
Introduction
This summary continues the series comparing the per-
formances of Numerical Weather Prediction (NWP)
models.

Models and methods
A description of the Australian verification methods
can be found in a previous article (Skinner 1995).

Models are from the National Meteorological
Operations Centre (NMOC) Melbourne and from
ECMWF (European Centre for Medium-range
Weather Forecasts), NCEP (National Centers for
Environmental Prediction, USA) and UKMO (United
Kingdom Meteorological Office). Reference is also
made to the JMA (Japan Meteorological Agency)
model.

The three models considered from NMOC,
Melbourne, are: LAPS or LAPS_PT375 (Limited
Area Prediction System); TLAPS or TLAPS_PT375
(Tropical Limited Area Prediction System); and
GASP (Global Assimilation and Prediction).

Overseas global models included in the compar-
isons are: ECSP (ECMWF Spectral Assimilation);
USAVM (NCEP Washington Spectral model for avia-
tion); UKGC (UK Meteorological Office Grid PE
model); and JMAGSM (JMA Global Spectral
Model).

Very short summaries of the models can be found
in the initial article (Skinner 1995) with references to
model updates in subsequent issues. 

All results have been calculated within NMOC
Melbourne, where the models were verified against
their own analyses. Results are presented for the
irregular Australian verification area only.

The statistics are a measure of the skill in forecast-
ing geopotential height at 500 hPa or mean sea-level
pressure, MSLP. Other field types are not included in
these summaries.

The limited area models are run several hours ear-
lier than GASP and this premature data cut-off, par-
ticularly for satellite information, adversely affects
their skill compared to GASP.

Note that the Australian region verification grid
has southerly points which are outside the
TLAPS/TLAPS_PT375 grid. TLAPS/TLAPS_PT375
scores are calculated without these points and are
therefore not strictly comparable with those from
other models.

Notes on NWP systems
LAPS_PT375
A new version of the Limited Area Prediction System
(LAPS) was implemented on 27 July. The new system
has a horizontal grid spacing of 0.375°, half that of its
predecessor, and the number of vertical levels has been
increased from 19 to 29. The new levels have a con-
centration of levels in the boundary layer with nine lay-
ers between the surface and the σ = 0.900 level. The
lowest level (σ= 0.999) is set at a height of 10 metres.
A new land-surface scheme has been included and the
error specifications in the analysis component have
also been revised. Full details are available in the
Analysis and Prediction Operations Bulletin 46
(NMOC 1999a). The model is a refinement of the orig-
inal LAPS (Puri et al. 1998). 
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TLAPS_PT375
The Tropical Limited Area Prediction System
(TLAPS) has also been upgraded. The 0.375°, 29
level version implemented on 22 September is based
on LAPS software augmented with several tropics
specific features.  As well as the new  features incor-
porated in LAPS, the new TLAPS system has
improved pseudo-observations of atmospheric mois-
ture and heating rates derived from GMS data. Since
the model was operational for only about a week of
the three-month period covered in this summary, the
impact of the upgrade is not expected to become
apparent until the next quarter. Full details are avail-
able in the Analysis and Prediction Operations
Bulletin 48 (NMOC 1999b).

ECSP
The number of vertical levels in the ECSP model was
increased from 50 to 60 on October 12. The horizon-
tal resolution remains unchanged at TL319. The extra
levels provide finer resolution in and just above the
boundary layer.

July to September 1999 intercom-
parisons
Local models: (LAPS/LAPS_PT375,  TLAPS/
TLAPS_PT375, GASP)
The period July to September contained upgrades to
LAPS and TLAPS which became LAPS_PT375 and
TLAPS_PT375 on 27 July and 22 September respec-
tively. Figure 1 shows three-monthly averages for
LAPS_PT375 and TLAPS as these were the models
which dominated the period. Figure 3 shows LAPS for
July and LAPS_PT375 for August and September. The
improvement in the new TLAPS model should become
apparent during the October to December quarter.

