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ABSTRACT

Monthly indices of the southern hemisphere surface
circulation are derived from the operational analyses
of the Australian Bureau of Meteorology during FGGE,
and are compared with similarly derived data for the
period 1972-1977. The FGGE period exhibits an annual
average zonal westerly circulation between 40°S and
60°S some 18 per cent higher than that of the five-year
period. Al though this may reflect in part the greater
number of pressure observations from the buoy network,
it is also found that the winter westerly maximum
results in an anomalous annual cycle in comparison to
long-term independent station data.

The FGGE winter was marked by a substantial southward
movement of the axis of subtropical high pressure and
an expansion of the area of the subtropical highs
particularly at eastern 1longitudes. In June some
anomalies in the longitudes of high pressure centres
were evident over the Atlantic and Indian Oceans.
Longitudes of relatively high and low pressure on the
Antarctic trough also differed from the five-year
period over the southeast Pacific and Weddell Sea areas
but these differences may be related to poorer analyses
in the earlier years.

INTRODUCTION

Australian Numerical Meteorology Research Centre, Melbourne

The First GARP (Global Atmospheric Research Programme) Global Experiment

(FGGE) took place from December 1978 to November 1979.

planning of the experiment have been extensively discussed in the

literature (e.g.
Australian viewpoint).

The motivation and

Zillman 1977 for a discussion particularly from the
The most significant changes to the global network

occurred over the southern oceans where new data sources were widely
employed, and the data incorporated into the regular day to day analyses,

including those of the Australian Bureau of Meteorology.

In addition to

the normal station network, data had been gradually introduced during the

previous few years peaking during the FGGE period.

These data included:

surface pressure and sea surface temperature from drifting buoys;

temperature soundings derived from polar orbiting satellites;

imagery from geostationary satellites;
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. winds in the lower and upper troposphere derived from
geostationary satellite-derived cloud motions;

. increased aircraft observations.

Despite the hemispheric imagery from polar orbiting satellites that
has been used since late 1966 (e.g. Guymer 1978) and satellite~derived
temperature soundings, which became available experimentally in the mid
1970s, there is clearly no substitute in meteorological analysis for
accurate measurement of surface pressure in a reasonably dense network over
the analysis area. Thus, of all the new FGGE data, perhaps the most
important for southern hemisphere surface analysis were those of the buoy
network. As an example of the available data, Fig. 1 shows the buoy
observations received on one day during the second special observing period
(SOP 2) in June 1979.

The full assessment of FGGE data and the completion of a comprehensive
data set will be a time consuming task. The importance of the accuracy of
daily charts in the calculation of transports of e.g. sensible heat has
been recently pointed out by van Loon (1980). He has drawn attention to
obvious anomalies in several pre-FGGE chart series for the southern
hemisphere attributed primarily to the sparse network, and concludes that
such studies should be postponed until the definitive analysis series
containing all'available observations has been completed. Nevertheless,
preliminary assessments of the broad characteristics of the circulation
over the hemisphere during the FGGE period may be useful, and some initial
studies of particular elements and circulation features for specific months
have been reported (Tucker and Physick 1979, Nicholls 1979, Zillman 1980).

® lusman
2w TEhan

Fig. 1 Location of buoys reporting surface pressure over the southern
oceans for a typical FGGE day — 15 June 1979
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In this study it is assumed that the mean monthly charts derived from
the daily 0000 GMT surface pressure analyses of the Australian Bureau of
Meteorology are of sufficient quality and completeness to enable the
principal sequential features of the hemispheric surface pressure pattern
to be determined and to be compared with similarly derived numerical
analyses of recent years. Thus, in the present study, an attempt will be
made to outline the principal features of the mean monthly circulation for
the period December 1978 to November 1979, and to compare them with mean
and extreme data for the five-year period from June 1972 to May 1977. Such
a comparison should indicate the degree of similarity of the FGGE period to
other years, and point to any significant departures from a 'normal'
period. later, more detailed analysis of the daily charts including all
observations will refine the representation of the individual pressure
patterns, but it is believed that it will be unlikely to significantly
alter the monthly mean pressure maps derived from the operational system.

The description and comparison will utilise the series of simple
synoptic indices for 1972-1977 presented elsewhere (Streten 1980).
Briefly, these indices are defined as follows for the particular surface
pressure regimes.

(i) The subtropical highs:

. a; - the latitude of the 1015 isobar equatorward of the
subtropical high pressure belt;

. a, - the latitude of maximum pressure;

. a; - the latitude of the 1015 isobar poleward of the subtropical
high pressure cell;

. a, - longitudes of centres of high pressure in the subtropics;

. a, a, a; are determined at five-degree longitude intervals.

