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A method is presented for the verification of numerical forecasts of the position
and intensity of high and low pressure systems and the identification of
systematic biases which may occur in the output from a numerical analysis-
assimilation-prediction scheme (hereafter referred to as output). The method
is applied primarily to the output from the five-layer primitive equations
Spectral Model which was first used operationally by the National Meteorologi-
cal Analysis Centre, Melbourne, Australia in 1976, but a comparison between
the Spectral Model and the Sub-synoptic Advection Model (SAM) output is
also given.

The analysis of the spectral model output is made in the region 10°E to 179°E
for low pressure systems and between 20°W and 179°E for high pressure
systems; the base data set covers the period July 1978 to February 1979. The
analysis confirms and quantifies systematic biases that have become apparent
to forecasters through routine operational use.

The systematic biases include the tendency displayed in the model output to
under-forecast the intensity of high and low pressure systems, to underesti-
mate the eastward movement of high and low pressure systems, and to move
highs too far equatorward. It is found that the biases could be adjusted for by
simple regression equations that correlated changes predicted in the model out-
put to those that are actually observed. Using these equations a significant
reduction can be achieved in the root mean square error of forecasts of both
central pressure and movement of the systems.

For the Sub-synoptic Advection Model output (based in part on the Spectral
Model) the results indicate that for the limited number of cases studied within
the Australian region the magnitude of both the overall and systematic biases
is reduced and that regression equations can be derived that will further reduce
the biases.

Introduction

Most schemes that have been developed for the
verification of numerical meteorological prog-
noses are based on forecast and observed pressure
changes or gradients at the various grid points
that cover the area of assessment. Such schemes
can be readily incorporated into the routine com-
putations involved in the operational application
of a model, but are not particularly amenable to
the diagnosis of specific deficiencies that may be
present in the output.

It should be mentioned, at this point, that there
is often a difference in understanding between
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operational forecasters and numerical modellers
concerning the use of the terms ‘model’ and
‘model output’. The modellers may equate model
or model output with the prognostic procedures
alone, whereas the operational forecaster is con-
cerned with the real-time use of the output from
the combined analysis, assimilation and prog-
nostic procedures. The verification procedure pre-
sented in this study is concerned with the evalua-
tion of model output in the sense that it is an
evaluation of the product which the operational
forecaster utilises in making a weather forecast. If
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the analysis and assimilation procedures were
ideal it could be assumed that any systematic
biases detected were inherent within the prog-
nostic procedures. There is, however, very little
doubt that the currently employed analysis and
assimilation procedures account for some part of
the systematic biases identified later in this paper.
For this reason it is emphasised that references
within this paper to the terms model or model
output refer, where appropriate, to the output of
the combined analysis, assimilation and prog-
nostic procedures relevant to the particular
model.

A qualitative way that certain deficiences may
be assessed is to carry out model integrations over
an extended period and compare the model
climatology to the actual climatological charac-
teristics of the atmosphere. Another approach is
by the use of empirical orthogonal functions
(Bennett and Leslie 1979; Rinne 1971, 1972).
Bennett and Leslie discovered that for the 500 mb
Australian Region Barotropic Model the first
eight empirical orthogonal functions (EOF) of the
prognoses were very similar to those of the
analyses, except for a lag of the prognosis func-
tions about five degrees westward of the analysis
functions.

The approach that is utilised in this paper
involves tracking the centres of individual high
and low pressure systems. The predicted and
actual pressure changes and movements are com-
pared in an attempt to identify and to evaluate any
systematic biases that appear for individual
categories of systems. It is considered that such
means of evaluation may be of direct utility to
those who use the prognoses operationally. In this
context the suggestion of Maine (1979) may be
considered. This would require an operational
quality specification of broadscale error fields to
provide automatic correction to the output of
operational broadscale numerical models. It
would also require further research to determine
whether such fields (for each grid point) can be
determined which are consistent with the type of
corrections suggested manually.