The skill-score at MSLP (Fig. 1(a)) shows GASP
still outperforms the other models but at 500 hPa (Fig.
1(c)) LAPS is now much closer and outscores GASP
in the first 24 hours. The rms errors at 500 hPa (Fig.
1(d)) also show LAPS challenging GASP’s scores. 

The individual month’s (Figs 3(a) and (b)) results
show that the above improvement of LAPS over
TLAPS occurs during August and September at both
levels. At 500 hPa LAPS_PT375 had the best scores
during these months and it is reasonable to attribute
this to the new model.

Figures 3(e) and (f) show the comparisons of the
local models over a longer period. The new
LAPS_PT375 has only two months for comparison
but these produce better skill-scores than any previ-
ous months from either LAPS or TLAPS at 500 hPa
(Fig. 3(f)) and, as in the three-monthly averages (Fig.
1), are either close to or better than GASP.

Synoptic overview for 24hr MSLP predictions
A later section ‘Synoptic intercomparison of global
models’ considers the skill of global models at 1200
UTC +72 h. Many of the situations which generated
forecast errors at this interval were also difficult at
+24 h. This section examines the predictions of the
local models at the shorter interval. Dates refer to ver-
ifying times of the forecasts.

On 4 July, LAPS produced a major error in the
Southern Ocean where the ridging to the west of a
deep trough was established too quickly by the model.
The southern boundary of TLAPS did not include the
problem area and GASP problems tended to fall out-
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Fig. 1(a) Comparison for LAPS_PT375/TLAPS/GASP
from July to September 1999. S1 skill-scores of
MSLP using combined base-times 0000
UTC/1200 UTC and intervals +12, +24, +36,
+48 h over the irregular Australian verifica-
tion grid.

Fig. 1(b) Comparison for LAPS_PT375/TLAPS/GASP
from July to September 1999. Root mean
square errors of MSLP for combined base-
times 0000 UTC/1200 UTC and intervals +12,
+24, 36, +48 h over the irregular Australian
verification grid.
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side the verification grid. The following day, an east-
erly trough deepened over West Australia and by the 6
July was cut-off and slow moving. GASP forecasts
were good, while LAPS and TLAPS initially had some
errors in position but were good on the 7 and 8 July. 

On 13 July, another Western Australian cut-off was
initially underforecast by all three local models. On
13/14 July, a cut-off low off the northern New South
Wales coast caused heavy rain. The model forecasts
for this system were all quite good with LAPS show-
ing the greatest errors. A trough developed in the east-
erlies in the south of Western Australia on 20 July. All
the models missed this deepening at +24 h.

On 5 August, a trough approaching Western
Australia developed a cut-off. All models missed this at
+24 h but successfully forecast the position and depth of
the subsequent slow-moving system over the next four
days. Later in the month, a trough crossed southeastern
Australia on the 19th. All the models showed pressures
too low in this area. They had a tendency to push a ridge
to the southeast behind the trough, but when a ridge was
established on the 20th, it was oriented east-west. This
occurred faster than expected and the situation generat-
ed the worst scores for all models for the month.

On 30 August, a low south of the Bight caused
LAPS_PT375 to generate pressure errors of 11 hPa
when the model moved it much too quickly to the south-
east. GASP also generated errors, but these were only
about 5 hPa. The TLAPS grid does not cover the area.

On 2 September, a cut-off low developed south of
Western Australia. The models initially moved it too
rapidly to the southeast. LAPS_PT375 and TLAPS
both generated large (15, 16 hPa respectively) errors
in underestimating this system. Again GASP gave the
best indication.

On 10 September, a large slow-moving anticy-
clone dominated the Bight and Southern Ocean.
Troughs upstream and downstream were handled
badly and the models underestimated their strength.
The situation caused the worst scores for the month,
although the major feature, the high, was well fore-
cast. By the next day, the trough in the Tasman had
cut-off and the second trough was moving southeast-
ward. This day also generated skill-scores that were
much worse than average.

On 15 September, a trough in the eastern Bight
developed complexity with northerly and southerly
closed centres. LAPS_PT375 was the only model to
miss the northerly centre, although both GASP and
TLAPS underestimated its intensity. 

