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LONG-TERM GOALS

The stay at Naval Research Laboratory, Monterey, CA, although generally focused on implementation of the latent heat nudging technique into the Coupled Ocean-Atmosphere Mesoscale Prediction System (COAMPS), I used also for deepening of my knowledge of the COAMPS as a whole system and for defining directions of the future development connected to that model. My home organization, ICM Warsaw University plans to use the COAMPS for operational purposes supporting the Polish Army in state-of the-art numerical weather predictions as well as basic tool for scientific projects in a field of atmospheric physics. Below I briefly describe the main goals achieved during this two-months stay.

OBJECTIVES

Latent heat nudging (LHN) is a method of forcing the weather prediction model with observed precipitation rates. The LHN schemes uses latent heat nudging profiles calculated in the model physics step, and estimates increments to the potential temperature within the assimilation scheme. This is based on scaling the potential temperature profiles by amount equal to the value of rain observed by the radar to the value of a rain estimated by a model. An implementation of the LHN method into the COAMPS system should improve the estimation of the position of wet area in model domain

APPROACH

The COAMPS model uses multivariate optimal interpolation method (MVOI) as basic tool for definition of initial conditions to the forecast model. To develop LHN scheme into the COAMPS the perfect knowledge of the model structure is essential. As first step I learned details of  the structure of the COAMPS system, as crucial to the method is an interaction between an assimilation scheme and the model physics and dynamics. Next, based on ideas presented in UKMO Unified Model I developed the number of subroutines working within the LHN scheme. These subroutines were designed to match the COAMPS compiling and programming standards. Code for data assimilation which is placed in separate library asrlib could be integrated into the COAMPS system using its standard compilation rules. All interactions between an assimilation subroutines and the COAMPS model are enable trough the subroutine which controls the assimilation process (as_ctr.F). 

TRAVEL COMPLETED

Table 1. Summary of visits conducted under this VSP.

	Person Visited
	Position
	Institution / Conference
	Location
	Scientific / Technical Purpose

	Dr. Richard Hodur
	Branch Head, Atmospheric Dynamics and Prediction Branch
	NRL
	Monterey, CA
	Structure of the COMAPS, discussions on actual project and future plans

	Dr. Qingyun Zhao
	NRL Employee (meteorologist)
	NRL 
	Monterey, CA
	Overall supervising during the stay.

Details of  radar data processing

	Dr. Sue Chen 

Dr. Jerome Schmidt
	NRL Employee (meteorologist)

NRL Employee (meteorologist)
	NRL
	Monterey, CA
	Details of the COAMPS code

	Dr Steve Lowder
	Contractor
	NRL
	Monterey, CA
	Implementation of the COAMPS on Linux cluster

	Mr. David Dimitriou
	FNMOC Employee
	FNMOC
	Monterey, CA
	Improvements to GODAE server

	Dr. Jim Doyle

Dr. Piotr Flatau
	Section Head (meteorologist)

UCAR Visiting Scientist
	NRL
	Monterey, CA
	Scientific discussions on future plans


RESULTS

1. During reported period I designed the whole scheme of assimilation of a rainfall data by LHN technique. Two months period was too short to write the code, tests it and to evaluate the impact of new scheme into the foreast. These experiments I plan to finish by the end of year 2003 using my home organization facilities and after this I plan to release the software for other users. To test developed software two experiments were proposed:

a) Comparisons between different models: COAMPS and UMPL used the same volume of radar data. Period: 8-11 June 2001, Baltex BRIDGE data set (composites of 3h accumulated precipitation over Baltic Sea cachment). Configurations: COAMPS: 36, 12 and 4 km nested grids. Radar data are assimilated for 12 km grid (Kain-Fritsch cumulus parameterization scheme) and 4 km grid (explicit moist physics).

b) COAMPS with NCEP radar precipitation data. Period 9-10 May 2003, hourly precipitation data from NCEP.

2. In a frame of the Global Ocean Data Assimilation Experiment (GODAE) Fleet Numerical created the server in which comprehensive information on the state of the oceans and the atmosphere is available for scientific community.  As an external user of the COAMPS system I frequently used the forecasts from the NRL NOGAPS global model as initial and lateral boundary conditions for the COAMPS runs in my home machines. During my visit at NRL I had an opportunity to discuss some possible improvements to the content of  GODAE server with persons from Fleet Numerical responsible for the server. These discussions were very successful. The Fleet Numerical accepted our request to increase the number of levels with meteorological data for forecast periods from 48 to 144 hours, what gives us the possibility to run the mesoscale model until 5 days ahead. Also some restrictions concerned the delay of operational products were erased what gives us the possibility to run the COAMPS model in quasi-operational regime. I greatly appreciate the understanding of the user needs from the GODAE server staff and their quick and positive decisions.

IMPACT/APPLICATIONS

Beside the direct work with the COAMPS system I had an opportunity to participate in seminars and discussions with NRL staff. During the stay I had also free access to the virtual scientific library, what greatly helped me to study actual and past papers connected to data assimilation issues. On the basis of this all material and especially papers written by Snyder and Zhang (2003), Sun and Crook (2001), Brewster (2003), Houtekamer and Mitchell (2001), and Wang and Bishop (2003) I decided to design and start develop the system of radar data assimilation for cloud resolving models. It is proposed that an assimilation of direct radar measurements (radial velocity, radar reflectivity) to the high resolution COAMPS model will be performed in a frame of the ensemble Kalman filter theory. At least three nested grids of the model with coarse, medium and fine resolutions will be used. The conventional and satellite data will be assimilated for coarse and medium resolution grids using existing methods. The radar data will be additionally assimilated for medium resolution grid using parameterized convection and for fine resolution grid using explicit moist physics. The most of the software, especially efficient and fast subroutines for iterative solving of the system of large linear equations exists. Preliminary tests on simplified low order Lorenz L9 model support these ideas. This long-term scientific project could be treated as an alternative to the 4DVAR schemes.

TRANSITIONS

Software for latent heat nudging implemented into the COAMPS system I plan to use to test the impact of that technique on quality of data assimilation and on final forecast. This software could be use by others at NRL for their scientific projects. The proposed scheme (interactions between assimilation and the model subroutines in each time step during the assimilation period) could be used as a forerunner for more sophisticated data assimilation schemes I planned to develop.

RELATED PROJECTS

COST Action 717: Use of radar observations in hydrological and NWP models. The main objective of the Action is the assessment, demonstration and documentation of the contribution that advanced radar information such as radial Doppler winds, vertical wind profiles, rainfall and reflectivity can make to parameterization and in model assimilation schemes for numerical weather prediction and hydrological models. Link: http://www.smhi.se/cost717/
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