Statement of work performed at ATOC, University of Colorado and CIRA, Colorado State University under award ATM 0754998, within second year for  

period 05/01/09 – 08/09/09 .  
In this report major activities in the second year of the project are presented, covering the period of May 1, 2009 to March 31, 2010. The activities in the second year were interrupted in the period August 2009 to March 27, 2010 by transferring of the award from University of Colorado to University of Miami. The award transfer was due to change of appointment and relocation of PI, Vukicevic. 

The major activities in the second year included the following

· WRF-ARW mesoscale model simulations and verification 

· Statistical analysis of differences between the observed and modeled radar reflectivity fields toward defining an optimal cost function between the forecast model and radar observations  with respect to correcting bulk microphysical parameterizations  by radar data assimilation

· Sensitivity of simulated reflectivity and the associated statistics to choice of observation operator or model for computing the reflectivity field from the mesoscale model background 
· Preliminary analysis of 1D cloud resolving Lagrangian model simulations of a midlatitude convective system evolution for purpose of understanding relationship between radar reflectivity profile observations and cloud microphysical parameterization.  
Specifically, the activities included : 

a) Oral presentation at the 23rd Conference on Weather Analysis and Forecasting/19th Conference on Numerical Weather Prediction, 1–5 June 2009, Omaha, Nebraska, entitled “Evaluation of Model Performance and Possible Improvements of Microphysical Parameterizations by Using Radar Data”, authors I. Jankov, M. van Lier-Walqui, S. Albers, T. Vukicevic and K., Friedrich. Major conclusions include: i) Notable differences between observed and reflectivity simulated by model runs using various microphysical schemes were detected, ii)  All model runs were characterized with an overestimation of  simulated reflectivity at almost all times. This was especially true for the model run using Lin microphysics; iii)  Reflectivity intensity was overestimated by all model solutions especially at lower levels and at earlier times, iv)  Vertical profile of horizontally averaged larger than 20 dBZ reflectivity is  selected as main diagnostic for use in the cost function.  
b) Installing of SimPolRad radar model operator at FAB/NOAA by Albers and van Lier-Walqui. As reported in the first year’s report, this radar simulator model was originally developed at the DLR-Institute of Atmospheric Physics, Oberpfaffenhofen, Germany, by M. Pfeifer and collaborators (Pfeifer et al. , 2008)  for studies in radar meteorology and for mesoscale forecast model validation. We have acquired the model from the developers by contact through Prof. Katja Frierdich of department of Atmospheric and Oceanic Sciences at CU, Boulder. The originally acquired version of the model software came incomplete, so another version was acquired from Pfeifer’s collaborator   who has been using the software in somewhat simplified form, without calling the spatial geometric functions of the model. This version was successfully installed on the computer in NOAA that is used for the project by Albers and Jankov.

c) Inspection of the simplified model (the “one-line formula type model”)  for simulating the reflectivity in LAPS, the literature review and discussions with colleagues who are also working on comparisons between observed and simulated reflectivity indicates that the reflectivity simulation requires more careful evaluation before the data resulting from such simulation are used further in our data assimilation research. The main concern regarding the reflectivity simulations is that the relatively simple empirically based formulas should be “tuned” for different microphysic schemes. This conclusion  led to the new activity in the project in Summer 2009. The new activity involves performing the  intercomparison of several commonly used empirical models and the newly acquired full 3D radar model (the SimPolRad model). 
d) Selecting of new IHOP case and additional high resolution simulations with WRF. We reviewed more IHOP cases by inspecting NOAA’s radar reflectivity composite and the associated quick-look synoptic data archives of NOAA. We selected two new cases to simulate ;   May 17 and June 15-16, 2002. The radar reflectivity and other data needed to compute initial conditions for the new WRF simulation were then prepared using LAPS, as before . 

e) Marcus van Lier-Walqui  attended WRF tutorial in July 2009
f) Vukicevic  co-authored on study and manuscript with D. Posselt of University of Michigan, entitled “Robust characterization of model physics uncertainty for simulations of deep moist convection. Manuscript was  accepted and published in MWR and is currently being revised after favorable reviews (subject to minor revision). The study addresses properties of relationship between microphysics parameters and remote sensing observations  in the context of data assimilation.   The results from this study are summarized in the major findings in this report.  

g) Performing of the intercomparison of several different radar reflectivity models using a set of commonly used empirical reflectivity models (the “formulas”) and the newly acquired full 3D radar model (the SimPolRad model). The inter-comparison included computing the advanced diagnostic which are described in the first year report; most notably vertical profiles of weighted horizontally averaged reflectivities. This activity was collaborative effort by Jankov and Albers at NOAA/GSD/FAB in Boulder  and van Lier-Walqui at RSMS/UM.   
h) The new cases of convective system evolution were simulated by WRF-ARW at doubled grid resolution relative to the case that was included in the first set of experiments (reported in the first year). The model resolution was increased to 2 km grid spacing to improve representation of dynamics at the convective scale. With this resolution  the errors in feedback between the microphysical processes and dynamics that were observed with the lower resolution simulations were reduced. The new cases are associated with convective systems in central Great Plains during periods of June 13-14th and June 16-17th of 2002. 
i) Marcus van Lier-Walqui  was accepted by UM graduate school to continue the graduate studies, starting in Fall semester of 2009/10.  He has been attending graduate courses at RSMAS and will take PhD qualifying exam at the end of Spring semester (2010) toward becoming PhD candidate. 
j) van Lier-Walqui  learned and implemented 1D-lagrangian cloud microphysics model that was used in the completed study by Posselt and Vukicevic (2010, MWR). Posselt has continued collaborating with Vukicevic and also  van Lier-Walqui.  
k) van Lier-Walqui in collaboration with Vukicevic  has performed preliminary analysis of 1D on evaluating the proposed approach (in the original proposal) to estimating the bulk contributions of different microphysical processes by radar data assimilation.  The study in second year will involve a  
l) Vukicevic will collaborate with WRDF-4DVAR data assimilation research group at NCAR on capability in the 4DVAR system to control microphysical parameterizations in the assimilation. Since Vukicevic will have new affiliation, starting 08/17/9/ of federal employee  at NOAA/AOML in Miami, she will collaborate in that capacity. 
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