On 21 September all models overestimated the
strength of a trough approaching Tasmania and the
intensity of a ridge in the western Bight. TLAPS had
the most difficulty with both systems.
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Fig. 1(c) Comparison for LAPS_PT375/TLAPS/GASP
from July to September 1999. S1 skill-scores of
500 hPa geopotential height (m) for combined
base-times 0000 UTC/1200 UTC and intervals
12, +24, +36, +48 h over the irregular
Australian verification grid.

Fig. 1(d) Comparison for LAPS_PT375/TLAPS/GASP
from July to September 1999. Root mean
square errors of 500 hPa geopotential height
(m) for combined base-times 0000 UTC/1200
UTC and intervals +12, +24, +36, +48 h over
the irregular Australian verification grid.

Table 1. Showing (best or equal best)/(worst or equal
worst) occurrences for each model during the
period July to September 1999. For example,
GASP in August, had the best score 25 times and
the worst score only 3 times. GASP was general-
ly the most reliable model and always had the
highest number of days with the best scores.

GASP TLAPS LAPS

July 23/6 9/16 8/16
August 25/3 5/17 5/15
September 18/5 7/15 13/10
Quarter 66/14 21/48 26/41
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Global models: (GASP, ECSP, UKGC, USAVM,
JMAGSM)
Figure 2 shows the comparisons of all the above mod-
els at intervals up to +192 h. ECSP still substantially
outscores the other models at both MSLP and 500 hPa
and for skill-scores and rms errors. USAVM out to +72
h is next best followed by UKGC. GASP has slightly
better scores than JMAGSM out to 4/5 days but
JMAGSM has better scores for the longer intervals.

The snapshot (Figs 3(c) and (d)) at 1200 UTC and
+72 h confirms the averaged performance of ECSP,
USAVM and UKGC. JMAGSM had monthly aver-
ages lower than GASP in July at 500 hPa, and in
August at MSLP and 500 hPa, but significantly high-
er in September at 500 hPa.

The models display similar relative performance
when assessing anomaly correlation (Fig. 4). If the 60
per cent level is taken as the mark of usefulness, then
ECSP was providing good forecasts nearly out to +7
days and GASP and JMAGSM to 5+ days.

Figures 3(g) and (h) show four of these models
over time. The improvement of ECSP and USAVM is
evident, particularly at 500 hPa.

Synoptic intercomparison of global
models
This section considers the predictions from the global
systems for the Australian region with the aim of

Fig. 2(a) Comparison for GASP/ECSP/USAVM/
UKGC/JMAGSM from July to September
1999. S1 skill-scores of MSLP for combined
base-times 0000 UTC / 1200 UTC and inter-
vals +24 h to +192 h over the irregular
Australian verification grid.

Fig. 2(c) Comparison for GASP/ECSP/USAVM/
UKGC/JMAGSM from July to September
1999. S1 skill-scores of 500 hPa geopotential
height (m) for combined base-times 0000 UTC
/ 1200 UTC and intervals +24 h to +192 h over
the irregular Australian verification grid.

Fig. 2(b) Comparison for GASP/ECSP/USAVM/
UKGC/JMAGSM from July to September
1999. Root mean square errors of MSLP for
combined base-times 0000 UTC / 1200  UTC
and intervals +24 h to +192 h over the irregu-
lar Australian verification grid.

Fig. 2(d) Comparison for GASP/ECSP/USAVM/
UKGC/JMAGSM from July to September
1999. Root mean square errors of 500 hPa
geopotential height (m) for combined  base-
times 0000 UTC / 1200 UTC and intervals +24
h to +192 h over the irregular Australian veri-
fication grid.
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Fig. 3(a) Monthly S1 skill-scores of MSLP for LAPS
and LAPS_PT375/TLAPS/GASP from July to
September 1999 for base-time 1200 UTC and
interval +24 h over the irregular Australian
verification grid.

Fig. 3(b) Monthly S1 skill-scores of 500 hPa geopoten-
tial height (m) for LAPS and
LAPS_PT375/TLAPS/GASP from July to
September 1999 for base-time 1200 UTC and
interval +24 h over the irregular Australian
verification grid.

