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ABSTRACT

A general description is given of a
numerical analysis-prognosis system whichhas
been designed specifically for operational use
over the southern hemisphere. In addition to
comment regarding possible future development
prospects, the resultsof a recent operational
evaluation of the system are presented. The
operational results are generally creditable and
invite acceptance of system potential,

INTRODUCTION

The experiment reported in this paper represents the latest extension

in a continuing research effort to extend the scope, accuracy and time scale of
numerical weather prediction in the southern hemisphere. One of the focal points
in this research is the further development and evaluation of a hemispheric

numerical analysis-prognosis system which utilises a six level primitive equation
model developed by Smagorinsky et al (1965) and subsequently restructured by

Gauntlett and

Hincksman (1971). Previous operational trials with this system

have been concerned mainly with the evaluation of individual system components,
whereas in the current experiment, interest has been directed more toward an

assessment of overall system stability and performance in a continuous ope rating

environment.
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A further motivation for the experiment was the requirement for an
operational evaluation of a ""dynamic' initialisation scheme similar to that
originally proposed by Nitta and Hovermale (1969). In recent non real-time
comparisons with convential "balanced' initialisation methods, Gauntlett (1971)
has shown that this '"dynamic' approach to initialisation can result in a useful
enhancement in the quality of numerical forecasts obtained from the primitive
equation model.

Finally, and perhaps most importantly the experiment provided a
valuable training medium for operations specialists at the World Meteorological
Centre (WMC), Melbourne to familiarize themselves with the "'man-machine mix"
processes which are an integral part of any operational numerical system. In the
southern hemisphere in particular, the '"'man-machine mix' process assumes
added significances due to the present heavy reliance placed on satellite cloud
mosaics and the consequent requirement for .adequate -interpretativeutechniques.

EXPERIMENT DESIGN

The hemispheric numerical system under consideration was run on
a continuous operational basis by WMC, Melbourne from 6 June 1971 to 4 July 1971.
The analysis-prognosis cycle was run on a 24-hour frequency. The typical real-
time sequence of operational functions during an analysis-prognosis cycle is shown
in Figl, Two aspects of the cycle require particular comment, Considerable
time (approximately 9 hours) is required for the receipt of sufficient hemispheric
data under existing communications facilities; due to limited computing resources,
a further 3 hours are required to complete the analysis-prognosis cycle. Asa
result of these limitations it is currently impossible to prepare ''operationally
timely' 24 hour hemispheric forecasts with the model configurations utilised in the
current experiment, Forecasts may however be extended beyond 24 hours by
expending only an extra 2 hours for every additional 24 hours in forecast extent,
The possibility of producing '"operationally timely" extended range forecasts is
therefore real and is the primary motivation in developing the present hemispheric
system.

A more detailed description of the program processing sequence
during a typical analysis-prognosis cycle is shown in Fig 2. During the se
experiments the WMC real time interactive control system designed by Maine (1969)
was not used to facilitate manual interaction and program execution. Rather,
individual programs including appropriate control information were activated using
specially prepared 'catalogued procedures', execution of a particular program
being initiated by submission of a minimal number of cards to the computer.

PRIMARY PROGRAM FUNCTIONS AND MODEL CONFIGURATIONS

Data Collection

Data for the experiment was collected automatically using WMC's Telegraph
Multiple Recorder (TMR). This device transfers character information from the
communication lines to magnetic tape in a pre-specified format.
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Message recognition and decoding

From all the information received by the TMR, meteorological messages are
recognized, decoded, and sorted by synoptic time, station identifier, and message
type. Unresolved messages are indicated to enable manual correction.

Validation

The decoded messages are subjected to a series of validity checks, including
internal, spatial, temporal, hydrostatic, and vertical consistency. Suspect and
corrected data are indicated.

Preanalysis

Validated messages are reorganised according to chart level; at the same time,
analyst-inserted pseudo-observations are accepted and added to the appropriate

level. From pseudo-observations of 1000-500 mb thickness, '""observations' of
500-300 mb, 300-200 mb, and 200-100 mb thickness may be generated automatically
using climatological lapse rates, obtained from climatological grid data

(Taljaard et al 1969),

Analysis

The analysis model is based on the Australian regional model described by Maine (1966)
and Maine and Seaman (1967). Apart from necessary changes in projection and

grid resolution {a 47 x 47 grid is used on a polar sterographic projection, with grid

length 274 n mi (507 km) at standard latitude 600), the following additions and
refinements have been made in order to meet particular requirements of the prognosis
model, and also to maintain consistency between successive analysis and prognosis cycles.

(i) Mixing ratio is analysed at each standard level up to 500 mb.
The first guess field is the predicted mixing ratio, with a
prescribed control by climatology. In this experiment, full
prediction was used under "warm running' conditions Ze, when
predicted fields were used in preparing a first guess for the
analysis. Climatology was used only at the initial ''cold-start'.

