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- The Antarctic Meteorological Centre (AMC) at Casey Station,
Antarctica (66.28°S 110.52°E), provides an analysis and prog-
nostic service, over the summer months, to the Australian
National Antarctic Research Expeditions (ANARE) and other
organisations traversing the Southern Ocean around East
Antarctica. Included in the service is a daily mean sea-level pres-
sure (MSLP) prognosis, valid for 1200 UTC on the same day. The
two numerical models available to the AMC, upon which the
manual products are based, include the Australian Global
Assimilation and Prediction system (GASP) (Seaman et al. 1995
and Bourke et al. 1995) and output from the European Centre for
Medium-range Weather Forecasts (ECMWF). A comparison of
skill scores for the ECMWF MSLP prognosis and the AMC man-
ual prognosis over the summers of 1993/94 and 1994/95 showed
that the forecasters were able to produce minor improvements in
forecast skill over the numerical guidance. However, a prelimi-
inary study of numerical model skill for the period June 1994 to
early January 1996, although highlighting a steady improvement
in model performance, found there to be relatively poor model
skill in the East Antarctic region, with a major source of error

appearing to stem from the base analyses used by the models.

Introduction

The AMC at Casey has been in operation since the
1991/92 summer season, with an analysis and prognosis
service designed to meet the needs of ANARE shipping
and flight schedules and field parties involved in
research at and around the three continental Antarctic
stations of Casey, Davis and Mawson. The service has
evolved and expanded over the last five years, but one of
the principal products has been a 1200 UTC surface
prognostic chart (Fig. 1) issued at around 0400 UTC
daily and broadcast via a high frequency (HF) Metfax
system and the World Wide Web (WWW). The product
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is issued as a +12-hour prognosis but relies heavily on
the +24-hour ECMWF MSLP prognosis received in 5
degree gridded form from the previous 1200 UTC
ECMWEF model run. Manual modification of the prod-
uct is performed to add frontal systems, mark central
pressures of systems and make any changes the duty
meteorologist feels are warranted. With the introduction,
during the 1994/95 season, of intra-continental flying
between the three Australian stations the need for longer
term outlooks has resulted in the inclusion of a +36 hour
MSLP prognosis in the AMC schedule. As with the +12-
hour product the +36-hour chart is hand drawn with the
ECMWF +48-hour product used as guidance. This study
concentrates on the +12-hour manual product and the
+24-hour numerical guidance, and arose out of the need
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Fig. 1 Example of a +12-hour manual prognosis issued via HF Metfax from the Antarctic Meteorological Centre, Casey.
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to verify the products being produced by the AMC and
assess the quality of numerical guidance available to the
- AMC forecasters. ’

The area over which the verification analysis has
been performed was chosen to coincide with the high-
seas forecast area of responsibility. The routine high-
seas textual product was prepared over the summer
months between 1992 and 1995 and issued twice daily,
providing a 24-hour forecast covering the area from
80°E to 160°E between 50°S and 70°S. The construc-
tion of the high-seas forecast was based largely on
numerical model guidance, particularly for the provision
of surface wind data.

The AMC 1200 UTC surface (MSLP) analyses and
prognoses were digitised on to a 2.5°x5.0° latitude/lon-
gitude grid covering the above area (Fig. 2), giving a
9x17 array of 153 points over which to perform the ver-
ification statistics. The ECMWF 5.0°x5.0° gridded data-
sets were interpolated to the 2.5°x5.0° grid and the
GASP gridded data extracted from the real-time data-
sets to the grid. It is worth noting that the southern
boundary of the verification area, at 70°S, extends over
the high interior of Antarctica, rising from 300 m in the
east-to as much as 2700 m in western areas. The reduc-

tion methods used by the GASP and ECMWF systems
to produce mean sea-level pressure become highly sus-
pect in these regions, and indeed differ between the two
models. Discrepancies in the reduction method may be
responsible for some of the differences observed in
model skill when using the manual analyses in the veri-
fication, although the number of grid-points affected by
altitude is quite small with only 29 out of the 153 being

Fig. 2

Grid-points used for the verification of AMC
prognostic charts and global products in the East
Antarctic region.
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above 300 m. The reduction method imposes no prob-
lems when the models are verified against their own
analyses as the analyses and prognoses are internally
consistent in their treatment of mean sea-level pressure.