(ii) The westerlies:

. b, - the pressure difference between 40°S and 60°S expressed in
millibars, at ten~-degree longitude intervals.

(iii) The sub-Antarctic trough:

. ¢} ~ the latitude of the sub-Antarctic trough at ten-degree
longitude intervals;

. cy - the longitudes of, the centres of low pressure on the trough;
. c3 - the longitudes of the centres of relatively higher pressure

on the trough where it is weakened by the influence of
ridges from lower or higher latitudes.
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(iv) The Antarctic quasi-anticyclone:

-+ d; 4, - the latitude and longitude of the centre of quasi-high
pressure regularly depicted over east Antarctica by the
numerical analysis system. Because of the terrain height
the feature is, of course, unreal but is included for
completeness as indicative of higher pressure south of the
sub-Antarctic trough.

Each of these major zones will now be individually examined in terms
of the appropriate indices for the FGGE and the 1972-1977 periods. 1In the
following, 'eastern quadrant' will refer to the eastern longitudes of the
southern hemisphere (i.e. 0° - 90°E - 180°); similarly 'western quadrant'
will refer to the western longitudes (0° ~ 90°W - 180°).

THE SUBTROPICAL HIGHS

The principal features of the subtropical high pressure belt, in terms of
zonal averages (indicated by an over-bar), are shown in Fig. 2. The axis
of high pressure (a,) is located, in general, during the FGGE period
poleward of its mean 1972-1977 location particularly in winter. For much
of the year it lies on the southern fringe of the distribution for the five
year period. A measure of the latitudinal extent of the high pressure in -
the subtropics given by a; - a; (Fig. 2), shows increased width during
FGGE particularly in winter. Zonal averages for a, and a, shown in Fig. 3
indicate that this winter expansion of the high pressure belt is primarily
associated with extension of high pressure into higher latitudes, but also
with some expansion into the tropics.

In Fig. 4 the pattern of a, anomaly from the five-year mean is shown
for each month of FGGE as a function of longitude. As would be expected,
the representation is quite complex but, in general, poleward retreat of
the axis of high pressure (negative in Fig. 4) predominates at most
longitudes and in most months reaches a maximum in June in the New Zealand
sector. Further large poleward movement occurs also in June and in the
early spring over the eastern Pacific, and in Augqust over the eastern South
Atlantic. The largest equatorward advance (positive in Fig. 4) is
evidently in the spring of 1979 at Australian longitudes and is associated
with the absence of the usual heat low over the northwest of the continent
in that season.

A similar anomaly pattern for the width of the high pressure belt,
a; - a, {(not reproduced), indicates that in March and April a very
pronounced narrowing of the belt is evident over the whole eastern quadrant
and is reflected in the zonally measured data of Fig. 2; this is followed
by a rapid and quite striking increase in the width of the zone of high
pressure, which is fairly general over the eastern quadrant throughout the
winter but which contrasts with a very marked narrowing over the eastern
Pacific sector. Similar longitudinal time-space diagrams for the a, and a
indices (also not reproduced) indicate that the winter expansion of the
high pressure belt is associated with a very general poleward extension of
high pressure particularly over the eastern quadrant, and an accompanying
equatorward expansion particularly in the sector from 30°E to 180°.



STRETEN & PIKE: SOUTHERN HEMISPHERE CIRCULATION DURING FGGE 205

a, »
LAT.
‘s 32
3
34
3
38
a7
o N F ™M A ™M J Jy A s [¢) N []
29
20
27
26
25
24
1972-77
20-00
23
22
a-a
0
°LAT.

Fig. 2 Monthly latitude (°S) of the zonally—-averaged axis of high pressure (d2) and the width (° lat.)
of the high pressure belt (a3 — a1) for FGGE and the mean for 1972-77. Bracketed figures are
annual averages; the FGGE period is arrowed from December 1978 to November 1979. Stippled
area in the upper panel shows the @) extremes and range observed in the 1972-77 period.
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Fig. 3 Month!y latitudes (°S) of a) and a3 the zonally—averaged aj and a3 indices respectively
(see text) for FGGE and the mean for 1972—77. The FGGE period is arrowed.
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The longitudinal locations of centres of maximum pressure in the
subtropical belt (a,, index) are given in Table 1. The regions of highest
frequency of persistence of these pressure maxima are the South Atlantic,
Indian Ocean and southeast Pacific throughout the year, and over
continental Australia in winter (Streten 1980). The FGGE locations are
compared with the 1972-1977 data in Fig. 5. Throughout most of the
experiment these locations are within the observational range of the five-
year period. Some notable exceptions are the movement of the South
Atlantic high to the western part of the ocean in June accompanied by a
rather further eastward location of the Indian Ocean and Australian region
high pressure centres than is normal in that month. The distance between
the Atlantic and Indian Ocean centres was thus increased, but the eastward
displacement of the high over Australia maintained a distance between it
and the Indian Ocean centre close to that observed during the five-year
period.

