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The possible practical importance of various contemporary research initiatives in the

field of Numerical Weather Prediction is reviewed in the light of current Australian

operational practice. Particular emphasis is given to shorter-term (1 to 4 days)

prediction. An important conclusion is the identification of a significant potential for
further substantial gains in operational performance.

Introduction

Today, 30 years after the pioneering experiments of
Charney et al. (1950), the practice of Numerical
Weather Prediction (NWP) has advanced to the
point where Richardson’s (1922) prophetic ‘dream’
of automatically forecasting the weather is indeed
becoming a reality, at least for periods of two to
three days in the southern hemisphere and even
longer in the northern hemisphere.

The traditional use of the phrase NWP is of
course something of a misnomer. With the
exception of certain Model Output Statistics (MOS)
applications (Klein 1976), NWP has not been
concerned with the prediction of weather elements
per se, but almost exclusively with the larger-scale
(> 100 km) circulation changes that have such a
profound influence on the evolution of local
weather. By the late 1970s, however, mesoscale
models began to proliferate and it is anticipated that
during the 1980s NWP will move closer in practice
to its literal meaning, namely, the prediction of
detailed weather on scales of 10 to 30 km.

Notwithstanding the previous emphasis of NWP
on the larger scale, there can be no doubt that the
methodology has had an important positive impact
on forecast verification accuracy. This is especially
so in the United States where favourable verification
trends are observed in not only forecast weather
elements such as rainfall occurrence (Charba and
Klein 1980) and temperature (Klein 1976), but also
in the ability of meteorologists to predict the
occurrence of severe storm events on the synoptic
scale (Cressman 1978).

In the United Kingdom, forecast accuracy in the
24 to 72-hour range has also substantially improved
largely as a result of objective numerical models.
According to Mason (1978): . . . the overall

accuracy of 72 hour predictions of surface weather is
now about as good as that of 48 hour predictions of
ten years ago, and the 48 hour forecasts are now
about as good as the 24 hour forecasts were then.
Moreover the number of serious errors in the 24
hour forecasts (synoptic reviews) has been halved
from about 13% to 6% whilst the proportion of ‘A’
markings has increased from about 50% to 70%’.

Improvement trends of similar degree and extent
are not evident in Australian verification statistics
principally because of resource considerations and
the particular operational constraints which apply to
the application of NWP in the southern hemisphere.
Even so, impressive local gains have been made in
terms of predicting larger-scale circulation changes.
In fact, the past decade has witnessed Australia’s
emergence as a major international innovator and
exponent of NWP.

The purpose of this paper is to review the current
status of NWP in Australia and to comment on the
possible practical importance of various
contemporary research initiatives, with emphasis
being placed on the shorter term (1 to 4 days). In
this context, prime consideration will be given to
Australian research supplemented as necessary by
the results and experience of the wider scientific
community. Maine et al. (1981) have recently
completed a related study wherein scientific
developments were linked to what may be termed a
total future system requirement for Australian
NWP. Our concern is not so much with the practical
logistics of future NWP applications, but rather
with the likely specific predictive performance of
NWP for various meteorological phenomena and
for various space and time scales. In addition, the
present study includes consideration of several new
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-and important research findings which are only just
beginning to emerge following the impetus afforded
by the First GARP Global Experiment (FGGE).

The paper divides itself logically into three
sections. First, we will be concerned briefly with the
current performance of Australian operational
NWP systems contrasting where necessary with
performance elsewhere in the world. The second and
major concern is to relate current research
initiatives to possible further gains in performance
and, finally, we will identify certain residual
problems for which technical solutions are likely to
be both difficult and possibly evasive.

Current status

Resource considerations and particular operational
requirements have had an important influence on
the design of current Australian NWP systems. For
example, limited computational access accelerated
the development of computational algorithms such
as the spectral technique (Bourke 1972) which
readily encompass highly efficient semi-implicit
time integration procedures. The paucity of
conventional data has also resulted in special
emphases for deriving quantitative data from
satellite imagery (Guymer 1978), and their optimal
inclusion in numerical systems. Some of these
developments have had a profound influence on the
development of NWP systems elsewhere in the
world.

