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An atmospheric climatology of the
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A ten-year climatology of the southern hemisphere has been developed using the unique
data set of the Melbourne World Meteorological Centre’s operational hemispheric
analyses. Details of the analysis system and its impact on the climatology are described.
The major features of the climatology, which include both mean and variability fields,
are presented. Differences in the mean fields between this ten-year climatology and
a previous southern hemisphere climatology of Taljaard et al. (1969) are noted.
Changes in the mean fields and variability within the decade are also recorded. In
particular, the ten-year study has shown several changes in the mean fields from the
Taljaard climatology. Both the circumpolar trough and subtropical ridge in the mean
sea level pressure field were more intense and the temperature field had a larger
standing wave amplitude.

A climatology of southern hemisphere radiosonde observations for the same ten-year
period has been used to verify the analysis climatology. In general, the analyses agree

of daily numerical analyses (1972-82):

with the station observations very well for both the mean fields and variability.

Introduction

From May 1972, World Meteorological Centre
(WMC) Melbourne has produced daily numerical
analyses of the southern hemisphere which have
described the broadscale features. These analyses are
of widespread interest and have already been the
basis of a considerable number of studies e.g.
Howarth (1983); Le Marshall and Kelly (1981);
Physick (1981); Swanson and Trenberth (1981a, b);
Streten and Pike (1980); Trenberth (1979); van Loon
(1980) and many others. The first ten years of these
daily analyses (September 1972 to August 1982) have
been used to derive a climatic atlas for the southern
hemisphere.

There were several reasons for the production of
this atlas. It provided a means for gauging some
aspects of analysis quality and a basis for estimating
the impact of changes in the analysis system and the
data base on the analyses. It also gave an opportunity
to estimate the differences between the WMC
Melbourne data and those from earlier studies of the
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southern hemisphere, in particular the climatology
of Taljaard et al. (1969), as well as the chance to
examine differences within the ten-year period itself.
Some aspects of the WMC Melbourne’s southern
hemisphere analyses have been described by
Trenberth and his colleagues in a series of papers
(Trenberth 1979, 1981, 1982; Swanson and Trenberth
1981a, b) using a shorter time period of analyses.
This paper contains an overview of the ten-year
climatology, in particular the monthly mean fields
and the daily and monthly standard deviation fields
which have been computed about the individual
monthly means and the mean of the ten individual
monthly means respectively. Details of the analysis
system and the data base available for the daily
analyses are described first. Then the derivation of
the climatology from the daily analyses is described.
The major features of the monthly mean fields, in
particular for January and July, their differences
from the climatology of Taljaard et al. (1969), and
changes over the ten-year period, are presented next.
The features of the variability fields and their changes
over the ten-year period are described. Finally, the
strengths and weaknesses of the climatology are
discussed and cautions provided about the
appropriateness of the data for some studies.
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Daily analyses

Within WMC Melbourne, the operational analyses
which form the basis of this climatology are held on
a 47 x 47 polar stereographic grid on the
hemisphere, giving an effective resolution of about
500 km. Geopotential height, wind, and temperature
are held at seven pressure levels (1000, 850, 700, 500,
300, 200, and 100 mb), water vapour mixing ratio
is held at the lowest four pressure levels and mean
sea level pressure is also recorded. The basic southern
hemisphere analysis-forecast system was outlined by
Gauntlett et al. (1972). The analysis component of
the system, which remained unchanged over the ten
years, is further described below.

The analyses relied on initial specification of the
mean sea level pressure (MSLP) and 1000 mb to 500
mb thickness fields by manual analysis methods.
These methods made use of all available conventional
data and also cloud picture interpretation (Guymer
1978), which gave the deviations of these two fields
from the climatology of Taljaard et al. (1969) and
extended the data base into data-void regions.

The conventional data base used in the analyses
was that arriving at WMC Melbourne within seven
hours of the analysis time. The coverage of these
observations was often incomplete, with for example
upper-air observations from some South American
and African stations and Easter Island not usually
being included in the analysis. Details of the data
base are given in the next section.

In the analysis scheme, manually analysed fields
of MSLP and 1000 mb to 500 mb thickness were
gridded to provide pseudo-observations which were
used to modify or replace first guess fields. The
pursuant successive correction method analyses
(Cressman 1959), using objective data rejection
criteria, ensured that the features of the manual
analyses were retained. Pseudo-observations from
the manually analysed 1000 mb to 500 mb thickness
were also broken down according to climatology to
provide inter-level thickness pseudo-observations
below 500 mb. All pseudo-pbservations had a high
weight in the successive correction method analyses.

