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Introduction 
 
Cloud and rain systems 
 
Figure 1 shows a processed infrared satellite cloud image (left panel) and an analysis of 24-
hour accumulated rainfall during 1 February 2005. Although somewhat resolution dependent, 
the dominant space scale of the observed cloud and rain systems is of the order of 100 km. 
We then ask the question: Is it possible and should we aspire to predict such cloud and rain 
systems? Previous impact studies (Tory, 2003, personal communication) suggest it may be 
possible to improve their prediction with the combined use of cloud imagery and surface data 
during initialisation. Along with other standard observations and a mesoscale-specific 
initialisation process, this additional data may assist in the depiction and forecasting of these 
systems. Although not yet achieved, the aim of this project is to initialise mesoscale rotational 
and divergent flows, which are consistent with the observations, and with the forecast 
model’s dynamics and thermodynamics.      

 

  
 

Figure 1: Left panel: Processed infrared satellite cloud imagery (cloud top temperature) valid 
08UTC 1 February 2005. Analysed 24-hour rainfall accumulations for period 00UTC 1 
February to 00UTC 2 February, 2005.     
 
Forecast systems 
 
A number of different configurations of the Bureau of Meteorology’s base Limited Area 
Prediction System, LAPS (Puri et al, 1998) are run operationally. The configurations are 
defined mostly by the application (eg, extratropical, tropical, medium resolution, very high 
resolution). Initialisation for tropical applications can be summarized as follows. After a data 
assimilation step that uses the Generalized Statistical Interpolation (GenSI, Steinle, 2005, 
personal communication), consisting of two 6-hour forecast-analysis cycles, an additional 
dynamical nudging step (Davidson and Weber, 2000) is used to (a) re-define the initial 
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vertical motion field to be mostly consistent with the satellite cloud imagery (and spin up the 
model), and (b) provide some mass-wind balance via the model’s dynamics, particularly for 
synthetic tropical cyclone circulations. The two methods of initialisation, data assimilation, 
DA, and nudging, NG, have advantages and disadvantages. The DA over higher latitudes, 
where coupling between the rotational and divergent flows is stronger, is generally sufficient 
to define, reasonably well, the divergent flows. Because of data limitations over low latitudes, 
and possibly for the mesoscale generally, DA does not adequately define the MCSs 
(Mesoscale Convective Systems) illustrated in Fig.1. Use of NG can improve the situation 
with specification of the divergent flows, but it suffers from the disadvantages of (a) having 
to run the model for longer, (b) difficulties in preserving the reliable information content 
from the DA, and (c) systematic errors associated with possible inadequacies in physical 
parameterizations. This paper describes some preliminary attempts to combine the best 
features of the DA and NG methods with the objective of eventually improving mesoscale 
prediction. 
 
Verification of current experimental systems 
 
Forecast results have been quite encouraging from a prototype mesoscale assimilation and 
prediction system, running at 0.10 latitude-longitude resolution with 29 vertical levels, and 
using DA followed by NG. Figure 1 shows rainfall verification over the Australian region for 
a 30-day period during May and June 2005, of some of the Bureau’s operational models, and 
from the prototype system (known locally as SW, Severe Weather, –LAPS). Although SW-
LAPS runs over a smaller domain than the other models, verification scores are quite 
competitive, particularly since these high-resolution forecasts possess significant small-scale 
structure.  

 
 LAPS375opr GASPopr LAPS125opr LAPSsevwx10 

Probability of Detection (PoD) 0.591 0.687 0.521 0.620 
False Alarm Ratio (FAR) 0.233 0.343 0.201 0.194 

Equitable Threat Score (ETS) 0.433 0.420 0.397 0.481 
 

Figure 2: Mean objective rainfall verification for period 22 May to 21 June 2005, for selected 
operational models (LAPS_pt375, GASP, LAPS_pt125) and experimental SW-LAPS 
(LAPSsevwx_pt10).   
 

A single case is illustrated in Fig. 2, which shows for a significant rain event over 
eastern Australia, 24-48 hour forecast rainfall accumulations and corresponding analysed 
values. In the table at the bottom of the figure are objective verification statistics. The 
verification scores indicate the considerable skill of the forecast.   
 

Although rainfall forecasts have been encouraging using the DA-NG methodology, 
verification using other measures of skill indicates a slight deterioration relative to 
operational systems. Typically this is a decrease in mean S1 skill for MSLP of 1-2 points 
over a month. This could possibly be attributed to the extra rainfall and its impact on 
additional circulation structure so introduced, but we also believe that the system components 
can be used in a more optimal way.     
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Figure 3: 48-hour forecast (left panel) and analysed (right panel), 24-hour accumulated 
rainfall for the 24-hour-period, commencing 0000UTC 29 June 2005. The beige areas 
indicate each system’s continental domain with valid data. 
 
Proposed methodology   
 
DA appears to define the rotational flows reasonably well, while NG assists in the definition 
of the divergent flows. By decomposing the windfield in the usual way into these components 
using stream function, y , and velocity potential,c, as, 
  

V  =  Vy   +  Vc , 
 
it may be possible to combine Vy  and Vc from DA and NG, and thus take advantage of the 
best aspects of both methods.  
 

An additional requirement we have is that the rotational flows defined during DA should 
be influenced by the specified convective heating, obtained from the satellite cloud imagery. 
We thus have configured our initialisation experiments in the following way. One 6-hour 
cycle of initialisation consists of: 
  

1. Digital filter initialisation on the objective analysis.  
2. 6-hour forecast from base time, t.  
3. Objective analysis at t+6, using the 6-hour forecast as first guess.  
4. Dynamical nudging from t to t+6, using the previously obtained analysis at  t+6 as 

target.  
5. Stream function–velocity potential (SFVP) decomposition to extract the rotational and 

divergent flows from the DA and NG analyses.  
6. A step to combine the rotational and divergent windfields to form the initial condition 

for the next initialisation cycle (then back to 1. for the next cycle).  
  

The resolution in the experiments described here is 0.3750 on the LAPS latitude-longitude 
grid, with 29 levels. 
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Preliminary results 
 
Figure 4 shows observed and forecast rainfall accumulations for 2 February 2005, when 
significant rainfall was recorded over much of eastern and tropical Australia. The operational 
forecast from LAPS (middle panel) shows considerable skill (ETS = 0.42), but has some 
deficiencies over north-west and east-central Australia. The experimental system shows 
improvements in both these regions, but also some local deteriorations relative to the 
operational forecast.    
 

   
 
Figure 4: Left panel: Analysed 24-hour rainfall accumulations for period 00UTC 2 February 
to 00UTC 3 February, 2005. Middle panel: 24-hour forecast of accumulated rainfall from 
operational LAPS375. Right panel: 24-hour forecast of accumulated rainfall from the system 
described here. 
 
There are numerous possible combinations of DA, NG and SFVP that should be tested. 
Numerous sensitivity experiments, further case studies and long-term testing are needed to 
isolate the critical impacts. Some of this will be discussed at the workshop.   
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