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1.   INTRODUCTION 
 

The Special Sensor Microwave Imager (SSM/I) is a 
radiometer on board of a Defense Meteorological 
Satellite Program (DMSP) satellite. These are sun-
synchronous polar orbiting satellites. The DMSP 
satellites F13, F14 and F15 are used in this study. 
Detailed description of the instruments and retrieval of 
data is given in (Phalippou, 1996) and (Deblonde and 
Wagneur, 1997). Brightness temperatures from the 
SSM/I instrument are used to retrieve atmospheric 
parameters which include the near surface wind speed 
over the ocean, column integrated water vapour and 
liquid and ice water path. These retrieved parameters 
are part of the observation set analysed by the U.K. Met 
Office 4dVAR data assimilation system (Rawlins et al. 
2007). This is also the data assimilation system used 
within the  Australian Community Climate and Earth 
System Simulator (ACCESS) NWP suite.  

Although many SSM/I observations are rejected 
because of cloud, rain contamination or failure to pass 
other quality control checks, there are far more 
observations available to the assimilation system than 
can actually be analysed. The main impediment to using 
all of the data is the computational load of processing 
and analysing a large number of dense observations in 
an operational 4dVAR system. To make the problem 
tractable within an operational context a common 
assumption in 4dVAR methodology is that the 
observation errors are uncorrelated. To use SSM/I 
observations effectively in 4dVAR they therefore need to 
be thinned to minimize observation error correlations. 

Different assimilation and model configurations require 
different thinning distances for each class of satellite 
observation depending upon the accuracy of the model, 
the satellite footprint and the accuracy of the 
observation error covariance.  This is because forecast 
models differ from each other and the accuracy of 
observation error covariance (particularly the error of 
representation) depends upon the forecast model as 
well as weather conditions. However, observation error 
covariance matrices used in the assimilation systems 
are generally not changed with changing geographical 
locations or weather conditions. Satellite observations 
are therefore thinned to obtain an optimal solution 
between ignoring too many observations and having 
correlated observation error due to using too dense 

observations. Thinning of satellite data generally 
improves forecasts, however in certain instances the 
information gained from using high density data may be 
greater than the errors due to ignoring observation error 
correlations.  This means that the high resolution 
satellite data can still be useful for successful 
forecasting of special weather events, such as, a 
tropical cyclone or a cold front (Dando et al. 2007). 

Here we explore the different possibilities of using 
SSM/I data in the U.K. Met Office 4dVAR assimilation 
system to get maximum positive impact on ACCESS 
NWP forecasts over the Australian region. 
 
2.   EXPERIMENT 
 
The thinning of SSM/I data in ACCESS global model 
(ACCESS-G) is performed such that the observations 
are spatially thinned at 250km in the Northern 
Hemisphere and 125km in the Southern Hemisphere. A 
brief description of the model is given below. We 
conducted the first part of the experiment in a global 
model framework where we have used uniform thinning 
distances for SSM/I data at 250km (SSMI-250-glb) and 
125km (SSMI-125-glb). The simulations were carried 
out for 15 days from 2008071512 UTC to 2008073112 
UTC and the results were analysed against each other.  
This period was chosen for the experiments, as there 
was a strong convective event in northern Queensland 
and it was anticipated that assimilation of SSM/I data 
during that period may contribute to accurately 
predicting the event.  

In the second part, we used the boundary conditions 
from our global experiments to run the Australian 
regional model (described below) over the same period 
of time. The experiments are run with 250km (SSMI-
250-reg) thinning and 125km thinning (SSMI-125-reg) of 
SSM/I data. The results from these runs are compared 
with the standard pre-operational test version of the 
ACCESS regional system which currently does not 
assimilate SSM/I data. The regional system is also 
simulated for a whole month in November 2008 where 
SSM/I data at 125 km thinning is assimilated. 

In the third part, the ACCESS-A regional system with 12 
km horizontal resolution is run for three different days in 
November 2008 when strong convective events have 
been noted. SSM/I data were assimilated at 125 km 
amd 80 km thinning for this experiment. The results are 



compared with the pre-operational ACCESS-A which 
excludes SSM/I data in assimilation. 
 