In assessing the results presented in this paper
it should be appreciated that important resolution
limitations exist due to inadequate computer
power available for operations. The hemispheric
analysis has a coarse resolution, approximately
500 km, and there is a clear limitation of synoptic
scales that may be represented. The operational
Spectral Model operates at a resolution of wave
number 15 and this is barely sufficient to capture
the detail in the initial analysis. A model with ver-
tical resolution increased from five to nine levels,
horizontal resolution increased from wave num-
ber 15 to 21, and incorporating an improved
analysis-assimilation scheme, has been tested in a
non-operational environment and yielded
encouraging results.

Data

The positions (latitude and longitude) and central
pressure (mb) of individual high and low pressure
systems were extracted from analyses and prog-
noses available through facsimile at the Tas-
manian Regional Office of the Bureau of
Meteorology during the period July 1978 to
February 1979. The charts examined were the
hemispheric mean sea-level analyses and Spectral
Model prognoses, the Australian Region analyses
and the Sub-synoptic Advection Model (SAM)
prognoses. Further data were extracted for the
period March 1979 to May 1979 for use as inde-
pendent data to test the conclusions based on the
base data set. The number of systems that could
be considered was limited by exclusion of cases
where particular systems could not be clearly
identified throughout the prognosis period; for
example, systems that completely decayed or first
developed (either on the verifying analysis or
prognosis) during the 36-hour period were not
considered in the 'study. This phase of the
investigation confirmed the relative failure of the
Spectral Model output to predict new develop-
ments and its readiness to forecast the decay of, in
particular, low pressure systems.

The sequences of charts 12Z MSL ANAL
DAY 1, 00Z MSL PROG DAY 3, 00Z MSL
ANAL DAY 3 were examined and where con-
tinuity was established the central pressure and
location of systems displayed on each chart were
recorded. The areas examined for the respective
models were bounded by the following
longitudes:

(a) Spectral Model: (i) low pressure systems

10°E to 179°E;
(ii) high pressure systems
20°W to 179°E;

(b) SAM: 110°E to 169°E.

The hemispheric products were thus surveyed
only in the area of main operational interest.
Systems were grouped according to the geographi-
cal zone in which they appeared in the verifying
analysis.

Certain differences in techniques of assimilat-
ing data should be borne in mind when assessing
the relative performance of the two models at the
prognosis stage. Firstly, the gridpoint spacing for
the hemispheric analysis (500 km) is about dou-
ble that for the Australian Region (AR) analysis
and secondly, the hemispheric analysis incor-
portes a Cressman correction technique while the
AR analysis utilises variational blending.

Performance of prediction
models on the base data set

Systematic biases

Spectral Model output — the results for the
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Table 1. Geographical analysis of bias in forecast pressure of highs — Spectral Model output (July

1978-February 1979 incl.)

20°W-9°F 10-34°E 33-59°E 60-109°E 110-149°E 150-179°F

Mean error (mb) —-34 —0.1 -3.1 —54 =36 —-4.5
r.m.s. error (mb) 5.2 4.8 5.7 6.4 4.6 57
Number in sample 51 15 25 80 . 61 57
Error type — 76 40 72 94 85 95
(%) + 18 53 24 0 7 3

0 6 7 4 0 8 2
Errors within range
+3t0 —3mb 53% 53% 32% 24% 49% 49%

Table 2. Geographical analysis of bias in forecast pressure of lows — Spectral Model output (July

1978-February 1979 incl.)

Maritime lows

10-59°E 60-109°E 110-149°E 150-179°E at and north Australian
All latitudes All latitudes All latitudes All latitudes of 50°S continental
45-179°E lows
Mean error (mb) 443 +6.4 +35.5 +6.7 +5.3 +3.2
r.m.s. error (mb) 10.3 10.9 9.9 8.8 7.3 49
Number in sample 37 61 53 37 21 12
Error type — 35 16 23 14 14 25
(%) + 59 77 73 86 76 67
0 6 7 4 0 10 8
Errors within range
—5t0+5mb 35% 39% 48% 47% 59% 67%

Table 3. Geographical analysis of biases in system movement — Spectral Model output (July 1978 —

February 1979 incl.)

