ed

NTERNATIONAL JOURNAL OF CLIMATOLOGY, VOL. 16, 723-738 (1996)

DIECADAL VARIATIONS OF THE SOUTHERN HEMISPHERE
CIRCULATION

D. I. KAROLY

CRC for Southern Hemisphere Meteorology, Monash University, Clayton VIC 3168, Australia
email:crc@pvortex.shm.monash.edu.au

P. HOPE
School of Earth Sciences, University of Melbourne, Parkville VIC 3052, Australia

AND

P. D. JONES

Climatic Research Unit, University of East Anglia, Norwich, UK
email:p.d jones@nea.ac.uk

Received 16 February 1995

ia Accepted 23 October 1995

g e ABSTRACT

' A data set of monthly mean surface and sea-level pressure observations from a number of stations in the Southern Hemisphere
(SH) for the period since 1901 has been used to investigate interannual and interdecadal variations of the SH circulation. A
fairly uniform network of 62 stations was selected with data for the period 19551985, with a reduced network of 35 stations

F 1 C | having data for the longer period 1901-1985. The sparse network has stations mainly on the SH tropical and mid-latitude land

hepshed |} masses, with few islands or high-latitude stations. :

12 9AL A rotated principal component analysis of the annual mean station pressure anomalies has been used to describe the dominant

301141 | modes of interannual and interdecadal variations of the SH circulation that can be resolved with the available station network.

501091 | We show that the sparse station network is able to capture the dominant modes of variability found in the period 1955-1 985

'mon.couj using the denser network. The leading mode is associated with the El Nifio-Southern Oscillation and is well resolved by the

variations show marked changes in importance on decadal or longer time-scales.

KEY WORDS: Southern Hemisphere; surface pressure; sea-level pressure; interannual variations; interdecadal variations; rotated
components; annual mean anomalies.

1. INTRODUCTION

circulation and its teleconnections, rather than by considering surface climate variations alone.

i CCC 0899-8418/96/070723-16

© 1996 by the Royal Meteorological Society

sparse network. This is the leading mode for interannual and interdecadal variations throughout the last century, but there are
periods when it has reduced variance and a somewhat different structure, notably 1916-1935. Other modes of interannual

There has been considerable recent interest in describing climate variations on decadal and longer time-scales,
perhaps motivated in part by a desire to understand whether recent observed climate variations are associated with
| anthropogenic forcing or are part of the natural variability of our climate system. Observational data for describing
such climate variations range from the relatively short period of the instrumental records to the much longer period,
but harder to interpret, proxy evidence. Almost all these data have been collected at the surface. Often, it is easier to
understand the links between climate variations in different regions in terms of the variations of the atmospheric

In this study, we investigate interannual and interdecadal variations of the Southern Hemisphere (SH)
atmospheric circulation over the last century. There have been a number of recent studies of decadal variations of the
Northern Hemisphere (NH) circulation, e.g. Yamagata and Masumoto (1992), Kushnir (1994), and Trenberth and
Hurrell (1994). Fewer studies have been made of decadal variations for the SH, with van Loon et al. (1993) and
Hurrell and van Loon (1994) investigating long-term changes in the pressure distribution in SH high latitudes, and
Allan and Haylock (1993) considering links between rainfall decreases over south-western Australia and long-term
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changes in SH circulation. The restrictions of available data in the SH have limited the possibilities for studies o
decadal variability of the SH circulation. Recently, Allan et al. (1995) have examined the decadal variability of th
circulation over the Indian Ocean region from Africa to Australia. They used surface wind, temperature and pressure?
data from ships and land stations and showed a marked change in the circulation before and after the 1940s. leen
the changes in data available from ships over this period, it is of interest to confirm these decadal changes in SH

circulation using a fixed station network. :

Observational data for describing the variations of the SH general circulation are quite limited, with hemlsphenc‘
numerical analyses available only since 1972 and a reasonable network of upper air station data available sinces
1958. This period is too short to be able to study decadal variations. However, low-frequency variations of the SH
circulation have a very strong equivalent barotropic vertical structure (Szeredi and Karoly, 1987a), particularly iné
middle and high latitudes. This means that the longer period of surface pressure observations in the SH, back to theg
early 1900s, can be used to provide some evidence of decadal variability of the SH circulation. We concentrate .{
surface pressure variations, rather than on surface temperature, because it is the pressure variations that are relatei
better to variations of the circulation above the surface and because there have been studies of long-term variatio
of SH surface temperatures as part of greenhouse climate change studies (Jones et al., 1986; Folland et al., 1990
Jones, 1994).