(i) Wind components are analysed at each standard level. These
analyses are performed immediately after the geopotential
analysis at the same level. In extra-tropical areas the first
guess field is the sum of the gradient wind component obtained
from the current geopotential analysis, and the ''non-gradient"
part of the predicted wind component. A predicted wind
component is therefore unchanged by the analysis procedure in
areas unaffected by observational data of any kind. In data
areas however, geopotential information at the same level can
influence the wind component guess field through the gradient
wind relation. Also, mean sea level pressure or geopotential -
information at a lower level can influence upper wind guess
fields through the differential procedure used to perform the
geopotential analyses.

In the tropics, no pressure-wind relation is used in the
analysis procedure, and first guess fields are obtained from
predicted wind components with.a specified control by climat-
ology. In the experiment, full prediction was used under
"warm running" conditions, and clifnatology only at the
initial '"'cold start'.
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A weighted mean of the tropical and extré-tropical firsot_ guess_
fields is used in the transition zone between latitude 15 and 25°S,

(iii) The first guess temperature at a particular level is obtained
from the analysed thickness of the layer immediately below,
and the predicted lapse rate. The predicted temperature is

therefore unchanged by the analysis procedure in areas unaffected
by data of any kind, thus ensuring consistency between analysis
and prognosis. However, wind and wind-shear information can
influence the temper'ature guess field through its effects on '
the lower thickness analysis.

(iv) Consistency between analysis and prognoses at mean sea level
and 1000 mb is ensured in the following way. When 1000 mb
is a '""real" pressure surface, the predicted mean temperature
between MSL and 1000 mb is used to compute the 1000 mb
geopotential guess field from the analysed MSL pressure, -
When 1000 mb is a fictitious surface, the mean temperature
between MSL and 1000 mb implied by the pressure reduction
procedure in the prognosis post-processing module is used.

Pre-initialisation

In the pre-initialisation phase, analyses provided by the hemispheric analysis model
on a 47 x 47 grid are converted by interpolation to the 61 x61 grid of the prognosis
model. Subsequently, further interpolation is used to transform these standard
pressure surface analyses to the ''sigma''surfaces of the prediction model. Finally,
the surface pressure field is computed using analysed geopotential height and .
temperature information.

Initialisation

*
The primary function of the initialisation program is to compute balanced wind
and mass fields prior to the commencement of prognosis. This is necessary in
order to6 minimise the occurrence, in the prediction model, of gravity-inertiél
oscillations induced by data errors and dynamic incompatibilities (with respect to

the particular prognosis model) in the numerically analysed fields. The required
dynamic balance in the initial fields is achieved using a '"dynamic'' initialisation
method. In this scheme the actual prognostic model equations, modified only by

the removal of irreversible terms are used in an iterative sense to produce the
required dynamic adjustment. An actual iteration consists of forward and back-
ward forecasts performed around the initial time utilising a modified version of
the Euler-backward time differencing scheme.

Prognosis

As mentioned previously the prediction model used in the experiments is that
developed by Gauntlett and Hincksman. In brief, the general characteristics of

the model are: primitive equation, six vertical levels using Phillip's sigma
coordinates; hemispheric, N30 horizontal resolution, ze, there are thirty points
between the pole and the equator on a polar sterographic projection; non-radiative,
hydrological processes are incorporated including a parameterization for sub-grid
scale convection and the effect of a smoothed orographic field; horizontal momentum
changes’due to ihternal viscosity are modelled according to the simple ''del squared"
formulation, whilst for the vertical, Prandtl mixing length theory is used. It
should be noted that in these experiments the turbulent transfer of heat 'and moisture
from the earth's surface was not included.
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Prognosis bost processing

In the post processing phase, vertical interpolation is used to obtain predicted
fields of wind, temperature and moisture for standard pressure surfaces from the
corresponding sigma surface predictions of the forecast model, Finally, mean
sea level pressure and the geopotential heights of standard pressure surfaces are
computed from the predicted mass fields.

DISTRIBUTION AND EXTENT OF SYNOPTIC DATA USED IN THE EXPERIMENTS

Although subject to considerable daily variation, the distribution and
density of synoptic data shown in Fig 3 and 4 are fairly typical of those available
during the test period. Due to practical contingencies, it should be noted that no
data north of 15°S was utilised. Although far from optimal] it'has Been shown  in
this experiment that the data base can support a numerical system of some operational
utility providing of course, adequate prognosis feedback is maintained, and also,
maximum use is made of available cloud satellite information.

In the current experiments most available satellite data was of local
APT origin and concentrated in the Australasian sector from 90°E to 180°E. Data
for the rest of the hemisphere was subject to considerable variation in quality, extent
and timeliness and was either in the form of neph-analyses received by radio-fax
from San Francisco and/or gridded infrared mosaics received via the ATS 1
satellite.