Svstems
(distances are in degrees latinude)
Longitude band 10-39°E  60-109°E

Highs

110-149°E 150-179°E 10-59°E  60-109°E  110-149°E 150-179°L

Depressions south of 50°S Other lows

Maritime Continenal

Average s =07 -14 1.1 —0.1
movement E 11.8 83 9.7 8.5
Meun error S —15 ~0.7 —-29 -2.6
(systematic) E =22 —-0.8 —1.1 -2.6
Number in sample 40 80 61 57

0.2 1.5 0 3.0 0.5 -0.8
10.1 12.6 11.2 11.7 8.1 2.8

1.6 1.0 —-0.3 —3.6 0.5 1.3
=37 -39 —2.6 —24 1.2 1.3
32 54 38 27 26 12

Spectral Model output are given in Tables 1, 2 and
3. Table | provides an analysis of highs and Table
2 of lows. Except foi highs in the region 10°E to
34°E, a strong tendency to under-forecast the
intensity of systems is evident. In the eastern
Indian Ocean, generally a preferred long wave
trough area, the systematic bias for highs appears
to be greatest (averaging 5.4 mb), with the error
being within the range —3 to +3 mb on only 24
per cent of occasions.

There is less geographical variation in
behaviour for lows, but latitudinal subdivision
indicates that the peformance for maritime lows at
and north of 50°S in the zone 45°E to 179°E,
shows a considerable improvement in the root
mean square (r.m.s.) error over the correspond-

ing error derived by consideration of all latitudes.

Over the Australian continent a further reduc-
tion in r.m.s. error is achieved but this is
attributed more to the fact that actual pressure
changes are likely to be smaller in this region than
further south. Poor resolution and the absence of
a radiation scheme in the Spectral Model prog-
nostic procedure removes most heat lows from
consideration and this deficiency can be seen
more clearly when consideration is given to the
filling and deepening rates of the systems later in
the paper.

For system movements predicted by the
Spectral Model output (Table 3), the most
noticeable feature is the difference in treatment of
low latitude and high latitude depressions. High
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latitude depressions have an average eastward
movement of ten to twelve degrees of latitude
while the corresponding figure for low latitude
depressions is about eight degrees. The model
output is not able to correctly simulate these
latitudinal variations. High latitude depressions
are placed three or four degrees of latitude too far
west, while low latitude depressions tend to be
moved slightly too far east. Another feature is
that, in the Tasman Sea region, the high latitude
depressions tend to move about three degrees of
latitude south, a tendency which is not predicted
in the model output. For high pressure systems
there is a tendency, particularly in the Australian
region, for the model output to place the systems
two or three degrees too far north.

Comparison between the Spectral Model and
SAM output — the results of the comparison are
displayed in Table 4. Output from SAM appears to
be more accurate than that of the Spectral Model
for high pressure systems and continental lows,
for both predicted central pressure and position.

The improvement is most noticeable in the pre-
dicted central pressure of high pressure systems
where the SAM output shows no significant bias
and the r.m.s. error is 3.81 mb compared to
6.07 mb for the Spectral Model. It can also be seen
that the SAM output has a lesser tendency to
move the systems to a position too far equator-
wards.

A surprising feature is evident for maritime low
pressure systems. The results suggest that for
such systems the Spectral Model output is
superior to that of SAM, both for estimating the
central pressure and position of the systems.
Whereas SAM tends to almost eliminate the bias
of predicted central pressure for continental lows,
the positive pressure bias appears to be increased
further for maritime lows. For position errors, the
difference between the two models’ outputs does
not seem quite as marked; however, it is more
evident when comparing the results using com-
mon data, but because of the small sample size (9
cases) it would be unwise to draw any definite
conclusions.