Interannual variations of mean sea-level pressure in the SH have been discussed by Kidson (1975), Mo and vang
Loon (1984), Mo and White (1985), and Szeredi and Karoly (1987b) using both station and analysed sea-levell
pressure data. They have shown that the dominant variations are associated with the Southern Oscillation, wi
changes in the mean meridional pressure gradient or in the amplitude of zonal wavenumber three. Pittock (1984)
has shown that the two dominant modes of interannual variations of rainfall over the SH are associated wi \
changes in two sea-level pressure indices, the Southern Oscillation Index (SOI) and the Trans- Polar Index (TPI
The SOI is defined to be the difference between the normalized pressure anomalies at Tahiti and at Darwin (Troup
1965) and has been used often to describe variations of the global climate system associated with the El Nifio4
Southern Oscillation cycle. Pittock defined the TPI as the pressure anomaly at Hobart (43°S, 147°E) minus that ali
Stanley (52°S, 58°W) and showed that it was nearly independent of the SOI over the period 1931-1960.

Jones and Wigley (1988) used Antarctic and SH high-latitude station pressure data to prepare an Antarcti
gridded pressure data set for the period since 1957. Jones (1991) used station data over the SH low and middleg
latitudes to prepare SH gridded pressure data sets back to 1951 and 1911. A principal component analysis (PCA
of the station data in three separate longitude ranges, around the three major SH land masses, was used to generateg,
the gridded pressure data set. The analyses were constructed using a PCA technique to simulate the Australi
gridded operational analyses available since 1972. There was limited discussion of the leading modes of SH %
variability identified from this analysis and no attempt to link the principal components between the different]
regions. The reliability of these SH gridded pressure analyses has been assessed by Jones (1991) and Barnett andg
Jones (1992) and they are considered to be best near the continental areas. Here, we return to the original statlon%
data sets and use them to describe the leading modes of variation of the SH pressure field. ;%

We have used the data set of monthly mean surface pressure and sea-level pressure observations from a numbers
of stations in the SH prepared by Jones and Wigley (1988) and Jones (1991). A fairly uniform network of 62?
stations has been selected with data for the period 1955-1985, with a reduced network of 35 stations having data;'jgg
for the longer period 1901-1985. The reduced network has stations mainly on the SH tropical and mid-latitude
land masses, with few island or Antarctic stations. The two station networks are described in the next section.}

A rotated principal component analysis of the annual mean station pressure anomalies has been used to describe;
the dominant modes of interannual and interdecadal variations of the SH circulation which can be resolved w1th§
the available station network. In section 3, by comparing the rotated principal components obtained from the tw0§
station networks for the period 1955-1985, we show that the sparse station network is able to capture the dominant
modes of variability found using the denser network. The leading mode of variability is associated with the E1§
Nifio—Southern Oscillation. <

In Section 4, the rotated principal components obtained for the sparse station network over the longer pe:rlOd ¢
1901-1985 are described. The interdecadal variations are examined by considering the changes in the prmc1pal?§
components for separate 20-year periods and by considering the principal components of low-pass filtered statloﬂgif
time series. The leading mod€ associated with the Southern Oscillation is found throughout the 1900s usifg the
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uced network, but there are periods when it has reduced variance and a somewhat different structure, notably

2. STATION PRESSURE DATA AND ANALYSIS

we have used a combined data set of monthly mean SH station surface and sea-level pressure observations
described by Jones and Wigley (1988) and Jones (1991). This contains station data collected from the World
Meteorological Organization as well as a number of national archives, and has been checked for gross errors. The
full list of stations available is given in Jones and Wigley (1988) and Jones (1991). Problems associated with
obtaining recent data from some stations, for example Stanley, Grytviken, Djakarta, Luanda, and some South
American stations, have meant that the time series could not be updated to the present and the series extend to 1985
ly.

on'ghere was a large increase in the number of SH stations available since 1951 and after the International
Geophysical Year (1957-195 8), when many island and Antarctic stations provided data for the first time. It is only
after this time that a reasonably complete, large-scale coverage of the SH is available for station pressure data.
However, there are a smaller number of stations, located on the major SH mid-latitude land masses and a few
islands (including two, Grytviken and Orcadas, near the Antarctic continent), which have data available since the
beginning of this century or earlier.

