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LONG-TERM GOALS
The major long-term goal of this research is to improve operational prediction of tropical cyclone behaviour (track, intensity and genesis). An additional aim is to improve understanding of the processes that determine these characteristics. 

OBJECTIVES
The first objective of the project is to develop techniques to (numerically) build a high resolution TC vortex, consistent with observed TC structure (intensity, size, depth, past motion, inner core, convective and wind asymmetries). The vortex should be balanced, and suitable as input to a numerical prediction model for track and intensity forecasting.

The second objective is to apply and compare prognostic cloud schemes available at NRL and BMRC to TC events of common interest, and to evaluate and refine their performance for prediction of TC behaviour and associated significant weather.    

The third objective is to investigate TC genesis utilizing some of the above techniques, with the aims of better understanding the processes and defining the requirements for improved operational prediction. 

APPROACH
The collaborative project aims to achieve objectives through :

         (i) improved methods of data assimilation and TC initialisation, 

        (ii) application of explicit cloud microphysics, 

and (iii) prediction and diagnostic studies of TC genesis.

WORK COMPLETED and RESULTS 

1. Development and operational implementation of the BMRC Bulk Explicit Microphysics (BEM) 

As reported in the previous NICOP-ONR Report from November 2002, the BEM scheme has been under development with the aid of NICOP-ONR funding. After demonstrated quality performance during extensive parallel trials, it became operational in the BMRC Tropical Cyclone Limited Area Prediction System, TC-LAPS, in June 2003. Non-comparative examples of the operational forecast quality are shown in Figs.1 and 2, which show observed and forecast tracks and intensities for TYs Imbudo and Maemi at landfall. Note the quality of both the forecast track and intensity, as these significant storms underwent changes in intensity during the 72 hours prior to landfall. 

Amongst future collaborations is the planned implementation of the BEM scheme in NRL’s COAMPS.
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Figure 1 : Observed (operational) and forecast tracks and intensities for TYs Imbudo and Maemi.

2. TC Model Intercomparison

As foreshadowed in the previous report, a major development during this fiscal year has been the establishment of a data exchange process to facilitate TC model intercomparisons between NRL and BMRC. Such intercomparisons were also recommended by IWTC-V, in order to diagnose major forecast failures. Results from the first intercomparison are shown in Fig.2. and illustrate the importance of both initial vortex structure and the environmental flow in the prediction of track and intensity. Model intercomparison will become a very powerful tool for understanding model forecasts (motion and intensity) and systematic errors in forecast systems. This ongoing work will be of great benefit to both NRL and BMRC.  
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Figure 2 : Observed and forecast tracks for TY Podul from the TC-LAPS system. Left panel is for NRL initial and boundary conditions, middle panel is for BMRC initial and boundary conditions, right panel is for NRL initial condition and BMRC boundary conditions. 

3.    Assimilation, Prediction and Diagnosis of TC Genesis  

Within BMRC, and in accordance with aims (i) and (iii) above, a system has been established for prediction and diagnosis of TC genesis (see also previous NICOP-ONR Report). The system assimilates conventional data, as well as scatterometer, surface synoptic data and satellite cloud imagery. Figure 3 shows a prediction for an unnamed TC which affected northern Australia. Late observational data, not available in real time, clearly indicated that this was a well-developed TC. The prediction system produced a remarkably accurate forecast of the development of a small, intense inner core. Similar encouraging results have been obtained for a number of other events (eg, TCs Inigo, Chris, Chataan, Fiona). Research on the dynamical processes that affect the formation of the inner core is at an advanced state. This work was presented at the IUGG conference, Japan, June-July, 2003. A journal article is in preparation.

4.   TC Formation Processes
In collaboration with Prof. Michael Montgomery of Colorado State University, detailed investigations of TC genesis events using the system described above are underway. The initial focus has been on the identification of the model genesis mechanism. We have found that deep intense convection in a favourable environment (low-vertical wind shear and environmental cyclonic PV) embedded in a mesoscale convective system, produces an intense vertically stacked PV core.  Axisymmetrization about this core and merger with surrounding PV anomalies focuses the environmental PV into a deep vertically coherent vortex structure that becomes the tropical cyclone. A paper is in preparation. 
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Figure 3 :  Prediction of unnamed TC in the Arafura Sea. Left panel is mean sea level pressure initial condition. Right panel is 48 hour forecast.   

5.  Characteristics of TC behavior in the Australian Region
The Australian region best track data set has been analysed to document systematic behavior of TCs. Some interesting results are : (i) Preferred locations of formation, often very near the coast, (ii) Possibility of decay over most latitudes, even over the warm tropical oceans, (iii) Preferred early and late season times for extratropical transition, and (iv) Preference for intensification just prior to recurvature. This work will underpin ongoing prediction and diagnostic studies. A paper has been submitted.    

6. Extratropical-tropical Interaction 

Analysis diagnostics and idealised dry simulations indicate intense extratropical cyclogenesis over the south west Indian Ocean, associated with baroclinic instability of the polar front jet, in the presence of a subtropical jet, can produce equatorward and eastward propagating wave trains that can influence the structure of the monsoon, and hence the formation and behavior of TCs. A paper is in preparation. Extensions of this work will include : (i) incorporation of the northern hemisphere winter monsoon, (ii) inclusion of moist processes, and (iii) wave propagation diagnostics. This work is an ongoing collaboration with Prof. Michael Reeder of Monash University, Melbourne, Australia.  

RELATED WORK

The following projects which NICOP-ONR will benefit from, via extended collaborations of NICOP-ONR scientists with other researchers are : 

(i) Ongoing upgrades to the BMRC unified Assimilation and Atmospheric Modeling System

(ii) Influence of environmental vertical shear on the intensity of hurricane-strength tropical cyclones in the Australian region.

(iii) Diagnosis of upper level environmental influences on TC intensification

(iv) Parameterisation of the moist, convective boundary layer

(v) Influence of convective, stratiform and radiative processes during the development of tropical mesoscale convective systems.

(vi) Synthetic satellite cloud imagery from TC-LAPS.

(vii) Mesoscale data assimilation, including assimilation of rain-rate data at the mesoscale. 

In accordance with the stated project aim of “  … Prediction of 

Tropical Cyclone Behavior and Associated Significant Weather ….”, and to illustrate point (vi) above, Fig. 4. shows actual and synthetic satellite imagery derived from operational TC-LAPS’ forecasts for TC Craig (Rikus, 2003, personal communication) as it moved along the north coast of Australia. The correspondence between the inner core cloudiness, the outer spiral cloudbands, the extension of the cloudiness to the southeast, and the jetstream cloud to the south of the storm, is quite remarkable. Further system enhancements and development of research and forecasting applications are ongoing.
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Figure 4 : Actual satellite cloud imagery from GMS (left panel), and corresponding synthetic cloud imagery from operational 48 hour TC-LAPS forecast for TC Craig.

TRANSITIONS   

1. Operational implementation of the BEM scheme in TC-LAPS.

2. Upgrades to TC-LAPS (19 to 29 levels, new objective anlysis, new vortex tracker)

3. In collaboration with University of Munich, implementation of a new TC vortex specification.

SUMMARY
Progress on the ONR-NICOP project has been made in many complementary directions. The development of the BEM scheme and an advanced data assimilation-initialisation system for TC prediction has progessed well. Outcomes from application of these systems to basic TC research, involving local and international collaborations, have been most valuable. Further enhancements to, and application of the techniques to operational forecasting and basic research on TC behaviour will continue. Active collaborations with NRL will target deficiencies in system components that require enhancements.
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