Table 4. Verification statistics on Spectral Model and SAM output in the Autralian region.

Highs Maritime lows Continental lows
Systems
Conumon data All data Common data All data Common data
Model SP SAM SP SAM SP SAM SP SAM SP SAM
435-179°€
Average movement S —1.2 —-1.2 -0.2 0.5 0.9 0.9 -0.8 -0.8 —0.8 —-0.8
E 9.9 9.9 6.6 6.3 6.8 6.8 2.8 0.7 1.8 1.8
Mean position ¢rror S —-18 —=1.1 0.1 —-1.6 -1.6 1.1 1.3 24 0.7 0.7
E —19 0.4 0.8 -0.3 1.0 -03 1.3 —~0.4 2.7 0.6
r.m.s, movement 12.0 12.0 9.2 8.3 8.6 8.6 7.3 6.1 6.7 6.7
Mean pressure error —4.2 0.1 -53 9.2 5.5 8.9 32 —0.1 2.7 —-1.5
r.N.S. Crrors:
(a) Model pressure 6.07 3.81 7.33 10.59 6.48 10.10 4.86 343 4.17 3.07
(b) Model position 6.89 6.31 4.92 5.28 3.13 5.03 7.06 6.17 6.44 5.47
Number in sample 46 46 21 12 9 9 12 25 9 9
Table 5. Regression analyses for central pressure data — Spectral Model output.
High pressure systems
Zone 60-109°F 110-149°E 150-179°E
Equation Apl =250 +0.45 Ap Apl =251 +0.70 Ap ap! =282+ 0.58 Ap
Correlation coeflicient 0.58 0.65 0.51
Number in sample 80 61 57
Low pressure systems
Zone Equation Sample size Correlation coefficient
(a) Lows south of 50°S:
60-179°E apl = —54+0.78 Ap 119 0.67
(b) Maritime lows at and
north of 50°S:
Apl = =52+1.15Ap 21 0.83
(c) Continental lows
Apl =139 —-0.14 Ap 12 —0.12 (not significant at 5%
level)

In all cases Ap is the model output forecast change in central pressure and Ap! is the modified change.
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Regression analyses

To assess the possibility of manually adjusting the
forecast values, regression analyses were carried
out on the base data set. The systematic biases in
the filling or deepening rates of systems predicted
by the Spectral Model output are analysed in
Table 5 and show that lower systematic biases in
predicted central pressure tend to occur when
systems are forecast to intensify rather than
weaken. The correlation coefficients given in
Table 5 can be used to assess the reliability of the
regression relationships between predicted and
observed central pressure, and indicate meaning-
ful relationships for all systems except continental
lows.

The relevant results for system movements
predicted by the model output are given in Table
6. The base parameter used in the table is r.m.s.
movement. This is the r.m.s. error that would
occur if the analysis were used as a prognosis;
when it is compared with the second parameter,
the r.m.s. error (model output), it can be seen
how considerable improvement is achieved when
compared with persistence. The greatest success is
for low latitude maritime depressions, while only
a marginal improvement is obtained for continen-
tal lows.

The r.m.s. error (model + mean correction) is
the r.m.s. error retained after the mean systematic
error has been subtracted from the model predic-

tion; the greatest improvement -appears for high
latitude depressions. When a correction based on
multiple regression is used a substantially greater
improvement is indicated generally, but in partic-
ular for high pressure systems. However, when
the r.m.s. error obtained using the multiple
regression is compared with that obtained by
utilising a simplified regression (where actual
southward and eastward movements are related
only to the corresponding southward and east-
ward movements in the prognoses) it is found, on
most occasions, that the latter is associated with
only a marginal increase in r.m.s. error.

The significance of the regression coefficients
may be assessed by reference to the correlation
coefficients. Only two of the 20 cross-correlation
coeflicients were significant at the 5 per cent level,
a number quite likely to occur by chance, and this
provides a rationale for using simplified equa-
tions.

