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ABSTRACT

Surface pressure observations from the First GARP Global Experiment
(FGGE) drifting buoys, transmitted over the Global Telecommunic-
ation System, have been used in the Melbourne National Meteoro—
logical Analysis Centre (NMAC) operational analysis program since
December 1978. From the beginning of the first Special Observing
Period the network of buoys was sufficient to provide a data base
over many areas from which routine surface observations have never
previously been available.

The great value of the new data in the specification of criti-
cal high latitude ridge axes, the true intensity of the Southern
Ocean depressions and the westerly flow south of the Australian
land mass is illustrated. It is shown that the 1979 analyses dif-
fer significantly from those of previous years, with regard to such
features as the circumpolar trough, the middle latitude cyclonic
systems and the sub-tropical highs. An appraisal of the differ-
ences indicates they are not only due to the characteristics of the
1979 circulation but also to a first delineation of the hemispheric
circulation features by use of the FGGE data base.

INTRODUCTION

Early planning for the First GARP Global Experiment (FGGE) recognised that
special efforts would be needed in the southern hemisphere, in addition to
the expansion of the surface-based network and a greater density of satel-
lite temperature profiles. It was concluded that constant-level balloons
and a buoy system were needed for accurate atmospheric state determination
(GARP Joint Organizing Committee 1973). With the subsequent cancellation of
the proposed southern hemisphere constant-level ballcon system, the special
effort was concentrated on establishing the network of drifting buoys; and a
major international program resulted in the eventual deployment of 301 buoys
over the hemisphere south of 20°S.

The full extent of the contribution of the buoy system to the major
scientific objectives of FGGE must await longer term research; but the in-
flux of surface pressure observations over previously data-void areas was
also of immediate importance to operational meteorology. The purpose of
this paper is to present evidence that the data available for real-time use
had a significant impact on the operational analyses produced at the
National Meteorological Rnalysis Centre (NMAC) Melbourne.
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The NMAC analyses rely on the specification of the MSL pressure pattern
by manual analysis methods to set the reference level for the whole atmo-
sphere in the numerical differential analysis scheme; and accurate surface
analyses on a hemispheric scale are of course essential in understanding the
current state of the atmosphere and its evolution over the following few
days. Surface pressure data from the FGGE Drifting Buoy System were there-
fore ideally suited to operational requirements and were routinely incor-
porated in NMAC hemispheric and regional analyses from December 1978 on-
wards. As the buoy network built up during the ensuing months, it soon
became evident that the data were of great value; and enabled the positions
and intensities of systems (and their associated flow patterns) over the
southern oceans to be specified with a degree of precision and confidence
that was impossible in pre-FGGE analyses.

The analyses used buoy data received in real-time over the Global
Telecommunication System (GTS). The report of the FGGE Buoy Control Centre
(World Meteorological Organization 1979) gives details of the data proces-
sing at the Toulouse centre, and the method of selection of reports for
transmission in bulletins in a special (DRIBU) code. In accordance with the
Implementation Operations Plan (World Meteorological Organization 1978),
bulletins containing the latest available data from each buoy were trans-
mitted over the GTS from the meteorological telecommunication centre in
Paris at four selected times each day - namely, 0340, 0940, 1540, and 2140
GMT. In general, the bulletins arrived in Melbourne about two hours after
the above times and typically each bulletin contained data between 12 hours
and 5 hours old at the time of receipt in NMAC.

At the beginning of the first Special Observing Period (SOP-I), namely
5 January 1979, reports from 100 buoys were being transmitted over the GTS,
and a good coverage had been achieved over most oceans between 20°S and
60°S, although there were some significant gaps in the network over the
South Atlantic and western parts of the Indian Ocean. By the end of SOP-I
(5 March 1979) reports from 156 buoys were being transmitted over the GTS,
and of these 135 were considered by analysts in Melbourne to be giving
reliable pressure data. The location of these buoys is shown in Fig. 1,
and allowing for some minor changes due to drift this represents the network
on which analyses during the early part of the year were based.

