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Four methods for reduction of pressure from station level to sea
level were quantitatively compared against the current
Australian method, using the criteria of (a) minimising fictitious
horizontal gradients of sea-level pressure arising as an artifact of
the reduction method and, (b) maintaining the spatial continuity
of the sea-level pressure analysis. The comparisons were made
over four periods of about 15 days in different months, at four
synoptic times per day. The two methods that performed best,
relative to the current method, shared the characteristic of using
the temperature at a standard level above the earth's surface,
rather than a surface (screen) temperature, to estimate the mean
virtual temperature necessary for reduction to sea level. None of
the methods studied was clearly superior in all circumstances.
The methods that used a temperature at or close to the time of
observation for pressure reduction tended to perform relatively
better in the more mountainous areas in the vicinity of the Great
Dividing Range, while the methods that used a monthly mean
.temperature tended to perform relatively better in the more
plateau-like areas of inland Western Australia and the Northern
Territory. The two best-performed methods were slightly modi-
fied versions of methods suggested by Gibbs in 1952, and by
Benjamin and Miller in 1990. Both deserve consideration as
replacements for the current Australian method.

Introduction

The analysis of sea-level pressure is one of the oldest
types of meteorological analysis, and its use in weather
forecasting shows little sign of diminishing. Over land
areas, the sea-level pressure is defined as the pressure
that would exist at sea level in the absence of topogra-
phy. A consequence of the preceding definition in terms
of a hypothetical quantity is that no ground truth exists
to compare alternative methods of reduction from sta-
tion level to sea level. In the author's experience, there
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is no unanimous agreement among users about what
they want in a sea-level pressure analysis. However,
there are at least two frequently stated requirements.
One is that the gradients in the sea-level pressure analy-
sis should be well related to horizontal pressure gradi-
ents in the real atmosphere at the level of the topogra-
phy. A second requirement is that small-scale noise
introduced by the reduction procedure should be min-
imised. Here, ‘small scale’ denotes scales on the order
of station separation. The first of these requirements
implies that the reduction procedure itself should not
introduce fictitious pressure gradients. The second can
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be paraphrased as a requirement for spatial continuity,
with the proviso that discontinuities reflecting counter-
parts in the real atmosphere (for example between
opposite sides of a mountain range) should be pre-
served. Other reasonable requirements perhaps related
to consistency with representative wind observations, to
total column air mass characteristics or to higher deriv-
atives of pressure could well be considered too.
However, the purpose of this paper is to quantitatively
assess some alternative pressure reduction methods,
against the two commonly stated criteria outlined
above, over Australia.

The main motivation for this study arose from the
monitoring of sea-level pressures over Australia, for the
purpose of detecting systematic biases. This monitoring
is currently performed routinely for Australian stations
as part of the Bureau of Meteorology's global data
assimilation and prediction cycle (GASP; Seaman et al.
1995; Bourke et al. 1995). It consists of the calculation,
at each analysis time, of an observed minus cross-vali-
dation pressure at every station. The cross-validation
pressure is the objectively analysed pressure at the loca-
tion of a station without the use of the observed pressure
at that station, and the observed minus cross-validation
pressure is a measure of the spatial consistency between
a station and its neighbours. For details, see Seaman
(1995). The statistics of observed minus cross-valida-
tion pressure clearly showed that stations above 500 m
tended to agree less well with their neighbours than did
stations at lower elevations. Figure 1 illustrates this
point. In each of the several months shown in Fig. 1,
more than 20 of the 24 stations above 500 m were
ranked in the top half of all Australian stations, in terms
of disagreement with their neighbours.

A second consideration was that the choice of the
present Australian method for pressure reduction was
based largely upon the results of a study conducted more
than 30 years ago (Colquhoun 1965), using an observa-
tional network that was much less extensive than the
mid-1990s network, particularly with respect to stations
above 500 m. A reappraisal using the current network
therefore appeared desirable. Thirdly, the current
Australian reduction method has known shortcomings
for analysis of mesoscale pressure gradients, particular-
ly in frontal situations (Garratt 1984). Finally, a new
reduction method proposed by Benjamin and Miller
(1990), that showed promising results over the United
States, appeared worthy of consideration for Australia.

In following sections, earlier relevant work on the
pressure reduction problem is summarised, the reduc-
tion methods to be assessed are described, the assess-
ment criteria and methodology, and data sources are
detailed, and the resultant comparative performances of
the different methods are discussed. Finally, conclu-
sions are drawn.