The statistics for SAM (Table 7) show that
when ‘all data’ (25 cases) for continental low
pressure systems are considered there is a
significant correlation between the observed and
forecast pressure changes. Another interesting
factor for continental lows is that none of the
direct correlations between forecast and observed
meridional motion are significantly different from
zero.

Overall, the results suggest that further
improvement in the accuracy of the SAM predic-

Table 6. Regression analysis of system movement data — Spectral Model output.

Systems Highs Depressions Sﬂlllil of 30°S Other lows
(distances are in degrees
latitude) 10- 60- 110- 150- 10- 60- 110- 150-  Maritime Continenal
Longtitude band 39°F 109°E  149°E  179°E S59°E 109°E  149°E  179°E
r.nm.s. movement 14.66 11.20 13.34 11.64 12.15 14.78 14.13 14.12 11.56 7.26
r.N.S. errors:
(a) Model 7.80 8.61 7.01 9.32 9.01 7.54 7.55 7.76 5.59 7.06
(b) Model + mean correction  7.33 8.54 6.29 8.56 8.06 6.38 7.08 6.44 5.44 6.82
{c) Multiple regression 6.67 6.71 5.45 7.18 6.19 5.51 6.44 5.37 5.14 4.61
(d) Simplified regression 6.78 6.74 5.58 7.30 6.34 5.56 6.74 5.55 5.20 4.78
Number in sumpie 40 80 61 57 32 54 38 27 26 12
Use

Regression ayly 1.4 -0.5 2.3 1.5 —0.5 0 0.2 3.3 -0.5 y=1.0
coeflicicnts byly  0.83 0.47 0.65 0.54 0.41 0.60 0.68 0.53 1.00 —0.32x
for simplified axlx 5.8 57 31 6.6 8.4 72 4.8 6.3 1.3 —0.1
equations bxlx 0.63 0.35 0.79 0.32 0.26 0.62 0.73 0.64 0.73 0.71
Correlation coefficients

ryly (meridional) 0.70 0.51 0.58 0.49 0.44 0.60 0.63 0.47 0.71 0.27*
Direct

Tx1x (zonal) 0.58 0.39 0.84 0.32 0.30* 0.70 0.62 0.73 0.83 0.74

xlyx (E fromS) -0.05* —0.06* 0.15*  -0.23* 0.25* 0.14* 0.09* 0.13*  —0.18* 032
Partial

ylxy (S from E) 0.05* -0.21* 0.31 —0.05* 0.03* 0.08* 0.44 0.21* 0.31* -0.53*

Simplified equations: x! = a 1, + byl x,y! = ayly + bylyy

* Not significant at 5% level.



60

Australian Meteorological Magazine 29:2 June 1981

Table 7. Regression analyses of data comparing Spectral Model and SAM output in the Australian

region.
Highs Maritime lows Continental lows
Svstems
) Conumon data All data Common data All data Common data
Model SP SAM SP SAM sP SAM N SAM N SAM
45-179°E
(a) Model + mean correction 6.38 6.21 4.70 5.02 2.50 4.89 6.86 5.68 5.81 5.39
(b) Multiple regression 5.75 5.24 4.50 3.40 2.35 3.59 4.61 4.43 4.12 3.77
(c) Simplified regression 5.87 5.30 4.66 3.77 2.40 4.18 478 4.45 4,22 4.02
Regression between observed and forecast pressure changes:
(1) Correlation coeflicient 0.67 0.70 0.83 0.69 0.88 0.76 —0.12* 077 —0.22* -0.25*
(b) Regression slope 0.72 1.04 1.15 0.79 0.86 1.35 Not 0.44 Not Not
(¢c) Intercept (correction for bias) 3.0 —0.1 —-52 -84 -57 -9.6 signi- 1.4 signi-  signi-
ficant ficant  ficant
Simplified regression between observed and forecast movement:
(a) Meridional:

