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Shorter contribution

Cloud drift winds in the Australian
Bureau of Meteorology: an
operational note

The Australian Bureau of Meteorology is the first
organisation, other than those directly operating
the four geostationary meteorological satellites, to
produce cloud drift wind data for operational use.
These data are used in the analysis cycle of the
local operational Numerical Weather Prediction
system. Local processing of Geostationary
Meteorological Satellite (GMS) digital infrared
data into cloud motion vectors has provided sev-
eral advantages. It ensures timely availability of
the data in the National Meteorological Centre for
the Regional Assimilation and Prognosis (RASP)
system. It allows quality control and, in particu-
lar, height assignment to be closely tied to the
RASP system, which is consistent with the long-
term requirement for the processing of these re-
motely sensed data to be done as part of the
analysis system. Importantly, use of the data has
resulted in small but consistent improvements in
forecasts over the Australian region in a parallel
trial over twenty days.
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From 1987, cloud drift winds (CDWs) have been
derived on a research basis at the Bureau of
Meteorology (BoM) in Melbourne using sequen-
tial imagery from the Japanese meteorological
satellites GMS-3 and GMS-4 (Le Marshall et al.
1988). Before 1989, the winds were calculated
from hourly special observations requested from
the Japan Meteorology Agency (JMA) by the BoM

during times of severe weather. These analogue -

data were received in Melbourne and sub-
sequently digitised and navigated before being
used to calculate cloud motion vectors. In 1989,
the BoM established a GMS Stretched Visible and
Infrared Spin Scan Radiometer (S-VISSR) data
reception facility. Upon reception, the GMS data
are fed through a high-speed channel interface to
the Bureau’s mainframe computer, where data are
radiometrically calibrated, navigated and stored
on disc in cyclic datasets by the Australian Region
McIDAS (ARM) (Le Marshall et al. 1987).
Winds are calculated fully automatically within
the ARM environment for base times of 0500,
1100, 1700 and 2300 UTC. The method has been
developed from early work on the Man-computer
Interactive Data Access System (McIDAS) at the
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Space Science and Engineering Center at the
University of Wisconsin (Suomi et al. 1983). The
local processing has been developed to oper-
ational status. Targets are selected automatically
from images, separated by half an hour. The
winds are automatically calculated by a target cor-
relation technique, with height assignment and
quality control of the vectors determined using
temperature and wind fields from the operational
Regional Assimilation Prognosis scheme, RASP
(Mills and Seaman 1990). The system has been
designed to provide timely, high resolution winds
to the operational RASP system, which has a short
data cutoff of + 1.5 hours. The system also has the
advantage that the retrieval may be performed as
part of the analysis/prognosis cycle.

The cloud drift wind system

There are several components in the cloud motion
vector calculation system. After reception at the
BoM, the imagery is carefully navigated using or-
bit, attitude and landmark data from the S-VISSR
header together with some refinements which in-
clude statistical correction of navigation infor-
mation and horizon detection. The imagery is
then searched for potential target areas by exam-
ining maximum and minimum pixel values and
brightness temperature gradient maxima, which
act as potential targets for cloud drift wind calcu-
lations. After target selection, the targets are
tracked automatically using forecast winds from
the RASP system as a first guess, then a lagged
correlation technique which minimises RMS dif-
ferences in brightness from successive pictures is
used in order to estimate the vector displacement.
Height assignment is performed using tempera-
ture profiles provided by the RASP. Upper-level
cloud heights are assigned to the cloud top, which
is estimated by an examination of the cold tail of
the upper cloud population, assuming the cloud
temperature for the winds to be just above the
fowest 5.5 per cent of the cloud population. The
cloud height assigned to the low-level winds is that
of the base of the clouds as determined from the
imagery; the height assignment moves progress-
ively from the base to the top of the cloud with
increasing altitude from low to high cloud. Deter-
mination of the cloud temperatures associated
with winds is presently done by fitting Hermite
polynomials to smooth raw histograms of bright-
ness temperature, enabling estimation of cloud
base altitude using the RASP.
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There are a large number of tests associated
with the processing; quality control during the
cloud height determination is quite stringent. The
overall quality control has several parts and each
can cause the effective rejection of cloud drift
wind vectors by tagging them with large error esti-
mates. The quality control mechanism is fully
automatic and relies heavily on the RASP system.
The wind data are tested, and error estimates as-
signed, based on several criteria including corre-
lation between the brightness temperature arrays
of the search and target areas, the differences be-
tween two vectors relating to pairs of half-hourly
images and the deviations of the calculated wind
vectors from the forecast wind fields.

An example of winds generated by the oper-
ational system is illustrated in Fig. 1, and statistics
giving the mean vector deviation of the winds
from radiosondes within 100 nautical miles are
shown in Table 1. The table (constructed from
monthly data which covered the period of the op-

erational trial) also includes statistics for Japan
Meteorological Agency (JMA) wind vector data at
the same time and within 100 n mi of the same
radiosondes over the Australian region, for com-
parison purposes. The local system provides 400
to 600 wind vectors every six hours.