Maine et al. (1981) have included a
comprehensive overview of the configuration of the
current operational Australian NWP system
including consideration of such aspects as
communications and observations, data entry and
display, analysis, prognosis and operational output.
The key scientific elements of the system are the
observational network and the analysis and
prediction models. Of these, there is no doubt that
the observational data base still remains the single
most important limiting factor in Australian NWP
performance. There are, however, some optimistic
signs. The FGGE, for example, provided a clear
substantiation of both the technical feasibility and
scientific capability of a satellite-monitored
southern hemisphere ocean buoy network. Further,
the recent acquisition of TIROS-N local readout
facilities has provided an important new capacity to
observe the atmosphere’s thermal structure at a
resolution approaching the requirements of modern
NWP applications. Some appreciation of the
potential of this sytem is obtained from Fig. 1 which
shows the impact of these new data on numerical
analysis. Notice in particular the ability of the
TOVS data to define a cold pool associated with a
small ‘comma cloud’ in the eastern Great Australian
Bight.

The analysis model for both regional and
hemispheric applications is based on the Cressman
successive correction method, however for regional

applications in particular this method has been
extended to include variational blending principles
(Seaman et al. 1977). This latter technique has the
particular advantage of minimising boundary
problems between areas of high and low data
densities, and also improves the consistency and
dynamic balance of wind and geopotential
observations.

For prediction, advanced models based on the full
primitive equations are employed. For regional
applications the primitive equations are discretised
within a model format which embodies a staggered
horizontal space grid (250 km), ‘sigma’ vertical
coordinates (six levels) and a semi-implicit time
integration algorithm (McGregor et al. 1978).
Similar concepts have been used for hemispheric
applications since 1976 with the exception that the
model is formulated in terms of spherical harmonic
coefficients (Bourke 1974). A feature of these
models is the severe limitation imposed on their
performance both by inadequate data and
resolution, the latter being a direct consequence of
available computing power. Even so, results indicate
a substantial improvement over previous manual
methods and a consistently improving temporal
trend. Figure 2 illustrates this trend for the
Australian region and includes for comparison the
corresponding US record. The trends are relative to
base dates of 1962 for the US and 1966 for
Australia. An important feature of the respective
performance records is the substantial improvement
following the introduction of primitive equation
models. In the US this was matched by a
corresponding improvement in the forecast accuracy
of weather elements such as temperature largely as a
result of the parallel development of appropriate
MOS procedures. In Australia, corresponding
developments have only recently been pursued in
earnest with Woodcock (personal communication)
indicating highly encouraging preliminary results.

There are of course other methods for evaluating
the effectiveness (or otherwise) of NWP and perhaps
one of the most pertinent is the guidance offered to
the forecaster by the model in situations involving
severe weather occurrence. Surveys conducted by
the National Meteorological Analysis Centre
indicate that current systems leave much to be
desired in this respect. Over one twelve-month
period the subjective guidance offered by the NWP
system in such situations was deemed to be less than
adequate on over 50 per cent of occasions. In view of
the natural association of much severe weather with
‘mesoscale disturbances, and the current relatively
low resolution of Australian NWP models, this
result is not surprising. Indeed current research with
mesoscale prediction models (see next section)
indicates considerable optimism for predicting the
development and translation of certain classes of
severe weather-producing phenomena.

A useful survey has also been conducted by
Downey et al. (1980) as to the synoptic guidance
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Fig. 1 Numerical analysis of 500 mb temperature °C (upper left) using TOVS data compared with corresponding NMAC
analysis without TOVS data (upper right). Also included is the TOVS data availability (lower left) showing the
resolution of the HIRS (*) and MSU (M) instruments, and the GMS visual cloud picture (lower right). Base time 00