Direct correlation 0.49 0.77 0.70 0.54* 0.90 0.57* 0.28* 0.26* 0.26* 0.35*

Cross correlation (rxy) 0.03* 0.01* 0.47 0.07* 0.51* 0.20+ —0.53 =053 -0.76 -—0.74

Basis for regression: Progged meridional motion (y) Progged zonal motion (x)
Slope 0.53 0.73 1.02 0.34 0.96 044 -032 -037 -—-042 -—-042
Intercept 0.4 0.5 =01 0.9 1.5 1.0 —=0.1 —0.9 1.1 0.2

(b) Zonal movement:

Direct correlation 0.52 0.54 0.64 0.78 0.87 0.63 0.74 0.79 0.74 0.79
Slope 0.60 0.50 0.65 0.77 1.24 0.73 0.71 0.85 0.74 0.77
Intercept 5.1 4.7 0.6 1.7 —=2.7 2.1 —0.1 0.4 —-1.2 —0.1

Number in sample 46 46 21 12 9 9 12 25 9 9

* Not significant at 5% level.

tion of both central pressure and location of
systems may be obtained by use of the appropriate
regression estimates.

Analysis and selection of
suitable regression equations

Predictive equations based on the simplified
regression coefficients displayed in Tables 5 and 6
(for Spectral Mode! output) and Table 7 (for SAM
output) were applied to a test data set covering the
period March to May 1979 inclusive. The results
for the Spectral Model output are given in Table 8
and for SAM in Table 9.

Application to the Spectral Model output shows
that a good improvement is obtained in the pre-
dicted central pressure of high pressure systems,
and those low pressure systems south of 50°S,
while only a marginal improvement was obtained
for low latitude depressions. It is also possible to
discern a marked improvement in postition for
those high pressure systems west of 150°E, but
the improvement in position of depressions and
high pressure systems over the Tasman Sea is
only marginal. There is, however, a somewhat
encouraging result for low latitude maritime
depressions, with the regression estimates
improving the forecast of position in nine of the
13 cases studied.

The results for SAM output show that applica-

tion of the predictive equation led to no change in
the predicted central pressure of high pressure
systems. When applying the predictive equations
to position, an improvement is obtained on 22
occasions compared to 15 occasions when the use
of the equations increased the error — the r.m.s.
error is reduced from 7.3 to 6.6 degrees of latitude
(about 400 nautical miles). An improvement is
also obtained for continental low pressure
systems, where the central pressure prediction is
improved on ten occasions compared to four occa-
sions when there is a deterioration. A marginal
improvement is also obtained in predicted posi-
tion. For maritime lows there is further
confirmation of the results mentioned earlier,
namely the poor way in which SAM tends to han-
dle such systems and its tendency to greatly
weaken the central pressure. The mean pressure
bias of maritime lows is 11.6 mb for the test data,
which is reduced to 3.1 mb using the predictive
equation. The corresponding r.m.s. error is
reduced from 12.5 mb to 4.9 mb. It is, however,
difficult to make direct comparision with the
Spectral Model output in this respect as there
were only three occasions when a maritime low
correctly retained by the SAM was also retained
by the Spectral Model. In the remaining eight
cases the low was incorrectly removed in the
Spectral Model output.

It was decided that, for the Australian region, it
would be advantageous to include both the base
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data and the test data in deriving a final version of
the predictive equations for operational use. The
equations recommended for use are displayed
below. Both models’ outputs fail to handle low
latitude maritime depressions, however, it is sug-
gested that when such systems are resolved by the
Spectral Model that the predictive equations
appropriate to that model be utilised in preference
to the SAM equations.

