related issues like multi-scale DA or additional steps to initiate convection (by warm bubbles, or LHN). 

Tasks 3 requires task 2 to be finished.

The work will be done in the framework implemented in task 2. This implies remote access to the experimentation system for the cooperating partners. 

FTE require good understanding of EnKF and of its related scientific issues, and of DA in general, solid programming skills & maths background (Masters deg meteorology, physics, similar). They need to be able to run experiments, interpret the results and draw conclusions of them. 

Proposal: 4-eye principle, having 2 people (1 DWD (? probable, depends on the approval of DWD strategy), 1 other person (ca. 0.5 FTE) working together on whole task 3