Fig. 1 Illustrating the greater variability (worse agree-
ment with neighbours) of the 24 Australian sta-
tions above 500 m, compared with lower-level
stations. The variances of observed minus cross-
validated pressures at all 387 Australian stations
have been ranked 1 (largest variability) to 387
(smallest variability) in each of the months May
to September 1995. The ranks of the 24 stations
above 500 m are denoted by dots. The vast
majority of the stations above 500 m are ranked
in the top half.
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Previous work

The first documented discussion of the pressure reduc-
tion problem for Australia appears to be by Gibbs
(1952). That discussion is particularly relevant to this
paper, as it identifies two artifacts of any pressure reduc-
tion method that may potentially introduce fictitious
horizontal pressure gradients into a resultant sea-level
pressure analysis. The calculation of these two ‘error’
terms, identified by Gibbs, forms the basis of one of the
quantitative assessment criteria used in later sections.
Gibbs also proposed a pressure reduction method for
use over Australia that was not subsequently adopted,
although as discussed later, it perhaps could have been
used with benefit.

Colquhoun (1965) performed a comparative study of
five reduction methods available at that time. The
methods were evaluated by comparing the reduced pres-
sures at nine stations (heights between 241 and 577 m),
with values interpolated from manual analyses using
sea-level pressures (reduced by the then operational
method) from only those low-level stations below 150
m, together with geostrophic estimates of pressure gra-
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dients from 1000 m winds. The nine stations at which
evaluations were made were all in eastern Australia, and
the study was confined to twice-daily analyses for two
weeks in January 1962. A synoptic evaluation was also
performed on four cases. The limited scope of the study,
conducted before the availability of high-speed comput-
ers, was recognised and explicitly acknowledged. The
overall conclusion was that the method subsequently
adopted for use in Australia and still used in 1996, pro-
duced the best result. However, there was not much to
choose between that method and the method suggested
by Gibbs (1952).

Garratt (1984) focussed attention on pre-frontal and
frontal situations during summer in eastern Australia,
and demonstrated that large distortions in the sea-level
pressure gradients were attributable to the pressure
reduction method used both then and now. He also sug-
gested an alternative to that method.

Outside Australia, a good overview of, and refer-
ences to the pressure reduction problem over the United
States are provided in the Introduction to Benjamin and
Miller (1990). Of particular note are areal methods of
obtaining horizontal pressure gradients, rather than sin-
gle-station vertical column approaches, the former being
advocated in different forms by Sangster (1960), and
recently by Mesinger and Treadon (1995). However,
this paper will restrict its attention to reduction methods
at single stations. Benjamin and Miller's own proposal
for pressure reduction will be discussed in a later sec-
tion.

Methods assessed

Five methods were assessed; the current Australian
method (henceforth designated as the ‘control’), and four
alternative methods described below. As with all single-
station methods, the methods differ only in the way that
they calculate the mean virtual temperature (7,,,) of the
fictitious air column between station (barometer) level
and sea level. When 7, is used in the hypsometric
equation, sea-level pressure p,, is given as a function of
station pressure p; by:

Po = Ps exp(KH,, IT,,.) !

where H), is the barometer height above sea level, and K
is the hypsometric constant for this form of the hypso-
metric equation (0.034141 K/m).

Control

The current Australian method is the same as
Colquhoun's (1965) method (v). The mean virtual tem-
perature is defined by:

T,

my

=T, +05aH, + ey, .2

m

where T, is the monthly mean surface (screen) temper-
ature (K) at the station, a is an assumed lapse rate
(0.0065 K/m), Hp, is the height of the barometer above
sea level (m), e,, is the monthly mean vapour pressure
(hPa) and ¢, is a humidity correction factor (K/hPa).

An important point to note is that the reduction is
based upon a monthly mean temperature, not a tempera-
ture at or close to the time of observation. Therefore,
from Eqn 1, the sea-level pressure is simply the station
pressure multiplied by a factor that is constant through-
out a particular month. In practice, the ratio of the
reported sea-level pressure to the reported station pres-
sure is not exactly constant, due to rounding of reported
pressures, and to the use of lookup tables at some sta-
tions.