Equations suggested for the Australian region

Highs: using SAM model

for pressure: Ap'=0.87 Ap+ 04

for position: y'=0.70y + 0.9
x'=0.59x + 4.7

Maritime lows: (=<50°S)
using SP model
for pressure: Ap'=1.00 Ap — 4.5
for position: y' = 1.00y — 0.8
x!'=0.88x — 0.3
using SAM model
for pressure: Ap'=0.82 Ap—9.5
for position: y!'=041ly + 1.6
x!=081x+ 1.8

Continental lows: using SAM model

for pressure: Ap!=040 Ap+ 1.2
for position: y'=0.18(y — x) — 0.5
x!'=0.88x — 0.2

Suggested for use outside the Australian region

Highs: (60°E — 109°E) using SP model
for pressure: Ap!'=045Ap+ 2.5
for position: y'=047y - 0.5
x!'=0.35x + 5.7
Maritime lows: (45°E — 109°E) (=50°S)
using SP model
for pressure: Ap'=1.00 Ap—4.5

for position: y!=1.00y — 0.8
x'=0.88x — 0.3

Lows: (60°E — 179°E) (>50°S)
using SP model

for pressure: Ap! = 0.78 Ap — 5.4 all zones

for position: y! = 0.60y ) 60°Eto
x'=0.62x + 7.2) 109°E

y'=10.68y +0.2) 110°Eto
x'=10.73x + 4.8) 149°E

'=0.53y +3.3) 150°Eto

x!'=0.64x + 6.3) 179°E

In the equations, Ap is the model forecast
change in central pressure, Ap! is the equation
predicted change in central pressure, y and x are
the model forecast southward and eastward
movements, and y! and x! are the corresponding
equation predicted movements. To illustrate how
the equations can be used in a practical manner
the situation from 19 to 21_March 1979 is
examined in detail. This situation is considered
because it is one which contains the three main
types of weather systems that can affect the
Australian region — namely high pressure
systems, low latitude maritime lows, and conti-
nental lows. The initial analysis for 1200 GMT 19

Table 8. Verification of the regression estimates for the Spectral Model output (March, April and May

1979).
Systems Highs Depressions south of 50°S Other lows
Longitude band 60-109°E  110-149°E  150-179°E  60-109°E  [10-149°E  150-179°F Low latitude
maritime
(a) Central pressure correction
Model mean error —6.3 —-5.0 —-4.5 6.9 8.2 7.0 33
Equation mean error —0.5 -1.6 —-0.3 -0.1 -1.0 0.3 =25
Model r.m.s. error 6.8 5.9 5.8 8.5 10.3 9.1 7.9
Equation r.m.s. error 2.2 3.6 3.5 4.8 6.8 84 7.8
Equation reduced error 37 23 15 17 16 6 6
Equation increased error 4 3 9 4 5 3 5
No change in error 1 4 3 i 0 0 2
(b) Correction for position
Model mean error (E) 0.3 —-1.4 —-3.3 -33 -2.6 5.5 36
Equation mean error (E) -0.7 —0.6 -0.9 1.5 -0.2 5.7 39
Model mean error (S) -0.9 —~3.7 -1.6 1.9 -0.1 -2.2 3.5
Equation mean error (S) 0.2 -0.7 0.9 0.8 0.4 0.8 3.2
Model r.m.s. error 6.9 6.7 79 6.8 7.3 7.4 5.0
Equation r.m.s. error 6.1 5.5 74 6.9 6.5 1.4 5.0
Equation reduced error 25 21 14 11 It 4 9
Equation increased error 15 7 12 10 9 4 4
No change in error | 2 1 1 1 1 0
Sample size 42 30 27 22 21 9 13
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Table 9. Verification of the regression estimates for SAM output (March, April and May 1979).