The southeast Pacific centre is markedly erratic during the summer and

autumn FGGE period with a notable apparent movement over the South American
continent in April; with a location still well to the east of its normal

position in May.
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Fig. 4 Departure of the FGGE a7 index from the average of 1972-77 for each month and longitude. Shaded (negative) area indicates
poleward displacement. Note that the index is not calculated at South American longitudes because of thermal and
orographic effects resulting in unrepresentative surface nressures in some months.
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Fig. 5 a4 index — longitudes of the centres of monthly mean high pressure in the sub-tropics for the four regions of high
frequency during FGGE and 1972-77. Stippled area shows extremes and range for the latter period; bracketed figures
show annual means (see also Table 1).
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THE WESTERLIES

The zonally-averaged b, index, representing the strength of the zonal
westerly current between 40°S and 60°S, is shown in Fig. 6 for the FGGE
period in comparison with the mean and extreme values observed for the
five-year period. It is this index that differs most markedly from those
of the previous years, with the FGGE observations averaging some 18 per
cent higher over the year. The extent to which this difference is real or
due to the better specification of surface pressure at higher latitudes
over the ocean, resulting from the buoy data, is a matter of some interest.
Guymer and Le Marshall (1980) also point to an increased strength of the
westerlies during the experiment period. It seems quite likely that
westerly strengths have been underestimated in the past. However, the
observed seasonal and monthly ranges of the bl index are considerable even
Table 1 a, index for FGGE year - longitudes of centres of high pressure on
mean monthly MSL analyses. Seasonal locations are medians of
individualmonthly locations for the appropriate sector.

Southwest Southeast
Atlantic Indian Australia Pacific Pacific
Month (°wW) (°E) (°E) (°wW) (°w)
Dec 78 11 74 - - 30
Jan 79 5 84 - 176 124
Feb 79 14 97 - - 115
Mar 79 1 77 - 150 105
Apr 79 1 70 155 152 67
May 79 13 73 139 149 83
Jun 79 37 920 156 - 96
Jul 79 16 65 138 - 100
Aug 79 7 73 142 150 83
Sep 79 9 74 156 143 99
Oct 79 7 81 - - 106
Nov 79 2 69 124 176 106
Summer
(Dec~-Mar) 8 81 - (163) 110
Autumn
(Apr-May) 7 71 147 151 75
Winter
(Jun-Sep) 13 73 149 (147) 97
Spring

(Oct-Nov) 5 75 (124) (176) . 106
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for the quite short period of previous comparison (Streten 1980). That the
pattern for the 1979 winter is unusual is clear from evidence independent
of the analysed charts. The five-year means (Fig. 6), and also the long-
term pressure differences between station monthly means (Fig. 7), show the
half yearly cycle in the mid-latitude westerlies first pointed out by van
Loon (1967). The July and August of 1979 (Fig. 6) show a substantial
change in this pattern with the mid-winter minimum of the long-term
observations being replaced in the winter of 1979 by a relative maximum.
The complete 1979 mean pressure data for the stations of Fig. 7 are not yet
readily available, however for pair (1), i.e. New Amsterdam Island minus
Davis, the winter data for July, August and September of 1979 show
differences of 45.5, 43.3 and 39.4 mb respectively, which are all greatly
in excess of the long-term means (see Fig. 7). This relates in part to the
very low monthly mean pressures around the whole coast of East Antarctica
in July 1979 (many exceeding two standard deviations) that were referred to
by Tucker and Physick (1979). The evidence thus suggests that the winter
period at least was considerably different from normal.

Examination of the longitudinal pattern of b1 anomaly, shown in the
upper panel of Fig. 8, indicates that during the whole winter the westerly
pressure gradient is much stronger in the eastern gquadrant but with
slightly weaker values in the western quadrant later in the season. The
overall picture for the entire year is, however, one of a predominance of
above normal gradients at most longitudes and in most months. Clearly, a
continuation of buoy observations for a longer period would be necessary
to determine the extent to which local pressure gradients at higher
latitudes have been poorly analysed in the past. The present evidence
suggests, however, that from a broadscale viewpoint the 1979 period was
abnormal.