Laplace

This method, based upon the so-called Laplace formula
(World Meteorological Organization (WMO) 1968, Ch.
1), was the one used by Australia prior to 1968, and is
the same as Colquhoun's (1965) method (i). The mean
virtual temperature T,,, is assumed to be identical to the
station temperature at the time of observation, i.e the fic-
titious air column below the station is assumed to be
isothermal, and humidity effects are neglected. The
ratio p,/p, therefore varies according to the temperature
at the time. This method was used by many countries up
to the 1960s but is now less common.

WMO

This is the method recommended by the WMO (1968,
Ch. 2), versions of which are now used by many coun-
tries (WMO 1984). It is the same as Colquhoun's (1965)
method (iii). The formula for T,,, takes the same form
as Eqn 2, but utilises temperatures and humidities at or
close to the time of observation, rather than monthly
means. Specifically,

Ty =T+ 0.5aH, + € ¢y .3

where T is the average of the station temperature at the
time and 12 hours earlier (K), e is the vapour pressure at
the time (hPa), and a, H,, cj, are as previously defined.
The WMO recommendation in its most general form
also specifies a correction term to be applied to T to
account for local conditions, but it appears (WMO
1984) that such a correction is neglected in many coun-
tries, and no such correction was applied in this study.

Gibbs

Like the control, the method proposed by Gibbs (1952)
uses a monthly mean temperature together with an
assumed lapse rate to define a mean virtual temperature
for pressure reduction. However, Gibbs proposed the use
of a monthly mean upper-level temperature (900 hPa)
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rather than a monthly mean surface temperature. For this
study, the 850 hPa monthly mean temperature was used
instead of 900 hPa, as the latter pressure surface occa-
sionally intersects the topography at the locations of a
few stations in the present network. Also, a virtual tem-
perature correction factor (Haltiner and Martin 1957, p.
24) was applied using the monthly mean mixing ratio
between 850 hPa and the surface. The mean virtual tem-
perature for pressure reduction is therefore defined by:

Ty = (Tgso + akgsp — 0.5aH,)(1 + 0.61g) 4

where Tgsq , Hgsg are respectively the monthly mean
temperature (K) and height (m) of the 850 hPa surface,
q is the monthly mean mixing ratio (g/g) between 850
hPa and the surface, and other symbols are as previous-
ly defined. As with the control, the sea-level pressure
using the Gibbs method is related to the station pressure
by a factor that is constant throughout a month. The
monthly mean temperatures, geopotentials and mixing
ratios were obtained by interpolation from the
European Centre for Medium Range Weather Forecasts
1200 UTC climatological grid-point fields (Trenberth
and Olson 1988).

Benjamin-Miller

The method suggested by Benjamin and Miller (1990),
as slightly modified for this study, is similar to the Gibbs
method, but Tgsg, Hgsg and ¢ in Eqn 4 are short-range
precictions rather than monthly means. In fact,
Benjamin and Miller used the 700 hPa level rather than
850 hPa. They attribute the idea of using an upper-level
temperature to Saucier (1955). In view of the differ-
ences in topography between Australia and the United
States, the 850 hPa level appeared more appropriate for
this study, and such a choice also placed the Benjamin-
Miller method and the Gibbs method on a more equal
footing. A more general approach, suggested both by
Benjamin and Miller and by an anonymous reviewer,
would be to use a temperature at some predetermined
height above the earth's surface.

It is of interest that the idea of using an upper-level
temperature rather than a surface temperature for pres-
sure reduction was put forward independently by Gibbs
for Australia and Saucier for the United States more than
40 years ago, but the idea failed to find favour in either
country, probably because of the unreliability of upper-
air temperature analyses at that time. An innovative fea-
ture of the Benjamin-Miller method, in the spirit of
modern-day data assimilation, is the use of a numerical
model prediction in the reduction procedure. In this
study, six-hour predictions from the Bureau of
Meteorology's global assimilation and prediction system
(GASP) were used.

Assessment criteria

Fictitious pressure gradients introduced by the
reduction method

Two sources of fictitious horizontal pressure gradient,
discussed in Gibbs (1952) and elsewhere, are illustrated
in Figs 2(a) and 2(b). The first source arises from the
difference between the assumed mean virtual tempera-
ture below an elevated station (A in Fig. 2(a)), and the
mean virtual temperature of the corresponding depth of
the real atmosphere above a neighbouring station B at
sea level. Otherwise expressed, even if no horizontal
pressure gradient exists between A and B at the height of
A, some pressure gradient will be introduced at sea level
due to the differences in mean virtual temperature below
the height of A. This source of fictitious pressure gradi-
ent will be termed an ‘upper reduction error’. In the
context of fictitious pressure gradients, the usually pejo-
rative term ‘error’ is used, here and subsequently, sim-
ply as shorthand for ‘artifact of the pressure reduction
method’; it is acknowledged that there is no observable
ground truth. Mesinger and Treadon (1995) sought to
overcome the problem described above by horizontal
interpolation of temperature from the real atmosphere
through the topography.