Data analysis techniques

The primary method of verifying the prognostic data has
been the use of the S1 skill score (Eqn 1) as defined and
described by Teweles and Wobus (1954). The S1 skill
score takes points from the MSLP charts and uses a gra-
dient of the difference field (e,) corrected by dividing by
the difficulty parameter G;. G in this case is defined to
be the maximum of either the observed or forecast gradi-
ent. The scheme was designed for use in the Weather
Bureau ~ Air Force — Navy Analysis Centre (WBANAC),

e
S1=100* —& .1
G,
where
. - ‘kA(Xf-Xo) +| A(Xf-Xo)
& Ax Ay
and
AX 1 AX AX AX
G, = max(‘—ﬁ‘,' "l) +max( —iH 4 )
Ax 'TAx Ay Ay

USA, to objectively verify the forecast MSLP charts
being prepared by the centre and grade the meteorolo-
gists producing the charts (Teweles and Wobus 1954).
Several verification schemes were tested by WBANAC,
including average absolute errors in forecast pressure,
although this method was discounted as not providing a
good measure of the error in the weather suggested by
the chart (Teweles and Wobus 1954). As the S1 skill
score was designed and chosen to be optimal for use by
the analysis centre and subsequently used by the
National Meteorological Centre (NMC) in Melbourne
for routine assessment of both manual and numerical
predictions of MSLP and 500 hPa and 250 hPa height
fields, it was adopted as the main method of assessing
forecast skill in this study.

One of the primary users of the AMC analysis and
prognostic services is shipping in the Southern Ocean
and around Antarctica. With ships’ crews using the
MSLP products to infer surface wind speed and direc-
tion it was considered worthwhile using a secondary
verification method based on analysed and prognostic
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geostrophic wind (Eqn 2) calculated on a staggered grid
over the area of interest. The verification scheme uses a
standard vector deviation (SVD) calculated from the
derived geostrophic wind vectors over the area (Eqn 3(a)).

SVD=_| RMS’+ Bias’ ~3()

RMS, =\/17 i}i:,l { (1,7 4,2+ (v, - vai)z} ...3(b)

Bias = [ Biasu2+ Biasv2 ..3(¢)

where RMS,, is the vector root mean square error (Eqn
3(b)) and Bias the vector bias (Eqn 3(c)). Up and u, are
the zonal components of the geostrophic wind in the
prognosis and analysis fields, respectively, and v,, and v,
the meridional components of the geostrophic wind.

Values are calculated at all N points in the area of interest.

AMC performance during the 1993/94
summer period.

The first period of interest was from late November
1993 until early February 1994. The skill of the manual
prognoses prepared by the AMC was compared with
that of the ECMWF prognoses used in preparing the
AMC products (Fig. 3). A persistence forecast, calculat-
ed using the previous day's 1200 UTC analysis as a
prognosis, is also displayed for comparison purposes.
Persistence was considered a useful guide in assessing
the model performance as little verification of numerical
output has been carried out in the region of interest and
it is also worth noting that on several occasions persis-
tence out-performed both the numerical and manual
guidance. It is evident from Fig. 3 that there is a minor
improvement in skill of the AMC prognosis over the
ECMWF base product, and a high level of skill when
compared to persistence. When using SVD to assess
skill (Fig. 4) the AMC product provided no improve-
ment to the ECMWF product, and in fact slightly
degraded the numerical model forecast, with an average
SVD for the ECMWF product of 9.1 ms™! as compared
t0 9.3 m s°! for the AMC.

