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Introduction 
 
This paper briefly summarises some of the recent collaborative research conducted 
at BMRC on Tropical Cyclones (TCs), undertaken with support from the US Office of 
Naval Research. 
 
Operational Numerical Prediction 
 
The Tropical Cyclone Limited Area Prediction System, TC-LAPS (Davidson and 
Weber 2001, Puri et al. 1998), has been operational at the Australian Bureau of 
Meteorology since 1999. Objective verification for named storms over the northwest 
Pacific and Australian region indicates a quite skilful level of performance for track 
forecasting, and some very encouraging, albeit inconsistent, signs for prediction of 
structure and intensity. Four years of verification statistics and case studies will be 
used to illustrate these features. An example of TC-LAPS output is depicted in Fig. 1, 
which shows observed and forecast tracks and intensities for TC Debbie. 
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Climatology   
 
Excerpts from a climatology of TC behaviour in the Australian region (Dare and 
Davidson 2004), based on a Bureau of Meteorology best track data set, will be 
presented. Times and locations of points of origin, intensification, extratropical 
transition, and final decay will be illustrated. This analysis is partly determining our 
future research priorities and selection of related case studies.  
 
Formation   
 
Collaborative CSU-BMRC research on the critical issue of TC formation will be 
described. Building on from basic research at CSU, diagnosis of formation 
mechanisms in TC-LAPS (no synthetic vortex) suggests that the ultimate location of 
the low-level vortex is dependent on the location of the most intense and persistent 
convection, and the location and structure (vertical and horizontal) of the monsoon 
depression/trough in which the convection is embedded (Tory et al. 2005 a, b, c). An 
example is illustrated in Fig. 2, which shows the forecast of the formation of TC 
Debbie from an incipient circulation embedded in a weak monsoon trough, to an 
intense storm over a 72-hour period. 
 

 
 
Intensification 
 
Collaborative QRO-BMRC research on the upper level environmental influences on 
intensification will be discussed. Based on shallow layer simulations of the outflow 
layer (Davidson and Kar 2002), and diagnosis of a hierarchy of numerical models, 
juxtaposition of the storm circulation with developing environmental potential vorticity 
anomalies – often eroded by active convection and not evident in observations - 
seems critical to rapid intensification. The way in which the environmental circulation 
evolves, and how it may influence the vortex and embedded convection will be 
briefly discussed. 
 
Decay 
 
Collaborative WARO-BMRC research on the influence of environmental vertical wind 
shear on the intensity of hurricane-strength tropical cyclones in the Australian region 
(Paterson et al. 2005) will be described. Environmental conditions which initially are 
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conducive to intensification eventually evolve into high shear (> 10 ms-1) 
environments, which contribute to dissipation. There also appears to be a class of 
storms, which do not intensify even when wind shear is weak, suggesting a need for 
some dynamical influence from the environment.  
 
Bulk Explicit Microphysics, BEM  
 
This scheme (Dare 2004) has been developed for use within the BMRC unified 
Atmospheric Modeling suite, and in particular high resolution LAPS. With explicit 
prediction of cloud water, rain water, ice, graupel and snow, its ability to represent 
microphysical cloud properties during significant weather events will be illustrated. 
An example is shown in Fig.3, which shows track and structure predictions for 
Typhoon Nida over the northwest Pacific from a 5km 29 level, full microphysics 
forecast. Of particular note are: (a) the more realistic radius of maximum winds of ~ 
50 km, (b) the maintenance of an excellent track forecast even at very high 
resolution, (c) the regions of active, deep convection delineated by the regions of 
supercooled water, and (d) the inner and outer radii cloud banding. Much work is still 
to be done on initialisation of intense vortices at very high resolution, but these 
encouraging results provide some optimism for future prediction of detailed TC 
structure.  
 

 
          
Future Research   
 
Our perspectives on some of the major outstanding challenges to ongoing prediction 
and diagnostic research will be described. These include: 1. mesoscale assimilation 
and initialisation for intense circulations, 2. prediction and understanding of genesis, 
structure change and intensification, 3. processes and prediction of structure change 
and precipitation at landfall, and 4. extratropical transition.   
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