A complete hemispheric coverage of pseudo-
observations was usually provided at 00GMT. After
1976 at 12GMT, the coverage of pseudo-observations
was more limited and variable, the 1000-500 mb
thickness in particular usually being specified only
in the sector from 90 to 180 degrees east.

MSLP and 1000 mb height were analysed first
using all available conventional observations and the
pseudo-observations. Over Antarctica, station data
are reduced to give MSLP assuming a linear
relationship between the intermediate layer
thicknesses and the 1000 to 500 mb thickness. For
example at the South Pole the algorithm used for
calculating 1000 mb to 500 mb thickness is

1000 to 500 mb thickness = 2 x (700 mb to 500
mb thickness) + 30 dam.

The MSLP is then calculated from the 1000 mb

geopotential height hydrostatically. The analyses
were built up from the 1000 mb level to each
successive higher level using the following procedure.
The inter-level thickness field was analysed first. The

first guess thickness fields between 1000 and 500 mb

were 12-hour prognoses. Before 1976 these were
provided by a filtered baroclinic model and
subsequent to this by a hemispheric version of the
spectral model of Bourke et al. (1977). However,
because of the pseudo-observation coverage (see
above), these guess fields had little effect below 500
mb in the 00GMT analyses. The geopotential height
at each level was diagnosed from the analysed inter-
level thickness and the lower-level height field. A first
guess for the wind field was obtained using a
combined geostrophic-gradient wind assumption
from the height field with a relaxation to the Taljaard
climatology in low latitudes. All wind observations
were then analysed. A first guess for the temperature
field at each level was obtained using a statistical
relationship from the analysed inter-level thickness
field and prescribed lapse rates. All temperature
observations were then analysed.

Above 500 mb, the first guess thickness fields were
a combination of 2-hour prognosis fields, and fields
based on correlations between lower and upper
tropospheric variables, generated by using predictors
and predictands which were deviations from
climatology (Seaman 1972). No pseudo-observations
were used above 500 mb. Otherwise the analysis
procedure above 500 mb was the same as for the
lower levels.

The water vapour mixing ratio was analysed from
very sparse observations using as a first guess, a
combination of the 12-hour prognosis, and the
Taljaard climatology. It was felt that the water
vapour mixing ratio analyses were not reliable over
large areas and they will not be discussed further
here.

The data base

The conventional data base used in the analyses
consisted mainly of ship and surface synoptic
observations, radiosonde and rawinsonde data,
drifting ocean buoy data mainly during 1979 and
1980, and lower-level cloud winds when available.
In addition, these data have been supplemented since
1976 between 20°S and 60 °S by Vertical Temperature
Profile Radiometer (VTPR) data, in part locally
reduced (Kelly. et al. 1976). From 1979, second
generation sounding data from the Tiros N/NOAA
A-G series satellites have been incorporated into the
analyses. These data arrived in Melbourne via the
Global Telecommunications Systems from
NESS/NESDIS and were at approximately 5°
horizontal resolution. Deployment of the second
generation sounders resulted in a significant
improvement in sounding data quality from 1979
onwards, and with two satellites from July 1979
asynopticity problems were overcome (full
hemispheric coverage four times per day).
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The satellite imagery available to augment the data
base during analysis came from US polar orbiting
satellites (Automatic Picture Transmission (APT)
and Weather Facsimile (WEFAX) data) and since
January 1977 from the GOES-E and GOES-W
geostationary satellites. From 1978 imagery from the
Japanese Geostationary Meteorological Satellite
(GMS) has augmented this data base and, on
occasion, imagery from the Meteor series of satellites
and Meteosat has also been used.

The coverage of upper-air observations received
at WMC Melbourne was often incomplete. An
indication of the typical coverage of reporting
radiosonde stations included in the 00GMT analyses
is shown in Fig. 1. On this map for January, the
number of years out of ten and the average number

Fig. 1 Coverage of 00 GMT radiosonde station observations

of days in the month for which the 00GMT
observations were received (in brackets) is plotted
at the station positions. A good coverage was
maintained over the ten-year period from stations
in Australasia, the western Pacific Ocean, and
Antarctica. Much poorer coverage was obtained
from stations in Africa and South America, where
reports from some stations were received in one year
only, the First GARP Global Experiment (FGGE)
year. In addition, there was a very low station density
in many oceanic areas of the southern hemisphere
due to the absence of island stations and weather
ships. However, this station coverage is as good as
that available for the Taljaard climatology and is
better than that used in the recent station climatology
of Oort (1983) in the southern hemisphere.