 
3. MODEL DESCRIPTION 
 
 Model 4dVAR 
ACCESS-G 90km, 50 levels 120km, 50 levels 
ACCESS-rR 37.5km, 50 levels 70km, 50 levels 
ACCESS-A 12km, 50 levels 33km, 50 levels 

Table 1. Model description 
 
4. Results 

The observation coverage plots close to 2008070906 
UTC for ACCESS-G, SSMI-250-glb and SSMI-125-glb 
are shown in Figure1. The difference in thinning 
distances can be noticed especially for ACCESS-G 
system where there is a split between the Northern and 
Southern Hemispheres. 
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Figure 1. SSM/I observation coverage plots for 
ACCESS-glb(no. of obs. 6948), SSMI-250-glb(no. of 
obs. 2754)  and SSMI-125-glb(no. of obs. 10281) at 
2008070906 UTC. 

Although it is recognized that the study conducted for 15 
days provides only a small sample of results, 72 hour 

forecasts from the global runs ACCESS-G, SSMI-250-
glb and SSMI-125-glb were verified against their own 
analyses from 20080701600 UTC to 2008072700 UTC 
for S1 Skill score, root mean square error (RMSE), bias 
and anomaly correlation, shown in figure 2. Although 
there is negligible difference in S1 skill score and 
anomaly correlation  for the three runs, there was a 
significant improvement in bias as well as in RMSE if a 
uniform thinning distance is used in both hemispheres. 
The improvement in RMSE is seen mostly in the tropics 
which is a region of our interest. 
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Figure 2. Verifications of S1 skill score, RMSE, bias and 
ANCOR at 500 hPa height over tropics and MSLP over 
Southern Annulus from 20080701600 to 2008072700 
UTC.Legends: ACCESS-G(Blue) ACCESS-250-
glb(red), ACCESS-125-glb(black). 

ACCESS-reg system simulation with varying thinning 
distances of SSM/I data has also been verified. A slight 
degradation of verification skills is noted when SSM/I 
data are used in assimilation at 250km thinning 
distance. The impact is positive for MSLP bias at 48 
hour forecast over the Southern Hemisphere Annulus 
when SSM/I data is thinned at 125km. With the usage of 
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125 km thinning distance the impact on the other 
verification skill scores are neutral.  
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Figure 3. Verifications of S1 skill score, RMSE, bias and 
ANCOR at 500 hPa height over tropics and MSLP over 
Southern Annulus from 20080701700 to 2008072900 
UTC. Legends: ACCESS-R(red) ACCESS-250-
reg(green), ACCESS-125-reg(blue). 

As mentioned earlier, during the period of this 
experiment there was a strong convective event in 
Northern Queensland on the 23rd of July. In order to 
diagnose if there was any impact in the moisture due to 
assimilation of SSM/I data at 250 km and 125 km 
thinning distances, Relative Humidity (RH) prediction 
from SSMI-250-glb and SSMI-125-glb are compared. 
 
 

 

Figure 4. Difference in zonal average RH between 
125km and 250km thinning of SSMI data: 12 hour 
forecast at 2008072212 from 145oE to 165.5oE.  

Figure 4 shows the difference in 24 hour zonal average 
RH forecast at 2008072300 UTC between 145oE and 
165.5oE. A relatively high RH is observed between 1000 
to 850 hPa in SSMI-125-glb compared to SSMI-250-glb. 
This difference in moisture content in the lower 
atmosphere might contribute to a positive impact on 
rainfall forecast skill and will be the subject of further 
work. 

Initial studies from the simulation of the ACCESS-R 
model showed a significant improvement in the model’s 
S1 skill score, RMSE and bias in MSLP up to 36 hour 
when SSM/I data were added in the assimilation system 
however, the impact was neutral to slightly negative for 
48 hour forecast. Results from the ACCESS-A models 
are still being analysed and detailed results will be 
presented in the near future. 
 
5. CONCLUDING REMARKS 

The global model simulation using uniform thinning of 
SSM/I data has shown improvement in the model’s S1 
skill score, RMSE and bias over a 15 day period. 
Furthermore, improvement in the performance of the 
ACCESS-R model has also been noted from very initial 
results. The preliminary results show that the model 
was unable to capture the large scale circulation be 
simply reducing the thinning distance of SSM/I data in 
assimilation. However, the model is sensitive towards 
the data as the amount and the spatial distribution of the 
precipitation changed considerably when compared with 
satellite derived rainfall amount and precipitation 
analysis. More studies using results from the ACCESS-
R domain and ACCESS-A domain are being undertaken 
and results will be presented in the poster. 
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