Fig. 3(c) Monthly S1 skill-scores of MSLP for
GASP/EC/UK/US/JMA from July to
September 1999 for base-time 1200 UTC and
interval +72 h over the irregular Australian
verification grid.

Fig. 3(d) Monthly S1 skill-scores of 500 hPa geopoten-
tial height (m) for GASP/EC/UK/US/JMA
from July to September 1999 for base-time
1200 UTC and interval +72 h over the irregu-
lar Australian verification grid.

Fig. 3(e) Monthly S1 skill-scores of MSLP for
LAPS/LAPS_PT375/TLAPS/GASP from
January 1997 to September 1999 for base-time
1200 UTC and interval +24 h over the irregu-
lar Australian verification grid.

Fig. 3(f) Monthly S1 skill-scores of 500 hPa geopoten-
tial height  for LAPS/LAPS_PT375/TLAPS/
GASP from January 1997 to September 1999
for base-time 1200 UTC and interval +24 h
over the irregular Australian verification grid.

Text :Text   2/6/09  12:02 PM  Page 75



identifying the types of synoptic situations which the
models handle either poorly or well as a guide to the
use of the models in forecasting. As a representative
sample the 72 h MSLP predictions are considered
over a loosely defined Australian region taken as
between 10° and 40°S from 100° to 140°E and
between 10° and 45°S from 140° to 160°E. The focus
on MSLP biases the comments towards higher lati-
tudes, and tropical systems are not considered in
detail. Five global predictions routinely monitored in
NMOC were assessed – GASP, ECSP, JMAGSM,
UKGC and USAVM.

Even for this relatively short range and when ver-
ified against their own analyses, there were problems
in the predictions. Errors of 10 hPa or more occurred
over the study area on 50 per cent of occasions for
GASP and JMAGSM and 26 per cent of occasions for
ECSP. Errors exceeding 20 hPa occurred on several
occasions over the selected area, although these are
quite common in the strong westerly regime further
south where the variability in MSLP is much higher.

Meridional flow patterns 
On many occasions the July to September 1999 peri-
od had meridional flow patterns over the study area
with low pressure patterns cutting or shearing-off as
troughs progressed through the region. These types of
situations were often associated with considerable
variations in predictions among the models and gen-
erally lower prediction skill. Such situations occurred
over the Tasman Sea as is typical but also were quite
common in Western Australian longitudes where a
series of high latitude troughs cut off as they
approached the region. Some notable examples were:
• Under-prediction by all models of a low over the

Tasman Sea on 1 July.
• A low which developed over the southwest of

Western Australia on 5 July and slowly moved
over the Bight before dissipating on 9 July. The
models either failed to capture the initial develop-
ment or, if they did, moved the system too rapidly.
ECSP developed a spurious low in the region on 4
July.

• Over-prediction of troughs approaching the south-
west on 10 and 12 July.

• Good prediction of the occurrence of a cut-off low
over southwest Western Australia on 13 July
although there was general underestimation of its
intensity. 

• A collective failure to predict the development of a
strong trough in the easterlies on the west coast on
20 July.

• Reasonably good indications (apart from GASP in
the initial stage) of the cutting-off of a low over the
Bight and its eastward movement during 6-8
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Fig. 3(g) Monthly S1 skill-scores of MSLP for
GASP/EC/UK/US from January 1997 to
September 1999 for base-time 1200 UTC and
interval +72 h over the irregular Australian
verification grid.

Fig. 3(h) Monthly S1 skill-scores of 500 hPa geopoten-
tial height  for GASP/EC/UK/US from
January 1997 to September 1999 for base-time
1200 UTC and interval +72 h over the irregu-
lar Australian verification grid.

Fig. 3(i) Monthly S1 skill-scores of 500 hPa geopoten-
tial height for GASP/EC/UK/JMA from
January 1997 to September 1999 for base-time
1200 UTC and interval +120 h over the irreg-
ular Australian verification grid.
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