THE SUB-ANTARCTIC TROUGH

The location of the zonally-averaged sub-Antarctic trough (c, index) during
the FGGE year is shown in Fig. 9. In the annual mean the latitude of the
trough is slightly further north than in the 1972-1977 period, though in
general well within the extreme range observed during that period. The
half yearly cycle in its latitude (van Ioon 1967) is not so evident in 1979
particularly in winter, which, as has been noted, was also anomalous in
relation to the strength of the westerly gradient.

In the lower panel of Fig. 8 the longitudinal pattern of ¢; anomaly
throughout the year is displayed. 1In winter, a generally poleward
anomalous displacement is observed followed by a hemisphere wide spring
equatorward advance with the trough further north than in the five-year:
mean. This spring situation is also reflected in the a; and b, data (Figs
3 and 6 respectively) where the southward anomaly of subtropical high
pressure at the same time as a northward advance of the sub-Antarctic trough
is associated with the very strong pressure gradient between 40°S and 60°S
(bl index). By contrast, in winter as is displaced southward, but cy is
also displaced southward and although this situation is still associated
with a strong positive anomaly in b;, the gradients are not as strong as in
spring.
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Fig. 6 Zonally-averaged b, index (mb) - pressure gradient between 40°S and 60°S for FGGE and 1972-77.

Stippled area shows the extremes and range for the latter period; bracketed figures are annual means.

Fig. 7 Pressure differences Ap {mb) of long-term monthly means for
four pairs of stations (1) New Amsterdam Island (37.8°S, 77.6°E)
minus Davis (68.6°S, 77.9°E); (2) Gough Isiand (40.3°S, 9.9°W)
minus SANAE {70.5°S, 2.9°W); (3) Valdivia (38.8°S, 73.2°W)
minus Argentine Island (65.3°S, 64.3°W), (4) Mount Gambier
(37.8°S, 140°E) minus d'Urville (66.7°S, 140°E).
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The monthly and seasonal distribution of ¢, (longitudes of pressure
minima) and cy (longitudes of relative pressure maxima) for the FGGE period
are shown in Table 2, and their annual distribution in comparison to the
1972-1977 data in Fig. 10. For C, the latter figure shows a generally
similar pattern to the five-year mean but with two important variations:

(i) The much lower frequency of low pressure centres in the Weddell
Sea than for the mean;

(ii) The location of a higher frequency of low pressure off the coast
of West Antarctica (between 90°W to 120°W) than for the mean.

The reality of these differences is difficult to assess. Doubt has
been expressed previously (Streten 1980) about the five-year data, in that
the numerical analysis system may tend to identify Weddell Sea lows on day
to day charts because of the observed station winds at the northeast of the
Antarctic Peninsula. Schwerdtfeger (1975) has shown these winds to be of
local origin and not representative of the broadscale circulation pattern;
consequently it may be that the better data coverage of buoys in the region
(e.g. Fig. 1) has reduced the incidence of such analysis errors. Notably,
the FGGE data better correspond in this respect with the mean data of the
southern hemisphere climatic atlas (Taljaard et al. 1969) than with the
five~year Australian analyses.

Table 2 ¢, and c; indices for FGGE year - longitudes of relative pressure
minima (cz) and maxima (c3) on the Antarctic trough for mean monthly
MSL analyses. Seasonal locations are medians of individual monthly
locations for the appropriate sector.

c, - Longitudes of Minima cy - Longitudes of Maxima

Month or season (degree) (degree)

Pec 1978 13E, - 92w - 135E, -
Jan 1979 32E, 150E, 100w 87E, - S6W
Feb 1979 25E, 180 , 95w 70E, - 19w
Mar 1979 18E, 108E, 148W 60E, 14eE, 62w
Apr 1979 03E, 110E, 106w 70E, 153E, -
May 1979 26E, 98E, 155w 62E, 148€, 65w
Jun 1979 1w, 88E, 139w 24E, 145E, 6 5W
Jul 1979 288, 110E, 145w 66E, 148€E, 45w
Aug 1979 34E, 95E, 95w 60E, 147E, 30W
Sep 1979 SSE, - 134w - 131E, 37w
Oct 1979 30W, 116E, 113w 30E, 180 , 57w
Nov 1979 36E, - 127 110E, - 60W
Summer

(Dec-Mar) 22E, 150E, 97w 70E, 140E, S56W
Autumn

(Apr-May) 15E, 104E, 130W 66E, 150E, 65W
Winter

(Jun-Sep) 31E, 95E, 13w 60E, 146E, 4w
Spring

(Oct-Nov) 03E, 11€E, 120W 70E, 180, S