During the course of the following months the network was built up by
further deployments. By May, after buoys air-dropped by a United States
aircraft had filled gaps in the network to the south of Australia and else-
where, about 180 satisfactory pressure observation points were available
from the 216 buoy reports being received on the GTS. By the end of SOP-II
(30 June 1979) the number of useful pressure reports was put at 170, as
about thirty of the original 135 satisfactory buoys had either failed or
become unreliable and an additional 65 satisfactory buoys had been added to
the network. The location of buoys providing acceptable data and used in
the Melbourne analyses at the time is shown in Fig. 2. The data coverage
was clearly comprehensive and ensured an increase in objectivity in surface
analyses over the oceans. The network remained effective throughout the
entire FGGE operational year and 120 buoys were still providing satisfactory
data in February 1980.

The impact of the data will be demonstrated in terms of analysis
changes. It is shown that the hemispheric surface analyses produced during
1979 differ significantly from those of previous years - with greatly in-
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creased intensities of the higher latitude depressions being a particularly
noteworthy feature. The differences are found to be of such magnitude as to
indicate that the changes in the analyses must be partially attributable to
the incorporation of the buoy pressure observations. It is suggested that
operational use of the buoy data leads to a marked improvement in analysis
accuracy over southern hemisphere oceans and this claim is. supported by
improvement in skill scores of prognoses run from the analyses.

ANALYSIS PROCEDURE AND DATA QUALITY

The NMAC hemispheric analyses were produced twice daily, based on data
nominally applicable to the standard observation times of 0000 and 1200 GMT.
Buoy observations within three hours (H-3) to (H+3) of these times were
treated as 'on~time' data for the analyses. Observations for times outside
this range were considered 'off-time', but the influence of the asynoptic
data was taken into account by manual analysis methods that make use of
earlier data in constructing the surface pressure field at 0000 or 1200 GMT.
Because of the satellite orbit times, the analyses were continually subject
to off-time buoy observations in certain geographical areas.

A typical example of the spread of observation times relative to 0000
GMT that prevailed during the first half of the year, when only one satel-
lite (TIROS-N) was collecting the data, is shown in the areas delineated
over the buoy positions in Fig. 1. This diagram shows that observations in
the Pacific Ocean and the western Indian -~ eastern Atlantic sector are with-
in a 3-hour time interval for the 0000 GMT analysis. Data near Australia
and South America vary from 6 to 3 hours off-time, the situation being most
severe in the Tasman Sea, south of the Great Australian Bight and the
central South Atlantic Ocean. For the 1200 GMT analysis a similar asynoptic
configuration occurred, although the area of on-time coverage was displaced
a little further towards the Australian sector, allowing some of the south-
ernmost buoys there to be seen near 1200 GMT.

The difficulties presented by asynoptic data were largely overcome in
July by the second satellite (NOAA-6). The lines on Fig. 2 show a typical
coverage for the 0000 GMT analysis obtained through the operation of the two
satellites. Practically the whole hemisphere is covered by observations
that can be considered to be on-time, with the occasional exception of small
wedges near New Zealand and in the Atlantic that were subject to day-to~day
variations in the satellite orbit time.

The buoy data, along with other available surface data, were routinely
subjected to careful manual analysis following the established operational
procedures of NMAC. (Manual surface analyses are used to modify or replace
the numerical analysis 'first-quess' fields. Sufficient numbers of 'bogus
observations' are inserted to ensure that the features of the manual analy-
sis are reproduced, thus any data rejected by the analyst should alsoc be
rejected by the automatic analysis procedure.) Hand drawn analyses provided
the facility of constantly monitoring the quality of the buoy data, smooth-
ing out very small-scale presure fluctuations and making adjustments for the
information contained in the earlier off-time data. As pressure changes of
6 mb or more over a 6-hour period occurred fairly frequently at buoys in the
higher latitudes, considerable analyst judgment was necessary to make best
use of the 1800/0600 GMT data, particularly in the one-satellite mode during
the first half of the year.
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As an aid to ongoing quality control, a summary of buoys either
accepted or rejected by the analysis procedure was maintained by
automatically listing each day the differences between the pressure readings
from each buoy and the manually-controlled numerical analysis. Allowing for
the above-mentioned spread of observation times and pressure tendencies, it
was considered that a difference of 4 mb or less in three out of five
observations over a 5-day period could be taken to indicate reliability of a
buoy. This procedure enabled analysts to become familiar with systematic
faults, as almost every buoy either passed this test regularly or else show-
ed continuing large errors. The cases of marginal performance were very few
and there were no detectable biases.