GMT 13 December 1980.
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Fig. 2 Temporal trend of Australian and US annual mean
500 mb S1 skill scores (full lines) and root mean
square temperature errors (dashed lines) expressed
as a percentage improvement over levels existing
prior to the introduction of NWP methods.
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afforded by the current NWP system and the
Australian Region Primitive Equation (ARPE)
model in particular. Based on comprehensive
subjective and objective comparisons by experienced
forecasters over a limited time period of 30 days,
Downey et al. concluded: ‘. . . that the numerical
prognoses are significantly more valuable as
forecast guidance than the manual prognoses’. They
also highlighted the difficulty that both the manual
and current numerical procedures exhibit in
consistently discriminating cyclogenetic events.
Similar deficiencies are not so readily evident in
southern hemisphere prognoses produced by the
European Centre for Medium Range Weather
Forecasts (ECMWF) and now locally available in
real time. These prognoses are initialised over a
global domain using advanced four-dimensional
assimilation methods (see next section) and
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Fig. 3 The ECMWF analysis and prognosis at days 2 and 4 compared with NMAC analyses at the same verification times.
Base -time for the initial analyses was 12 GMT 9 October 1981.
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computed at quite high horizontal, (150 km) and
vertical (15 levels) resolution. The advantages can be
seen in Fig. 3 which includes a recent four-day
ECMWEF prognosis for the Australian region. The
forecast is typical in that it illustrates both desirable
and undesirable features. Notice in particular the
ability of the model to predict four days in advance a
developing easterly trough over eastern Australia.
Over waters south of the Australian continent there

have been several active frontal events during the
period and the forecast in this region is only of
broad qualitative value. As demonstrated in the
following section this overall level of predictive
capability is currently available from Australian
NWP models in a research mode, however their
implementation awaits the acquisition of updated
computing resources by the Bureau of Meteorology
in 1982,
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Recent developments

Research aimed at ameliorating some of the
deficiencies referred to in previous paragraphs and
thereby improving the operational performance of
Australian NWP systems is proceeding at a rapid
pace. A convenient approach for describing recent
developments is to partition the problems according
to scale, commencing first with hemispheric
applications and proceeding then to limited
area/regional considerations. Finally, some specific
comments will be made on the particular
requirements of tropical NWP.

The hemisphere

The data bases resulting from the FGGE have
provided a major stimulus for the development of
improved large scale prediction models suitable for
extended range forecasting purposes. A feature of
the FGGE data bases, and also those now available
in part for operational purposes, is the
predominance of asynoptic data originating
principally from space-based systems. The
development of a consistent methodology to
assimilate these data in order to maximise prognosis
performance is a major task.

In order to meet this requirement Bourke et al.
(1981) have constructed a comprehensive four-
dimensional data assimilation scheme. In this
scheme, data are ‘assimilated” at intermittent
intervals (usually every six hours) by a local analysis
of available data on the transform grid of the
hemispheric multi-level spectral model. After the
application of Normal Mode Initialisation (NMI)
to ensure dynamical consistency in the updated
fields, the spectral model is then integrated forward
to the time of next data receipt. Advantages of the
method are the maintenance of time continuity in
the analysed variables and mutual dynamic
consistency between variables. A direct
manifestation of these advantages in terms of
improved prognosis performance is seen in Fig. 4
which shows a 24-hour prognosis initialised by the
assimilation model compared with the current
operational capability. Also shown in the figure is
the verification analysis (prepared by the
assimilation system), a 24-hour prognosis from the
operational analysis, and a 24-hour prognosis from
an operational analysis enhanced by the addition of
all data available to the assimilation model.

The assimilation model also provides a powerful
diagnostic framework for assessing the analysis and
prognosis impact of various components of the
observational network. This impact is assessed by
‘controlled’ assimilation sequences involving the
omission of selected observational items from the
network. Figure 5, for example, shows the relative
impact on 48-hour prognosis of ocean buoys and
satellite temperatures for limited periods of the
FGGE. Notice that the effect of removing ocean
buoy data from the control assimilation results in a

Fig. 4 An example, taken from Bourke et al. (1981), of the
impact on MSL prognosis of four-dimensional data
assimilation. The figure includes (i) the assimilation
analysis (mb) for 00 GMT 20 May 1979 (ii) the
assimilation analysis (mb) for 00 GMT 21 May 1979
(iii) 24-hour forecast from the operational analysis
(not shown) for 00 GMT 20 May 1979 (iv) 24-hour

forecast from an operational analysis for 00 GMT 20

May 1979 but enhanced by the inclusion of

additional FGGE data, and (v) 24-hour forecast from

the assimilation analysis for 00 GMT 20 May 1979,

(iii)

degradation in 48-hour prognosis performance
(averaged over 3 cases) at all levels but especially the
surface. Similarly the removal of satellite
temperature results in a degradation at all levels but
especially at 200 mb.