The second source of fictitious pressure gradient is
illustrated in Fig. 2(b), and arises from the differences in
mean virtual temperature between the two fictitious air
columns below stations at similar elevations. This
source will be termed a ‘lower reduction error’. In the
general case (Fig. 2(c)), the total fictitious pressure gra-
dient (or total ‘error’) is simply a superposition of the
upper and lower reduction errors.

The situations in Figs 2(a) and 2(b) impose different
requirements upon a pressure reduction method. To
minimise the upper reduction error, the mean virtual
temperature used for reduction should be close to the
mean virtual temperature of a corresponding depth of
the nearby real atmosphere. The failure of the current
Australian method to fulfil this requirement was the
cause of major distortions in the sea-level pressure
analyses shown by Garratt (1984). On the other hand,
to minimise the lower reduction error, the mean virtual
temperature used for reduction should vary only slowly
in the horizontal. Therefore, a method that works well
in ‘mountainous’ areas, such as the vicinity of the Great
Dividing Range (Fig. 2(a)), may perform poorly in
‘plateau-like’ areas, such as the interiors of Western
Australia and the Northern Territory (Fig. 2(b)). Figure
3 shows those areas of Australia above 500 m and above
300 m.

The preceding discussion also indicates that the task
of eliminating the introduction of fictitious pressure gra-
dients is an overspecified problem, as an elevated sta-
tion in general has many neighbours in different direc-
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Fig. 2 Schematic representation of (a) the upper reduc-
: tion error, and (b) the lower reduction error con-
tributions to fictitious gradients of sea-level pres-
sure. The general case (c) is a superposition of (a)
and (b). Symbols T41 etc. denote mean virtual
temperatures of layers indicated by arrows. See

text for further explanation.
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tions and at different altitudes. The areal methods of
Sangster (1960) and Mesinger and Treadon (1995),
mentioned earlier, simultaneously consider all data in a
domain of interest, and minimise an integral quantity.
By analogy, it 'seems reasonable to compare single-sta-
tion methods on the basis of which method introduces
the least fictitious horizontal pressure gradient over a
representative sample of station pairs and analysis
times.

Using the ‘fictitious pressure gradient’ criterion, one
reduction method is considered superior to another if it
introduces a lesser fictitious gradient. To compare two
alternative reduction methods according to the above
criterion, the fictitious gradients corresponding to each

method are therefore compared over a large number of .

station pairs at many times. For a specific pair of sta-
tions at a specific time (Fig. 2(c)), it is necessary to cal-
culate the below-ground mean virtual temperatures Ty,
T4, and Tpy corresponding to each reduction method.
These calculations are straightforward from the defini-
tions of the reduction algorithms. It is also necessary to
calculate T, in the real atmosphere above station B in
Fig. 2(c), and this calculation must rely upon an analy-
sis. The use of an analysis (from GASP) introduces
some additional uncertainty into the comparative assess-
ments, and a possible consequence of this uncertainty is
discussed in the Results section. Further details of how
the results were analysed appear in a later section on the
paired comparison methodology.

Spatial continuity

Assessment of alternative reduction methods by means
of the pressure gradient criterion, discussed in the pre-
ceding subsection, might be termed a fundamental
approach, as it seeks to quantify errors in the reduction
methods that are derived from basic principles.
Assessment by the second criterion, discussed below,
could rather be described as pragmatic, as it addresses
symptoms rather than basic causes. Nevertheless, it is
probably closer to the way that a meteorologist user
would assess analyses resulting from different reduction
methods. Its basic idea is similar but not identical to that
used by Colquhoun (1965).

The assessment of spatial continuity is based upon the
so-called cross-validation approach. Conceptually,
many sea-level pressure analyses of a single synoptic sit-
uation are performed, leaving out the observations one at
a time. The analysis at the location of an observation,
without the use of that observation, is called a cross-val-
idation pressure. The observed minus cross-validation
pressure is a measure of spatial consistency between an
observation and its neighbours. The comparison of alter-
native reduction methods by the spatial consistency cri-
terion therefore consists of calculating observed minus
cross-validation pressures at elevated stations, corre-
sponding to analyses (at many times) of sets of sea-level
pressures corresponding to each reduction method. The
analyses of sea-level pressure for the many past situa-
tions were performed by univariate statistical interpola-
tion (Gandin 1963), using archived six-hour forecast first
guesses from GASP. As explained by Lorenc (1981),
cross-validation calculations are only a minor overhead
to a single analysis using all observations.