Svstems

Highs

Continental lows

Maritime lows

Number in sumpie

Equation:

38

17

(a) Predicted pressure changes

Apl =1.04 Ap—0.1
Model Regression

Apl =044 Ap+ 14

Model Regression

11

Apl=079Ap—84
Model Regression

Mean error (mb) -0.8 -0.8 1.7 1.5 11.6 3.1
r.m.s. error (mb) 3.8 38 3.1 2.6 12.5 4.9
Reduced error Nil occasions 10 occusions 11 occasions
Increased error Nil occasions 4 occasions Nil occasions
Unaltered 38 occasions 3 occusions Nil occasions
(b) Predicted movements
Equations: yl =073y +05 yl =037y — 09 vyl =0.34y + 0.9
x! =0.50x + 4.7 x! =085x + 04 X' =077x+ 1.7
Model Regression Model Regression Model Regression
Mcan crror S —-2.1 -1.0 1.6 —-1.7 —-1.3 1.4
(deg. latitude) E -2.0 -1.9 1.1 1.5 -1.5 0.6
.M., error 7.3 6.6 6.2 5.7 5.8 5.5
Reduced error 22 occasions 10 occasions 5 occasions
Increased error 15 occasions 7 occasions 4 occasions
Unaltered | occasion Nil occasions 2 occasions

March is given in Fig. 1(a) while the 36-hour
Spectral Model and SAM prognoses are given in
Figs 1(b) and 1(c). The systems for consideration
in the analysis are numbered 1 to 6, while the low
off the Queensland coast is labelled 4A as it is
forecast to disappear in_ both the SAM and
Spectral Model output. Both the Spectral Model
and SAM outputs predict a new high pressure
system, labelled 1P, to form near the southern
coast of Western Australia.

The predicted movement of the high and low
pressure systems (using SAM for systems 2 and 3
and the Spectral Model for the remainder) is
shown in Fig. 1(d); the adjusted positions are also
shown. For system 2 the method for estimating
the final position is shown in greater detail. To
obtain the corrected position, the northward dis-
placement is multiplied by a factor of 0.70 and 0.9
degrees of latitude is then subtracted from it (as y
is positive for southward movements). The pre-
dicted eastward movement is obtained by
multiplying the forecast eastward movement by a
factor of 0.59 then adding a longitudinal distance
equivalent to 4.7 degrees of latitude. Comparing
this with the verifying analysis Fig. 1(e), a
deterioration would be obtained in the forecast
position. However, the verifying analysis shows
that what in fact occurred is that the high pressure
system split in two with one centre moving north
and the other moving east (system 2A). Although
there is no indication of such a split occurring in
the Spectral Model output it is definitely predicted
by the SAM model, but the area of the chart does
not extend far enough to the southeast to deter-
mine where the predicted centre would be.

A definite improvement is achieved in system
3, the continental low. Although removed in the
Spectral Model output it is retained by SAM. The
main effect is to reduce the southward movement
and leave the low closer to the position shown on
the verifying analysis.

For system 4 (a maritime low <50°S) very little
difference is obtained in the final position (which
is close to the actual position), but the amended
central pressure is reduced from 1005 mb to
1001 mb (compared to 996 mb on the verifying
analysis).

The low pressure system 5 is also handled well
by the predictive equations. The adjusted central
pressure is reduced from 972 mb to 966 mb com-
pared to a verifying central pressure of 954 mb.
The predictive equations do not, however, suc-
cessfully handle the behaviour of system 6.
According to the Spectral Model output the
system would weaken considerably (to 981 mb),
while using the predictive equations a further
eastward and southward movement would be
expected with more modest weakening to 973 mb.
The system is no longer evident on the verifying
analysis. However, a trough line is suggested
through the equation predicted location although
the pressure in the area is considerably higher
than predicted. It is concluded that the regression
equations resulted in a deterioration in this case.

A definite improvement is given for system 1.
This illustrates the tendency in the Spectral Model
output to weaken high pressure systems. The
adjusted central pressure (1032 mb) and adjusted
longitude agree with those of the verifying
analysis.

Concluding remarks

The results in this study give a quantitative
description of the success of the models’ outputs
in terms of features most noticeable to an opera-
tional forecaster. It provides an objective method
of adjustment analogous to the type likely to be
made on the basis of qualitative judgment. The
method is sufficiently simple to be applied on a
routine real-time basis, but must be considered in
historical perspective, since different adjustments






