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

OBJECTIVES

The first objective of the project is to develop techniques to numerically build a high resolution, non-synthetic TC vortex, consistent with observed TC structure (intensity, size, depth, past motion, inner core, convective and wind asymmetries). Such a vortex should be balanced, and suitable as input to a numerical prediction model for track and intensity forecasting. In the future this major step forward will supersede the need for a synthetic vortex.
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 improving the prediction of TC behaviour and associated significant weather.    

The third objective is to investigate TC genesis through utilisation of the above techniques, with the aims of both improving the understanding of physical processes and defining the requirements for improved operational prediction. 

APPROACH
The collaborative project aims to achieve its objectives through :

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

        (ii) application of cloud microphysics, 

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

Tables 1 and 2 show verification of the BMRC operational TC forecast system (TC-LAPS; Davidson and Weber, 2000) for the 2001 North West Pacific season. In situations where multiple storms were present, the principal storm at the base time of the forecast was verified. Since November 2001, if two storms existed in the domain, forecasts for both storms to 72 hours have been made. The track errors are competitive with the best available guidance, and the intensity errors (for example, ~ 17 hPa at 48 hours) are most encouraging. 

	Forecast Interval
	Number of Cases
	Error (km)

	T+00
	117
	20.8

	T+24
	110
	138.7

	T+48
	89
	236.9


Table 1 : Track errors (km), as verified from the BMRC operational TC-LAPS forecast system.

	Forecast

Interval
	Number of

Cases
	RMS
	Error
	Mean
	Error
	Abs
	Error

	
	
	TC-LAPS
	Persistence
	TC-LAPS
	Persistence
	TC-LAPS
	Persistence

	T+00
	117
	6.5
	0.0
	-5.0
	0.0
	5.4
	0.0

	T+24
	110
	11.0
	13.7
	-5.6
	-3.6
	8.7
	11.0

	T+48
	89
	16.6
	21.8
	-10.0
	-8.2
	13.2
	18.0


Table 2 : Central pressure errors (hPa), as verified from the BMRC operational TC-LAPS forecast system.

The progress results described in this report build on from this already quite high level of performance.  

WORK COMPLETED and RESULTS 

Techniques are being developed to assimilate satellite cloud and satellite rain estimates, as well as scatterometer data and surface wind observations using multivariate statistical interpolation. Although much more work is needed, the impact so far has been dramatic, as illustrated here for the genesis of TC Chris. Figures 1 to 3 show (i) the distribution of surface wind data used in the assimilation, (ii) the initial condition for mean sea level pressure (MSLP), and (iii) the 48 hour forecast of MSLP. TC Chris was named approximately 24 hours after the base time of the forecast. Note the remarkable prediction of the development and intensification from a weak 1006 hPa circulation to a 978 hPa category-2 storm during the 48-hour period. The forecast genesis, track and intensity verify well against observed best track data. Impact experiments (not illustrated) suggest the combined effects of the scatterometer data and the diabatic initialisation are most important.     

Development of a comprehensive Bulk Explicit Microphysics (BEM) scheme is near completion (Dare, 2002). The system includes prognostic equations and conversions between six classes of water : vapor, cloud water, cloud ice, rain water, snow, and graupel. Objective verification of rainfall over Australia indicates improvements over current operational performance (Dare et al., 2002). Its impact on TC prediction is illustrated in Figs. 4 and 5, which show forecast track and intensity change for TC Chris off the northwest coast of Australia. During this time, TC Chris was moving southward and intensifying. Comparison with operational forecasts (not shown here to save space) indicates clear positive improvements in track and intensity with inclusion of the BEM scheme. The forecast of the intensification to at least 36 hours is most impressive. 

Application of the above techniques to basic research on TC genesis has commenced. One interesting preliminary result is illustrated in Figs. 6 and 7. They show vertical cross-sections of potential vorticity and wind along the storm track during a simulation of the genesis of TC Chris, which was named at the validity time of Fig.7. Of particular interest are (i) the mid-tropospheric cyclone prior to genesis, (ii) the upper level PV anomaly prior to genesis, (iii) the downward development and rapid intensification of the vortex during genesis, (iv) the erosion of the upper level PV anomaly as the moist convection becomes active around the developing storm, and (v) quality of the timing of the forecast of genesis. We are currently exploring in detail the influence of some of these factors on the formation process.
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	Figure 1: Surface wind data used in the assimilation for TC Chris. Oceanic (land) observations marked in red (green) are scatterometer (surface synoptic) obervations. Black arrows are from the objective analysis.
	
	Figure 2: Initial condition for mean sea level pressure (MSLP) for TC Chris.
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	Figure 3: Forecast of MSLP at 48-hours  for TC Chris.


TRANSITIONS 

The BEM scheme is expected to become operational early in 2003. We hope to run real-time tests of the genesis system during 2003. Refinements to the BMRC – University of Munch vortex specification is expected to become operational for the 2002-2003 Australian TC season.
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	Figure 4: Observed and forecast intensities and track errors for TC Chris.


	
	Figure 5: Estimated and forecast intensities and forecast maximum winds for TC Chris.
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	Figure 6: Vertical cross-sections of potential vorticity (contour interval 0.2 PV units) and horizontal wind (downward pointing are out of the page) along the storm track of TC Chris. Black contour is zero line and postive PV is colored gray. 6 hour forecast from 11 UTC February 1 2002.  
	
	Figure 7: Vertical cross-sections of potential vorticity (contour interval 0.2 PV units) and horizontal wind (downward pointing are out of the page) along the storm track of TC Chris. Black contour is zero line and postive PV is colored gray. 18 hour forecast from 11 UTC February 1 2002.


FUTURE WORK

Coupling of grid-scale microphysics with sub-grid convective parameterisation is an important issue. Further very high resolution experiments on TC track and intensity forecasting with the BEM scheme and the advanced data assimilation-initialisation system are planned. Work on diagnosing the partitioning of rainfall into convective and stratiform components and then assimilating this information will continue. Further enhancements to the BMRC – University of Munch vortex specification are expected. Additional cases of TC development and non-development in the Australian region, using advanced data assimilation and BEM techniques, and  with detailed diagnostic calculations will be ongoing.

With NRL, inter-comparisons of forecasts of significant events are planned. Via exchange of initial conditions, this will highlight deficiencies in initialisation and moist parameterisations in the individual systems.   

RELATED PROJECTS 

Ongoing support and enhancements to all components, via unified approach to limited area modeling, means that there are numerous related projects. The most significant of these are: (i) the development of a 3-D variational analysis (3DVAR) at NRL and BMRC, (ii) use of new data sources in the objective analysis, (iii) enhancements to the boundary layer and cumulus parameterisations, (iv) refinements to and ongoing evaluation via objective rainfall verification of the BEM scheme, (v) improvements to the vortex specification in TC-LAPS, particularly for weak or just-named storms, and (vi) diagnostic studies of TC behaviour. 

SUMMARY

The NICOP-ONR grant has been used to employ two talented young scientists on the BMRC-NRL TC project. Progress has been most encouraging. The development of the bulk explicit microphysics scheme and an advanced data assimilation-initialisation system for TC prediction has proceeded rather rapidly. Further enhancements to, and application of, the techniques developed here, for operational forecasting and basic research on TC behavior will continue. Planned collaborations will target deficiencies in system components that require enhancements.   
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