received at WMC Melbourne for January. Plotted at each

station location are the number of years out of ten and the mean number of days in a month for which observations
were received (YY(DD)).
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Data analysis for the climatology

The daily hemispheric analyses at 00GMT from
September 1972 until August 1982 were used for the
climatology. The first few months of the daily
analyses before September 1972 were not used in the
climatology because of initial problems with the daily
analysis system and the large number of missing
analyses. During the ten-year period, less than 2 per
cent of analyses were missing and the longest
continuous sequence of missing analyses was nine
in May 1979 which resulted from problems with the
operational archiving process. No attempt was made
to correct for missing analyses in the climatology.
Analyses for 00GMT were used because they usually
had a more complete coverage of pseudo-
observations than at 12GMT.

All variables available in the daily analyses have
been included in the climatology; MSLP,
geopotential height, temperature, wind components,
and water vapour mixing ratio. The same horizontal
and vertical resolution as in the daily analyses was
used. Monthly means and daily standard deviations
of the grid-point data about the monthly means were
computed for each month. Ten-year means of the
monthly means and daily standard deviations were
computed for each calendar month, as well as means
for the first and second five-year periods separately.
The monthly standard deviations of the monthly
means about their ten-year mean were calculated for
each calendar month. Annual means over the twelve
calendar months were then computed.

Comparisons between station data and these fields
which occur later in the text use only 00GMT
observations. It should be noted at this stage that
the earlier climatology of Taljaard et al. (1969) was

based on an extensive study and analysis of the mean
monthly southern hemisphere circulation and is
mainly representative of the decade 1957-1966.

Monthly mean fields

The monthly mean fields of MSLP, geopotential
height, and temperature for the decade 1972 to 1982
are, in most areas, similar to those of Taljaard et
al. (1969). This was noted for the first five-year
period by Le Marshall and Kelly (1981).

MSL pressure

The ten-year mean monthly mean MSLP for January
and July are shown in Fig. 2, with differences from
the Taljaard climatology and between the second and
first five-year periods in Fig. 3. The differences
shown are the Australian southern hemisphere
climatology minus the Taljaard climatology
(ASHCL-TALJ) and the second five-year period
minus the first (2ND-1ST 5YR).

The largest differences in MSLP between the two
climatologies occur over Antarctica, where the
different techniques used for reduction to mean sea
level are a contributory factor. However using station
data, Swanson and Trenberth (1981a) have noted
large changes between the periods of the two
climatologies at high latitudes which indicate that
part of these differences is real. An increase in MSLP
is also evident in this area when moving from the
first to the second five-year period of the
climatology.

At slightly lower latitudes, comparison of the
circumpolar trough (CPT) shows a redistribution of
pressure between the two climatologies. There are
increases in the pressure in the CPT in the later
climatology in the Drake Passage and around the

Fig. 2 Ten-year mean monthly mean (ASHCL) mean sea level pressure (MSLP) for (a) January and (b) July. Contour

interval 5 mb.

MSLP ASHCL JANUARY MONTHLY MEAN

MsLP ASHCL JULY MONTHLY MEAN
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Greenwich meridian and decreases in pressure in the
South Pacific Ocean near 60° S. A marked decrease
in the pressure of the CPT is evident at most
longitudes in the second five-year period compared
to the first, with decreases larger than 5 mb in several
areas. This difference between the two periods
illustrates the change in circulation in the second half
of the decade (Streten and Pike 1980) and was also
enhanced by the contribution of the FGGE drifting
buoys to the observational data base (Guymer and
Le Marshall 1980).

The ten-year mean subtropical ridge (STR) is
similar to that of Taljaard et al. (1969) but it is a
little stronger, mainly in summer and over the
oceans. The STR showed a small increase in intensity
from the first five years to the second in most areas.
However, the most marked change in the pressure
distribution from the first five years to the second
was a general increase in the pressure gradient from
about 40° S to 60° S.

Fig. 3 Monthly mean MSLP differences. Ten-year mean minus Taljaard climatology (ASHCL-TALJ) for (a) January and
(b) July. Second five-year mean minus first five-year mean 2ND — 1ST § YR) for (¢) January and (d) July. Con-

tour interval 1 mb. Negative contours are dashed.