The conclusion from the analysis and quality monitoring procedures was
that the network of satisfactory buoys provided data that were internally
self-consistent; the observations were compatible with island stations and
ship data; and the spurious readings from faulty buoys were in general read-
ily detected.

EFFECTS OF BUOY DATA ON ANALYSIS

Impact on particular analyses

A good example of the impact of buoy pressure data on a particular analysis
is shown in Fig. 3(a) (MSL analysis for 0000 GMT 11 July 1979). Five major
lows are shown around the higher latitudes, of a size and intensity

rarely appearing on previous analyses. At the same time highs (of what
would have been considered unusual strength in pre-buoy analyses) are seen
off South America and South Africa; further, the intensity of the westerly
flow in the southern hemisphere is well shown.

The significance of the intensities of systems in this particular
analysis can be indicated in a qguantitative way by considering their
pressure ‘anomalies' from the long-term monthly climatology (Taljaard et al.
1969), as shown in Table 1. The standard deviations have been calculated
from the NMAC archived daily analyses for July for the period 1973-1977 (Le
Marshall and Xelly).

Table 1 List of pressure anomalies for 11 July 1979

Departure Approximate

Central from number of
pressure climatology standard
System (mb) (mb) deviations
Low 69°Ss 10°W < 932 -54 5
Low 61°S 70°E 948 ~37 3
Low 61°S 132°E 947 -41 4
Low 60°S 120°W 943 -47 5
High 38°S 38°E ~1040 +20 2.5

The depression at 69°S 10°W was verified as an extremely vigorous
disturbance, both on satellite imagery and in the violent weather events at
flanking stations (at Corbeta, Uruguay, 59°S 27°W, for example, the temper-
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ature fell from —4°C at 1200 GMT on 10 July to -21°C at 0000 GMT 11 July and
the pressure rose by over 12 mb in the same period). One procedure used at
NMAC in determining the intensity of depressions in these areas devoid of
conventional data, is to use cloud imagery to indicate the deviation from
the long-term monthly mean (Troup and Streten 1972). However, even making
use of extremal values from this technique (Guymer 1978), a departure from
climatology of -54 mb would not be estimated. The other systems did not
appear to be exceptional on the basis of satellite imagery, yet their devi-
ations from climatology still fall outside the range reserved for even
‘extremely strong' systems by the technique of Troup and Streten (Guymer
1978). As this analysis was not atypical of what was encountered during
1979, it appears that the buoy data have introduced analysis changes that
point to a need for the reappraisal of the pre-FGGE surface pressure clima-
tology.

As an example of the data on which the intensities of such systems were
analysed, a list of the pressure observations from key buoys near the
centres of two of the major lows in the above situation is given in
Table 2. The central value of the South Atlantic low was specified
principally from a Norwegian buoy (B543) near the centre, at 71°5 12°W, and
a French buoy (B080) at 69°S 28°W, just to the west of the centre. For the
low to the south of Australia the intensity was specified by an
Australian buoy (B149) near the centre, at 62°S 131°E, and an American buoy
(B665) at 59°S 128°E just northwest of the centre.