Data and quality control

Sources and scope of data

The basic data were obtained from the SYNOP mes-
sages collected by the Bureau's National Meteorological
Centre and accumulated on'its general access database.
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The particular items used from the SYNOP message
were the reported sea-level pressure (reduced by the cur-
rent Australian method), the reported station pressure
and, where necessary for pressure reduction by alterna-
tive methods, the reported temperature and dew-point.
Station barometer heights were obtained from the
Bureau's National Climate Centre database. Four peri-
ods, each of about 15 consecutive days in different
months (July, October and December 1995, and
February 1996) were studied, and the relevant computa-
tions were made at the four major synoptic times each
day throughout those periods. A typical observational
network for pressure at 0000 UTC is shown in Fig. 3.

Quality control

As almost inevitably occurs with real-time observations,
some quality-control decisions were needed. An
exploratory analysis of the data indicated the most com-
mon problem in the SYNOP reports on the Bureau data-
base were probable transmission and/or computation
errors in the reported sea-level pressures (reduced by the
current Australian method). There were also some
apparent observation errors or transmission errors in sta-
tion pressures, and in temperatures and dew-points (the
latter two elements, needed for the Laplace and WMO
reduction methods, were also sometimes absent).
Rather than resort to sophisticated and/or manually
time-consuming quality-control methods, it was decided
to arbitrarily exclude from comparisons those reports in
which the sea-level pressure (reduced by the current
Australian method) differed by more than 3 hPa from
the reduced pressure using any of the alternative reduc-
tion methods. Undoubtedly this procedure led to the use

Fig. 3 A topographic map of Australia showing the
300 m and 500 m contours, and a typical net-
work of pressure observations at 0000 UTC.
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of a few incorrect reports and to the discarding of a few
good ones. However, the subsequent analysis of the
results was performed using methods that were resistant
to the influence of outliers.

Paired comparison methodology

The analysis of results was based primarily upon cate-
gorical (better/equal/worse) paired comparisons, in
which a measure of error using the control reduction
method was compared with a corresponding measure of
error using an alternative reduction method. The four
alternative methods were therefore each compared with
the control, but were not directly compared with each
other.

Paired comparisons of fictitious pressure gradients
At a particular synoptic time, when using the fictitious
pressure gradient criterion, ‘error’ terms (see earlier def-
inition of ‘error’) were calculated for pairings between a
central elevated station (A) and up to 20 of its neigh-
bours in the separation range 100-400 km, using pres-
sures reduced by the control method. Similar ‘error’
terms for the same pairs were then calculated using pres-
sures reduced by an alternative method. The corre-
sponding ‘errors’ were then compared, and a count
made of how many were smaller (i.e. better) using the
alternative method, and how many were larger (i.e.
worse). If the ‘better’ count exceeded the ‘worse’ count,
a ‘win’ was recorded for the alternative method at sta-
tion A at that synoptic time. The ‘final’ win/loss/draw
result, for station A over all times, was based upon the
total of the win/loss/draw counts at the individual times.
Tables and summaries of these ‘final’ results will be dis-
cussed in a following section.

The reasons for using categorical counts for the pri-
mary assessment, rather than a continuous aggregate
measure such as root mean square (rms) error, were: (a)
resistance to outliers (a few large errors, possibly due to
quality-control problems, can grossly distort an rms
result); (b) avoidance of a disproportionate influence
from frequently reporting neighbours (some reported
four times a day, others twice or once); and (c¢) the diffi-
culty of interpreting an aggregate quantitative measure
like rms error, given the range of station separations.
Nevertheless, rms errors were also computed, and a lim-
ited selection will be shown later.

Paired comparisons using spatial consistency

Using the spatial consistency criterion for assessment, at
a specific time the observed minus cross-validation pres-
sure was calculated at an elevated station A using pres-
sures reduced by the control method. The process was
then repeated using pressures reduced by an alternative
method, and a win or loss for the alternative method was
recorded accordingly. The ‘final’ win/loss/draw result
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for station A over all times was based upon the totalled
win/loss counts at the individual times.