MSLP DIFF JAN MON MN 2ND-1ST 5YR

MSLP DIFF JULY MON MN 2ND-1ST 5YR
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Upper-air fields

Above mean sea level, the changes in geopotential
height can be understood best by considering both
the changes in MSLP described above and the
changes in the temperature. Therefore, we now
describe the ten-year mean 700 mb temperature field
for January and July, shown in Fig. 4, which is
closely related to the 1000 mb to 500 mb thickness.
This field shows more longitudinal variation than the
rather zonally symmetric 700 mb temperature field
in the Taljaard climatology.

The differences of the ten-year mean 700 mb
temperature from the Taljaard climatology and
between the second and first five-year periods are
shown in Fig. 5. Again the largest differences
between the two climatologies occur over Antarctica,
where the different techniques for the reduction of
surface data to the 700 mb pressure level are a
contributory factor. Swanson and Trenberth (1981a)
have also noted real changes in temperatures in this
region between the two periods. Smaller changes can
be seen in the analyses between the second and first-
year periods particularly in winter.

At lower latitudes, the temperature differences
between the two climatologies are generally
consistent with an increased standing wave amplitude
of temperature in the later climatology. These
temperature differences are larger than the generally
small differences between the second and first five-
year periods of the climatology. In many areas, the
temperature differences between the two
climatologies change from January to July but the
major differences are as follows: warming over large
areas of the subtropical Pacific Ocean with cooling
over the Drake Passage region and the tropical

Pacific, warming over the subtropical Atlantic
Ocean, cooling over South America, and complex
changes over the Indian Ocean.

The ten-year mean geopotential height at 500 mb
for January and July are shown in Fig. 6. The
differences of this field from the Taljaard
climatology are combinations of the ‘differences in
MSLP and 700 mb temperature and they are not
shown here. Over Antarctica, the later climatology
shows height increases as a result of the MSLP
increases and the warmer lower troposhere. Over the
CPT, the height is reduced over the southern Pacific
and southern Indian oceans due to decreased MSLP
and increased over the southeastern Atlantic Ocean
due to increased MSLP and temperature. In
subtropical latitudes, there is a general increase in
height due to increased pressure and warmer
temperatures, particularly over the oceans. In general
the changes between the first and second five-year
mean 500 mb height field were dominated by surface
pressure changes.

At 200 mb the salient difference between the ten-
year means and those of Taljaard et al. are height
increases over Antarctica and differences over the
southeastern Pacific (see Fig. 7 (a)). The
strengthening of the height field (to produce weak
ridging) near 25° S, 140° W previously noted in Le
Marshall and Kelly (1981) is again evident both at
200 mb (Fig. 7 (b)) and 100 mb. Again it must be
stressed that the form of the field (i.e. the weak
ridge/trough pattern) may be influenced by the data
distribution (Fig 7 (b)), being the result of analysis
using limited station and satellite data in a largely
data-void area. In particular the trough visible in Fig.
7 (b) near 120° W only has support south of 20° S
from satellite data.

Fig. 4 Ten-year mean monthly mean 700 mb temperature for (a) January and (b) July. Contour interval 5K.
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Fig. 5 As for Fig. 3 but monthly mean 700 mb temperature differences, with contour interval 1K.

TEMP 700MB DIFF JAN MON MN 2ND~-1ST 5YR
The analysed wind field is also available in the
climatology, although several authors, for example
Trenberth and his colleagues, have preferred to use
the geostrophic wind derived from the analysed
geopotential height. The ten-year mean monthly
mean wind at 200 mb, near the level of the jet
maxima, is shown in Figs 7 (¢) and (d) for January
and July. The wind field has stronger, narrower jets
than in the Taljaard climatology associated with the
increased height gradients in middle latitudes.
The differences between the ten-year climatology
and the Taljaard climatology can be summarised
using the zonal mean of the differences between the

DIFF JULY MON MN 2ND-iST 5YR

TEMP 700MB

two climatologies for the geopotential height and
temperature fields in January and July shown in Fig.
8. The geopotential height is larger in subtropical
latitudes, smaller between 50° S and 60° S, and
much larger over the pole in the later climatology.
These differences are essentially the same at all
heights in the troposphere. They show an increased
geopotential height gradient in middle latitudes and
a reduced gradient at high latitudes, indicative of
changes in the wind field. The temperature is
generally warmer over the pole and at low levels in
tropical latitudes but in the middle troposphere the
temperature differences are smaller. Although the