Table 2 Sequence of pressures (mb) at buoys near low centres
Atlantic low (mb) Australian low (mb)
Day/time 0 m=mm--————-—e—eoe—mme | sese—mee—eoo—o—ooeooe
(GMT) B0O8O B543 B665 B149
10 July 0000 951.3 959.7 952.8 954.1
0600 948.5 956.2 951.2 958. 1
1200 952.5 942.0 947.0 949.8
1800 954.0 928.8 949.7 945.7

11 July 0000 959.3 929.4 957.5

0600 960.8 934.4 958.0 950.7

The readings show that internally self-consistent pressure patterns
were obtained from the buoys (even of different types) and demonstrate the
magnitude of pressure gradients and pressure tendencies prevailing in the
southern hemisphere depressions. The pressure minimum experienced at buoy
B543 was certainly an extreme case, but the pressures observed at the other
buoys quoted in this example are typical of those regularly recorded in the
vicinity of 60°S.

Figure 3(b) shows in more detail the manual analysis near Australia and
the buoy data on which it was based, illustrating how the buoy observations
(ignoring three obviously erroneous readings) comprehensively supplement the
analysis of fronts, troughs, and ridges deduced from satellite imagery.



26 AUSTRALIAN METEOROLOGICAL MAGAZINE 28:1 MARCH 1980

Fig. 3(a) MSL (numerical) hemispheric analysis: 0
been assessed principally from buoy reports.

000 GMT 11 July 1979. The intensity of the pressure systems has
its
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Fig. 3(b) MSL (manual) analysis for the area south of Australia: 0000 GMT 11 July 1979. The drifti;lg buoy reports
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Comparison with pre-FGGE analyses

That buoy data have led to analysis changes is suggested from a comparison
of the intensity and position of centres of major lows and highs for

June 1979 when confident specification was possible, with those obtained
from the typical pre-FGGE analyses of June 1978. Of the number and posi-
tions of intense lows appearing on the manual analyses for June 1978

(Fig. 4) only twenty-five were estimated to be below 960 mb, and these
tended to cluster in the southern Indian Ocean and near the Antarctic
Peninsula, where data were generally more prevalent. Only very occasionally
were deep lows in the southern Pacific analysed as below 970 mb; and

very few depressions in the southern Atlantic were estimated to be even as
deep as 970 mb.

By contrast Fig. 5 shows the number and positions of intense lows
analysed in June 1979 when the buoy network was fully established. BAbout
118 lows are shown as being below 960 mb, with more than thirty occur-
ring at or north of 60°S, compared with six estimated in June 1978.

Figures 4 and 5 also show similar comparisons for the high centres.
The increased intensity of transitory southern ridges shown to the south of
Australia (Fig. 5) could be significant. Even though the circulation of
June 1978 was characterised by cut-off lows over eastern Australia and
mobile highs at southern latitudes, while June 1979 was dominated by a
distinctly westerly regime south of Australia, it is noteworthy that ten
cases of transitory highs of more than 1020 mb were analysed south of
50°S in June 1979, compared with six estimated to be of similar strength in
the more favourable regime south of Australia in June 1978.

An examination of charts for previous years indicates that the increa-
sed number of very intense systems appearing on the 1979 analyses
exceeds any effect that could be ascribed to normal year to year variation.
Similarly, there are certain aspects of the different geographical distrib-
ution of preferred areas for centres shown in Figs 4 and 5 that the practis-
ing southern hemisphere analyst would recognise as illustrative of analysis
changes. The main features are the lows in the southern Pacific, which
are at their deepest well to the west of the Antarctic Peninsula (contrary
to the indications from pre-buoy analyses), and the increase in intensity of
highs between 30°S and 40°S to the west of South America (where formerly
it was rare to estimate centres of 1030 mb).

Other features that could be interpreted, less conclusively, as anal-
ysis changes are: the absence of the deepest lows from the Antarctic
coast in 1979, indicating perhaps that the Antarctic trough tends to reach
maximum intensity further from the coast than formerly analysed; the rela-
tive absence of highs in the Atlantic south of 30°S compared with their
frequency in June 1978; and the fact that the strength of the sub-tropical
highs near Africa tended in 1979 to be greatest east of that continent.

Summary of analysis changes

To provide a basis for assessing the differences of the 1979 analyses from
those of previous years, means of MSL pressure for each month from the
period 1973-1977 and for 1979 were prepared from the archived numerical
analyses. Month-by-month comparison of these charts indicates that there