Extending the period of viable prognosis beyond
the current Australian practical operational limits
of 36 hours is also a matter of considerable interest
and experimentation. Puri (1981) has used a
hemispheric version of the ANMRC spectral model
at wave number 31 truncation to achieve results for
the southern hemisphere which further substantiate
those discussed earlier from the ECMWF. In the
winter season in particular there is considerable
confidence that practical limits of predictability can
be extended to at least 72 hours.

The Australian region
The Bureau of Meteorology adopted the Australian
Region Primitive Equations (ARPE) model in late
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Fig. 5 SI1 skill score forecast verification statistics, aver-
aged over three situations, and verified against both
operational analyses and control analyses prepared
by the assimilation system of Bourke et al. (1981).
The dotted line denotes 48-hour prognoses prepared
through the use of all available FGGE during
assimilation, crosses — no buoys, arrows — no
satems, and full line — persistence. Information
supplied through courtesy of Bourke et al. (1982).
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1977 to provide twice-daily 24-hour forecasts. By
standards elsewhere, this operational model has not
been used to its full potential, mainly because of
traditional southern hemisphere data problems and
limited available computing facilities for
operational forecasting. However, at a research
level, computing limitations are not so important
and the model has been enhanced in a number of
ways including increased resolution, experiments
with improved data bases (particularly FGGE data
sets), and the inclusion of better formulations of
physical processes. As reported by Leslie et al.
(1981), the impact of these improvements both
individually and collectively has been considerable
and it should reasonably be expected that the gap
between the skill of limited area northern
hemisphere models and that of ARPE will continue
to close.

The year 1980 also marked the first successful
Australian mesoscale numerical weather
predictions. A ten-layer 60 km horizontal resolution

model on a movable fine mesh, developed by
Gauntlett and Leslie, was tested on several meso-
scale weather situations. This movable fine mesh
(MFM) model is intended to be applied in instances
where high resolution effects such as small-scale
weather features or detailed orography are
predominant. The MFM has been tested on several
such events. One of these is the ‘southerly buster’, a
strong wind change along the New South Wales
coast which accompanies the passage of a cold front
across southeastern Australia (Colquhoun 1981).
An example of a southerly buster forecast is shown
in Fig. 6. Here the forecast from the operational
ARPE model is compared with the forecast from
the MFM model. The operational model cannot
resolve the forcing mechanisms which contribute to
the development of the southerly buster and
consequently shows no evidence of it. On the other
hand, the MFM model has forecast with
considerable fidelity the location of the southerly
buster and the associated distortion of the cold front
by the southeastern Australian highlands.

Over the next few years, Australian regional
NWP research is expected to place increasing
emphasis on the problem of mesoscale prediction.
These endeavours will be facilitated by further
refinements to satellite temperature retrieval
systems through the inclusion of higher spatial and
temporal resolution and the amelioration of signal
contamination due to influences such as
transmissivity changes over high terrain and low
stratus decks.

The tropics

Compared to skill exhibited in middle and high
latitudes, the performance of NWP models in low
latitudes has been traditionally rather poor. This
fact has consequences for the Australian region, as
much of the continental area is under tropical and
subtropical influence during the summer months.
Figure 7, taken from Leslie et al. (1981), shows the
skill of the ARPE model in summer and winter. It is
clear that the operational model is only of marginal
value north of 30°S in summer and north of 20°S in
winter. The need for improved prediction in the
tropics has been recognised in Australia and several
initiatives have commenced towards understanding
and, hopefully, solving some of the major problems.

One of the primary problems is the lack of
sufficient data in the tropics owing to the lack of a
regularly-reporting network of stations. The
expense involved in setting up these stations, and the
fact that the oceans occupy a large fraction of the
tropics, means that apart from during special
experiments like GATE, FGGE and MONEX,
conventional stations will remain inadequate.
Observation System Simulation Experiments
(OSSEs) such as those performed by Gordon et al.
(1972) show clearly that the key initial state
parameter for NWP models in low latitudes is wind
observations. In this context, satellite temperature