Hence, we have considered two groups of stations; a sparse network with data extending back to 1901, and a full
network with data available from about 1955. In order to provide the most uniform spatial coverage possible,
without undue bias to locations with stations close together, we have selected representative stations, with the
longest records, from groups of stations in close proximity, such as in southern Africa, South America, Australia,
and New Zealand. The 35 stations included in the sparse network are listed in Table I, which also gives the start
dates for the station pressure data and the amount of missing data within the period used. The extra stations used
for the period after 1955 are listed in Table II. These extra stations, together with those listed in Table I, make up

B the full network of 62 stations over the period 1955-1985, which is shown in Figure 1. This full network provides a

Fi Locati . .
logﬁ:n: bold ?Oﬂs of all stations used in the analysis (the full network). The first four letters of the station names are plotted at the station
, or the long record stations available for 1901-1985 (the sparse network), and normal font for the additional stations available for
1955-1985
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reasonable spatial coverage over the SH but there are still some large gaps over the oceans. These gaps must also.
affect the operational SH weather analyses to some extent, although they can make use of ship, buoy and satellite
data too.
The monthly mean pressure data from each station have been examined first to identify any outliers and the ve
small number of observations with departures greater than four standard deviations from the long-term mean ha .
been neglected. Next, the long-term mean annual cycle at each station has been calculated from the individualy oy
monthly means and the time series of monthly anomalies from this long-term mean has been generated for each;
station. We consider only variations on annual time-scales or longer, and work with annual mean anomaly daj
These annual mean anomalies were calculated from the average of all monthly anomalies available in any on
calendar year, with at least six monthly anomalies required if an annual anomaly is to be calculated. We have alsq®
calculated seasonal anomalies for winter (June, July, and August) and summer (December, January, and February
at each station (with at least two of the three monthly anomalies required), but our focus will be on the annual me ’
anomalies. In general, the time series of winter seasonal variations are quite similar to the annual mean variation
for all the SH stations, with the summer anomalies showing smaller correlations than the winter anomalies with th
annual mean anomalies.

Table I. Stations used in the sparse network for 1901-1985

Station name Number Latitude Longitude Start date Missing data

°S) (°E) 1901-1985 (month:
St- Helena 61901 16-0 —-5.7 1892 11
Mauritius 61990 204 775 1853 3
Kisauni 63870 6-1 391 1892 2
Luanda 66160 89 132 1901 1
Tananarive 67083 18-9 475 1889 5
Bulawayo 67964 20-2 286 1901 19
Durban 68588 30-0 310 1884 14
Cape Town 68816 34.0 18-6 1841 3
Port Elizabeth 68842 34.0 25.6 1887 1
Quixeramobim 82586 52 -39-3 1897 1
Cuiaba 83361 15-6 —39.3 1901 0
Rio de Janeiro 83743 229 —43-2 1851 0
Santiago 85574 33.4 ~708 1861 O
Punta Galera 85770 40-0 ~73-4 1899 0 - stat
Punta Arenas 85934 53-0 —-70-9 1889 0 - this
Asuncion 86218 25-2 —575 1893 65 ana
Salta 87047 24.9 —65-5 1901 20 " for
Buenos Aires 87585 34.6 —58-5 1858 0
Sarmiento 87849 453 —69-1 1901 41 ;s
Orcadas 87968 60-7 —44.7 1901 27 © con
Grytviken 88903 54.3 —36-5 1901 63 ortl
Stanley 88890 51.7 579 1895 9 oth.
Apia 91762 13-8 —171-8 1890 1 usii
Tahiti 91938 17-6 —~149-6 1876 63
Auckland 93119 36-9 174-6 1863 60 wel
Dunedin 93890 45.9 1705 1864 27 stat
Port Moresby 94035 9.4 147-2 1901 50 1
Darwin 94120 12-4 130-9 1882 0 cor
Alice Springs 94326 23.8 1339 1885 1 $co
Brisbane 94578 27-4 1531 1887 2 oby
Perth 94610 31.7 116-1 1876 4
Adelaide 94672 35.0 1385 1857 1 wh
Sydney 94767 33.9 1512 1859 2 reg
Hobart 94975 429 1473 1866 10 anc
Djakarta 96745 62 106-8 1866 57 RP
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