The paired comparisons of each alternative reduction
method versus the control were stratified in three ways,
(a) by area (west or east of longitude 135), (b) by station
height (above 500 m and above 300 m), and (c) by
month,

Results and discussion

A summary of paired comparisons using the pressure gra-
dient criterion appears in Table 1, and the corresponding
comparisons using the spatial consistency criterion is
shown in Table 2. A detailed explanation of a particular
set of table entries may help interpretation. Consider the
set of entries ‘2 2 7’ at the top left of Table 1. These three
entries correspond to paired comparisons of the Laplace
method and the control, for stations above 500 m and
west of longitude 135 during July. There were 2+2+7=11
such stations. At two of these eleven stations, paired
comparisons of fictitious pressure gradients resulting
from the two reduction methods, summed over all neigh-
bours and all analysis times in the way described earlier,
indicated a win for the Laplace method. At another two
of the eleven stations, a draw was the result (the control
and Laplace methods recorded wins at an equal number
of analysis times). At seven of the eleven stations, the
control method proved superior.

When assessing Tables 1 and 2, the reliability of a
conclusion will be reinforced by consistency across the
four different months, by consistency across the two
assessment criteria (i.e. across corresponding items in
both tables), and perhaps more arguably by consistency
across the two height stratifications. However, there
are good prior reasons (see earlier discussion) to expect
different responses from alternative reduction methods
relative to the control in the western and eastern
domains, due to the characteristically different topogra-
phies, and consistency across regions should not there-
fore be anticipated.

There is considerable but by no means complete con-
sistency in many features of Tables 1 and 2. Addressing
first the main purposes of the study and comparing each
reduction method in turn with the control:

- the Laplace method is clearly worse than the control;
- the WMO method is usually worse than the control in
the west, and better in the east;

- the Gibbs method is usually better than the control, but
not by a wide margin; and

- the Benjamin-Miller method is usually better than the
control, particularly so in the east.

An obvious question is whether the preceding con-
clusions can be substantiated as statistically significant.
Unfortunately, this question is difficult to answer rigor-

ously, because effective sample sizes are very hard to
estimate. For example, using the pressure gradient cri-
terion, a ‘win’ at the location of one elevated station is
itself based on a large number of paired comparisons of
gradients for many neighbours at many times, but these
comparisons are far from independent. Nevertheless,
the win-loss proportions implied by Tables 1 and 2 are
probably based on effective sample sizes at least as large
as indicated by the tabulated ‘final’ win/loss counts. On
that assumption, 95 per cent confidence intervals for
binomial proportions substantiate the preceding conclu-
sions. In any case, sufficient details are provided for
readers to make their own interpretations.

There are several points arising from Tables 1 and 2
that warrant more detailed discussion. The clear differ-
ence, between the western and eastern regions, of the
performance of the WMO method relative to the control,
seems entirely consistent with the use of a station tem-
perature close to the time of observation by the WMO
method, and the use of a monthly mean station tempera-
ture by the control. A practical point, however, is that
the WMO method could not be used at those stations
(some 15 per cent of the total) where a 12-hour-old sta-
tion temperature is not available due to the observing
schedule. The results in Tables 1 and 2 do not therefore
strictly reflect the performance of the WMO method, rel-
ative to the control, that would be achievable in practice.

The two best-performing methods, namely the Gibbs
method and the Benjamin-Miller method, share the
common characteristic of using a temperature at 850
hPa rather than a surface temperature. It seems reason-
able that, either in a climatological field or in an instan-
taneous field, the temperature at 850 hPa may be more
spatially representative than its counterpart at the sur-
face, the latter being more prone to the effects of very
shallow inversions and other topographically forced
anomalies. It is hoped that the consistency between the
present study, and that of Benjamin and Miller, in lend-
ing support to the use of an upper-level temperature for
pressure reduction, may encourage similar studies in
other parts of the world.

The results of Tables 1 and 2 underline the conclu-
sion that no single reduction method performs best all of
the time. Even the worst-performing method (Laplace)
recorded wins over the control at several stations in par-
ticular periods. The theoretical grounds for expecting
systematic variations in performance according to the
character of the topography have already been discussed
and such variations are reflected in the east-west con-
trasts. There is no scientific reason why different reduc-
tion methods should not be applied in different areas and
under different circumstances, provided that such cir-
cumstances are identifiable in advance. This is not to
deny the practical problems in implementing an adap-
tive approach.