The AMC St skill scores appeared to be quite poor,
especially when.compared.to the skill of the NMC
MSLP prognoses for the same period. NMC skill aver-
aged 37.6 compared with 56.6 for the AMC. Comparing
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Fig. 3

to 9 February 1994, verified using manual analyses.

S1 skill scores for the AMC and ECMWF prognoses in the East Antarctic region, for the period 26 November 1993
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disparate areas is not entirely rigorous with substantially
different weather patterns dominating each region.
However, it is interesting to note that persistence fore-
casts in the two areas also differed quite considerably
with persistence in the Australian region performing bet-
ter than in the Antarctic. If, on this basis, Antarctic
weather were to be considered inherently more difficult
to forecast, then persistence may be taken as a useful ref-
erence level by which to compare disparate areas through
use of a persistence normalised skill score of the form
S1N=(Slp - Slf)/Slp where Slf is the forecast skill and
S1_ the persistence skill. A normalised score of zero or
less would indicate a forecast as bad, or worse, than per-
sistence; and a positive score would indicate a forecast
better than persistence. A score of one would indicate
perfect skill. With skill scores normalised in this manner
the NMC forecasts still out-performed the AMC fore-
casts, with an average normalised skill of 0.33 as
opposed to 0.25 for the AMC, but only by a factor of
eight per cent over the entire forecast period, as com-
pared to 33.6 per cent for the non-normalised score.*
However, despite the better performance of the AMC
products when comparing normalised skill scores, the

ECMWF 57.3
- ECMWF

05/01/94 13/01/84 210194 2001/94 06/02/94

Persistence 75.8

- - - PERSISTENCE

forecast skill still cannot be considered good when the
standard vector deviations averaged 9.3 m s (17.2
knots) over the entire summer and subsequently compro-
mised the ability to forecast gales (18 - 25 m s™!) or storm
force (26 - 34 m s'!) wind events. An analysis of the wind
speed errors in isolation still showed significant errors,
with an average root mean square (rms) error in wind
speed for the AMC products of 6.0 m s™! (11.1 knots) and
for the ECMWE of 6.1 m s! (11.3 knots).

Major forecast errors contributed to the overall poor
performance of the AMC prognostic charts during the
summer and of interest in Figs 3 and 4 is the gross fore-
cast error during one event that occurred on 7 December

1993, On this date persistence significantly out-per-

formed both the AMC and ECMWEF products. In Fig 5,
panel (a) shows the digitised AMC analysis for 1200
UTC on 6 December 1993, panel (b) the analysis for
1200 UTC on 7 December 1993 and panel (c) the AMC
prognosis for 1200 UTC on 7 December 1993. The
AMC prognosis had the low pressure system, originally
on the eastern boundary, moving steadily southeastward
with the low pressure system on the northern boundary
weakening in situ, leaving only a weak trough of low
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Fig.4  Standard vector deviations for the AMC and ECMWF prognoses in the East Antarctic region, for the period 26
November 1993 to 9 February 1994, verified using manual analyses.
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pressure lying along the Antarctic coast. However, what
in fact occurred was that the eastern low weakened in
situ and the northern low complex deepened slightly and
moved only slowly southward. Quite clearly there was a
major forecast error in the AMC prognosis, and the 1200
UTC analysis on 6 December more closely matched the
synoptic pattern for the following day, making persis-
tence the better forecast. Figure 5(d) shows the
ECMWEF prognosis for 7 December from which the
AMC product was derived. The ECMWEF forecast skill
was worse than the AMC, with a skill score of 77.3 as
compared to 76.3 for the manual product and 59.7 for
persistence. This was a good example of how numerical
guidance may prove quite misleading in the forecast
process. As the AMC forecasts rely heavily on numeri-
cal guidance such results prompted a study of model
output performance.