With these limitations in view it was decided to limit manual intervention
primarily to the Australasian sector. Over the remainder of the hemisphere manual
intervention was invoked only when it was- obvious from satellite data that the
analysis-prognosis system had developed a gross variation from reality,

The areal frequency distribution of manual intervention in the
Australasian sector for the duration of the experiment is shown in Fig 5. An aspect
of some concern is the very high frequency of intervention which was necessary over
the ocean area to the southwest of Australia, This maximum may be directly
related to the considerable cyclonic activity which resulted from the presence of a
mean trough over the area for a significant portion of the experimental period,

Much of this activity was of a relatively small scale, and as might be expected
from grid resolution considerations was not accommodated satisfactorily by the
hemispheric system. Another factor possibly contributing to the prognosis error
was the inability to adequately specify the initial state three dimensional structure
of synoptically active features. This difficulty may have been accentuated by
spurious boundary effects around pseudo-data regions arising from current analysis
procedures above 500 mb.
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Fig5 Areal distribution of the percentage number of days on which manual intervention was required in the Australian sector.

7



EXPERIMENTAL RESULTS

The synoptic results from the Australian APT region were evaluated
.as follows: )

24-hr MSL forecast

Errors of intensity, according to synoptic category, and position
associated with MSL 24-hour forecasts are summarised in Tables 1 to 3.
A noticeable aspect of these results is the rather high level of accuracy achieved
in forecasting the position of mid-latitude troughs and ridges. On approximately
50 percent of observed occasions, the position of such features was forecast to
within *2 degrees of the actual position. Individual cyclones, especially those
in higher latitudes, were not forecast with the same precision, a bias for S/SE
displacement being indicated.

An aspect of some concern is the fairly strong bias over all latitudes
for forecast low pressure systems to be weaker than observed. By contrast,
the intensity of anticyclones was well predicted with possibly a slight bias toward
over-intensification.

Table 1 Synoptic categorization of pressure errors (forecast minus
observed) associated with 24-hour MSL forecasts.

Pressure error (mb)

Category

-12 to -6 to -2 to 3 to 7 to
213mb
-7mb _-3mb +2mb_6mb 12mb -
Troughs at 40°S - 2 4 11 11 -
(28 cases)
Cvyclones between 3OOS - - 2 5 8 2
and 40°S (17 cases)
Cyclones between 41°S 1 1 - 6 14 14
and 50°S (36 cases)
Ridges at 45°S , - 6 11 3 7 -
(27 cases)
Ant1cyc10neg between 1 6 11 3 1 -
26°S and 35°S
(24 cases)
Table 2 Position errors (forecast minus observed) associated with
24-hour MSL forecasts of mid-latitude troughs and ridges.
Position Error (olongitude)
Category 6© -5%°to  -2°t0 3% to  6° to
' - -3° +2° 5° 1.0°
Troughs at 40°S 1 6 16 5 -
(28 cases)
)
Ridges at 45 S 2 2 14 3 "5
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Table 3 Position errors of cyclones and anti-
cyclones in 24-hour MSL forecasts

- o, _.. : 3
Position Error ( latitude from actual centre)

Category

° o o o not
2 6 +10 +15 retained in
forecast

v Cyclongs between 30°s 9 4 3 - -

and 40 S

Cyclones between 41°S 14 6 2 - .14

and 50 S

Anticyclones between 13 7 7 1 -

26°s and 35°S

48-hr MSL forecast

On fourteen occasions predictions were made for 48 hours. Independent
subjective assessment over the Australia-NewZealand area rated one forecast as
very good, two as good, seven as fair and four as poor. This is a creditable result

and invites acceptdnce of system potential,

24-hr 500 mb forecast

The positions of troughs and ridges were acceptably predicted, no bias
being present. There was however a persistent tendency for the amplitude and
curvature of troughs to be underestimated, This contributed to much lower than
actual wind speed over central and eastern Australia on a number of occasions. In .
parallel with surface deficiencies, predicted closed lows were always too shallow
whilst there was a slight tendency to over-emphasise highs, .

48-hr SQO mb forecast

The tendencies noted for 24-hour forecasts were still evident at
48 hours, As a result, there was a tendency for exaggerated zonal flow and a

meridional flow weaker than observed.

In summary the above synoptic evaluations suggest that with current
data the hemlspherlc system is capable of providing broad-scale products to
48 hours. However, in general "development" has not.been.adequately demon-
strated, Inthe Australian APT tegion the 500 mb prediction is acceptable for
qualitative forecastmg of weather provided the foregoing is understood. In this

region also the surface pred1ct1on is useful to 48 hours

[

Fairly typ1ca1 examples of the current analysis potential of the hem-
1spher1c system, bearing in mind the data limitations, and also the restrictions
on manual 1ntervent10n outlined in the previous section, are included at Fig 6 and 7.
In order to gauge the consistency of the operational analyses both in the vertical
and also in time, analyses for both MSL and 500 mb are included in the figures for
consecutive days. As a further evaluation guide, infrared hemlsphenc mosaics for

corresponding synoptic periods are also shown.

Care should be taken in the 1nter-

pretation of the latter, however, due to the asynoptic naturé of certain portions of’
" the cloud photograph especially in the Atlantic and Pacific sectors.

72