Table 1. Mean vector difference between radiosondes,
BoM and JMA winds (within 100 n mi) over
the Australian region for May 1992.

, - No. of Mean|Vector
Wind level Origin cases diff|m s~
High Bom 70 6.1

JIMA 70 7.2
Middle BoM 29 4.6
JMA 29 5.2
Low Bom 444 3.1
JMA 444 4.2
Overall BoM 543 3.5
JMA . 543 4.6

Fig.1 Local cloud drift winds for 1700 UTC on 19 May 1992. White arrows denote low level, grey arrows denote middle-
level and black arrows denote upper-level winds. Automatically selected tracers are denoted by =.
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The assimilation system

The BoM operational limited area data assimi-
lation system has been described in detail by Mills
and Seaman (1990). Briefly, it consists of a static
analysis of deviations of data from a short-term
forecast on pressure surfaces, followed by an in-
terpolation of these analysis increments to the
sigma-surfaces of the Australian Region Primitive
Equations (ARPE) forecast model, the addition of
these increments to the forecast model variables
and the integration of the model forward to the
next analysis time. Thus at each data insertion
time, the analyses reflect the observations, but
have a strong dynamic constraint provided by the
forecast model. MSLP and geopotential layer
thicknesses are analysed using two-dimensional
univariate statistical interpolation (SI), wind
component analyses are analysed using 3-dimen-
sional univariate SI, and temperature and dew-
point are analysed using the successive correction
method. Mass and wind increment analyses are
mutually adjusted to reflect their respective analy-
sis accuracies using variational techniques, and
separate analyses of screen-level temperature and
dew-point are merged with the tropospheric
analyses. Data are analysed on 11 pressure levels,
the forecast model linking the analyses has 15
sigma levels, and both have a horizontal grid
spacing of 150 km.

The analysis system was designed with single-
level wind data as part of the data base, and thus
three-dimensional influence functions are used
for the wind analyses. The correlation functions
for wind are gaussian in the horizontal, but ani-
sotropic depending on the wind direction. The
two-point correlation function in three dimen-
sions is the product of the corresponding vertical
and horizontal correlations. In the data selection
and checking phase of the analysis, close single-
level winds can be combined into a single obser-
vation of greater reliability, a ‘superob’ (see Mills
and Seaman (1990) for detail), taking into account
both their horizontal and vertical separation. A
single-level wind observation is given a lower
weight in the data selection process than a radio-
sonde wind. The option exists to exclude cloud-
tracked winds if the wind speed of the background
field exceeds a certain value. As data match-ups
had not shown significant bias in the local CDWs,
this parameter was set to 80 m s~ !, effectively
allowing all CDWs to pass this check.

The operational trial

From 0000 UTCon 11 May 1992 to 0000 UTC on
31 May 1992, 40 test cases were run from base
times of 0000 UTC and 1200 UTC on each day, to
test the impact of the operational implementation

of the cloud drift wind system. In this trial, cloud
drift winds (which were available for most analy-
sis cycles) were used in the real-time RASP system
described in the previous section and both a syn-
optic assessment and skill score calculation were
undertaken for the resulting forecasts. During the
trial, the local cloud drift wind data were added to
the NMC data base, which included any JMA
winds that arrived before the operational cutoff.
In practice, JMA data were usually available for
the 0600 and 1800 UTC analyses but arrived after
the operational cutoff for 0000 UTC and 1200
UTC analysis and forecast cycle run. The oper-
ational NMC run was the control.

For the test period (which followed extensive
testing in the development mode), a small positive
but consistent impact on skill score for mean sea
level pressure and all geopotential heights was
demonstrated. This can be seen in Table 2 which
shows S1 skill scores verified against the oper-
ational analysis and also the wind assimilation
analysis. These results are consistent with the im-
provements shown in the real-time development
tests (e.g. Le Marshall and Pescod 1991), although
the magnitude of improvement varies from
month to month. In addition to the improvement
shown in the skill score table, there were also vis-
ible changes in the forecast charts. One change,
which occurred on several occasions, was an en-
hancement of the jets to the east of the Australian
continent. Such an enhancement is illustrated in
Fig. 2. It should be noted that while this exper-
iment was in progress, the usual provision of
manual pseudo-observations over data-sparse
areas south of Australia for mean sea level press-
ure was not assisted by the use of local cloud drift
winds and, as a result, the 0000 UTC and 1200
UTC mean sea level pressure charts did not ben-
efit from the provision of these data during the
operational trial.

Conclusions

As a result of the evidence provided by the oper-
ational trial and previous testing over a six-month
trial period in research mode, locally derived
cloud drift winds from Japanese GMS imagery
were incorporated into the operational RASP sys-
tem from 3 June 1992. Analysts providing bogus
observations for the mean sea level pressure
charts have also been able to access these data
before drawing these charts from that date. Test-
ing, both in research and operational mode has
indicated: (a) the data arrived in a timely fashion
for the 0000 UTC and 1200 UTC analyses, and
(b) the winds improved the operational Regional
Assimilation Prognosis forecasts (the amount of
improvement varied from month to month). The
winds are now also being used in the construction