GASP and ECMWF performance

The following analysis of global numerical products
spans the period from June 1994 until early January

28/12/83 05/01/94 1301/84 2101194 20/01/94 068/02/94
ECMWF 9.1m/s ~ Persistence 13.2m/s

-- - PERSISTENCE

1996. Throughout most of the period there were no man-
ual analyses upon which to base the verification so each
model was verified against its own analysis. Figure 6
shows the verification statistics for the GASP and
ECMWF models for the above period with an 11-day
running mean applied to allow easier viewing of the
trends. Several interesting aspects arose from the verifi-
cation; firstly the ECMWF output consistently out-per-
formed the GASP, with an average S1 skill over the peri-
od of 28.6 as compared to 37.3 for the GASP. Similarly
when comparing SVD statistics the ECMWF out-per-
formed GASP by around 19 per cent, with an SVD for
the GASP of 5.8 m s*! and for the ECMWF of 4.7 m s°l.
(The average rms error in wind speed for GASP was 4.8
m s! and for the ECMWF was 3.3 m 5! ). Secondly, the
S1 skill scores and SVDs were much better when a
model was verified against its own analysis rather than
the manual product. Over the 1993/94 summer where the
ECMWF model was verified against the AMC manual
analyses the skill averaged 57.3 and the SVD 9.1 m 57!,
yet over the subsequent period when verified against the
ECMWEF analyses the S1 skill score improved to average
28.6 and the SVD dropped to average only 4.7 m s’}
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Fig. 5

(a) Digitised AMC analysis valid 1200 UTC on 6 December 1993, (b) digitised AMC analysis valid 1200 UTC on 7

December 1993, (c) digitised AMC prognosis valid 1200 UTC on 7 December 1993, (d) digitised ECMWF prognosis

valid 1200 UTC on 7 December 1993.
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Also of interest was the quite considerable difference
apparent in the model analyses. Table 1 summarises
average model skill values for the period where each
model analysis has been used in turn to verify the GASP
and ECMWF prognoses. When the GASP prognoses
were verified using the ECMWF analyses, and vice
versa, quite appreciable degradation in model perfor-
mance was observed. In fact the ECMWF performance,
when verified using the GASP analyses, was consider-
ably degraded with a rise in average S1 skill score from
28.6 to 46.0. Included in Table 1 is a comparison of the
ECMWEF and GASP analyses using the S1 score as a
comparison method. If the analyses from the two mod-
els were similar then small S1 skill scores would be
expected. However, this is not the case, and the average
S1 score for the period was 40.3, with an average SVD
of 7.0 m 57}, indicating quite appreciable differences in
the analyses used by each model.

Another point of interest from Fig. 6 was the trend in
the S! skill scores over the period, with a steady
improvement in both the GASP and ECMWF models.
The improvement with GASP was more notable, with
S1 skill scores beginning to converge with those of the
ECMWF model (Table 2).

1200UTC 7 December 1993 (d)

Table 1. Summary of S1 skill scores and standard vector
deviations for the GASP and ECMWF models for
the period June 1994 through January 1996.

Prognosis Analysis

GASP ECMWF
GASP 373 (5.8 ms ) 452 (79 msh
ECMWEF 46.0 82 msh) 28.6 @7 msh
GASP (analysis) 403 (7.0 m s'l)

Table 2. Trends in S1 skill scores for GASP and ECMWF
from June 1994 to January 1996, including the

(GASP-ECMWEF) differences.

Period GASP  ECMWF  Diff.
01/06/94-21/09/94 413 303 11.0
04/03/95-22/04/95 382 27.8 10.4
02/11/95-17/01/96 30.4 237 6.7
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The only changes made to the GASP model occurred
on 11 December 1995, when the model moved from a
19-level rhomboidal 53 representation (R53L19) to a
19-level triangular truncation 79 implementation
(T79L19), with the moist convection scheme changed to
a mass flux scheme, with new moisture analysis, and
improvements to the radiative transfer calculations (Hart
1995). These changes occurred very late in the period
under investigation, and trial runs by NMC prior to the
changes becoming operational highlighted significant
improvements in tropical regions but with only small or
neutral impact in high latitudes. This would suggest that
the improvements seen in the GASP forecast skill were
either a result of a change in synoptic situation to one in
which the numerical model inherently performed better,
or more data became available to the numerical model
later in the time period, giving a significantly better
starting analysis. Interestingly, both the ECMWF and
the GASP models performed significantly better from
November 1995 through to January 1996. The GASP
model was not the only one upgraded during the period:
the ECMWF model underwent substantial changes dur-
ing April 1995, with the introduction of a new prognos-

tic cloud scheme, smoothed mean orography and new
sub-grid orography parametrisation and refinements to
the semi-Lagrangian model (T213L31) (ECMWF
Newsletter number 69). Details of the model changes
may be found in the ECMWF Newsletter number 70. It
is apparent that some problems were encountered with
the ECMWF model runs during late August 1995 where
an appreciable degradation in skill was observed (Fig. 6)
in the East Antarctic region. The reason for this is
unknown.

<

AMC performance during the 1994/95
summer period

To further investigate the model analyses and observed
improvements in the numerical forecasts a second
series of AMC products, prepared over the three weeks
between 4 March 1995 and 24 March 1995, were digi-
tised for verification and comparison with numerical
products. During this period the AMC prognoses per-
formed only slightly better than the ECMWF product
upon which they were based (Fig. 7), with an average

Fig. 6 S1 skill scores for the GASP and ECMWF prognoses for the period June 1994 to January 1996 verified using model

analyses and with an 11-day running mean applied.
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S1 score of 48.1 as compared to 48.5 for the ECMWF
product. However, this period showed generally better
forecasting skill than the previous summer, where the
average skill score was only 56.6. Even when nor-
malised against persistence the March 1995 period per-
formed better, with an average persistence normalised
skill score of 0.28 as opposed to 0.25 for the previous
summer. From Fig. 7 it is also apparent that the GASP
model out-performed the ECMWF model with an aver-
age S1 skill score of 47.9 and SVD of 8.1 m 5!, as
opposed to 48.5 and 8.9 m s™! for the ECMWF.

Of most interest is the relative performance of each
model when verified using the different analysis
schemes. Figure 8 shows the S1 skill for the GASP and
ECMWF prognoses when verified against their own
analyses. In this case the ECMWF model out-performed
the GASP model with an average skill score of 27.1 as
opposéd to 38.2 for GASP, reversing the result when
verification was performed using the manual products. It
is also obvious that when model analyses are used
instead of the manual products the apparent forecast

skill improves dramatically, as demonstrated by the
ECMWEF 851 skill score improving from 48.5 to 27.1 and
the GASP score from 47.9 to 38.2.

The variability in analysis schemes became quite
obvious when a comparison of model and manual analy-
ses was performed using the S1 skill score as a measure
of similarity (Fig. 9). There was quite poor agreement in
both model analyses when verified against the manual
products, with an average S1 skill of 47.5 for the
ECMWF analyses and 45.9 for the GASP. The better
agreement between the GASP and manual analyses over
this period may well be responsible for the relatively
better performance seen in the GASP prognoses com-
pared to the ECMWE, as evident from Fig. 7. There was
also relatively poor skill when comparing the GASP and
ECMWEF analyses with an average S1 skill score of only
38.1 (Fig. 9). The significant differences between the
two model analyses, coupled with the deviations from
the manual products, suggest that the analyses used by
the models are very likely a significant source of error in
the numerical model output. .

Fig. 7 S1 skill scores for the AMC, ECMWF and GASP prognoses for the period 4 March 1995 to 24 March 1995 verified

using manual analyses.
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Fig. 8 $1 skill scores for the GASP and ECMWF prognoses for the period 4 March 1995 through until 24 March 1995 ver-
ified using model analyses.
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Fig. 9 A comparison of AMC, ECMWF and GASP analyses for the period 4 March 1995 through until 24 March 1995,
using the S1 skill score as a comparison method.
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