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Abstract Clinate ananalies in the southem high latiude associated with the Sub-
tropical D ipoleM ode (SDM ) are mvestigated using a 23-year database consisting of
SLP ( sea level pressure), surface air tanperature ( SAT) and sea surface tempera-
re ( SST). The analysis depicts for the first tme the spatial variability in the rela-
tionsh ip of the above variablesw ith the Subtropical D poleM ode Index ( SDI). It sug-
gests that the SDM signal exists in the southem high latitudes and the correlation
fields exhbit a wavenumber3 pattem around the circumpolar Southem O cean Lead-
lag correlation analysis used to the SLP, SAT, and SST ananalies w ith the SD1 tine
series at the positive and negative correlation extranes shows that the southem-h igh-
latitude clinate responses to SDM alost mstantaneously proposing the connection is
by amospheric and not by oceanic propagation
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1 Introduction

Enough has been sad about the teleconnection of ENSO (E [N i*0-Southem O scilla-
tion) i the tropical Pacific O cean and the clmate i the southem high latitudes ( Fletcher
etal 1982 Smith and Steams 1993 Smmods and Jacka 1995 L et al 2002 Kwok
and Can iso 2002). In resent years much attention was focused on the Indian O cean
(W ebster 1999 Saji1999 Swadhin and Toshio 2001) suggesting the Indian O cean plays a
very active role m the global clinate systan. The relationship betveen the Indian O cean
especially the subtropical Indian O cean and the clinate n the southem high latitudes has
not been discussed n the literature A re there any signals of the subtropical Indian O cean

in the southem-high-latitude clmate anan alie? The present study is to explore the relation-
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ship through analyzing the linear correlation of the Subtropical D ipole M ode Index ( SDI)
(Swadhin and Toshio 2001) w ith the polar clinate anan alies

2 Data analysis and results

Monthly SLP, SAT are got fran the N ational Centers for Environm ental Prediction-N a-
tional Center for A mospheric R esearch (NCAR-NCEP) reanalysis output (Kalhay 1996).
The SST data are fran datasetG ISST 2 2b of the British A mospheric Data Center ( BADC)
(Rayneret al 1996). At each grid pont monthly ananalies of each variable were found
by the method that subtracting the clinatological seasonal cycle fran each monthly mean
value

The anan alies fields i the global NECP 2 5° 2 5° grids and GISST 1° 1° grid are re-
sanpled onto a polar stereographic grid for better visualization over the circum polar South-
em O cean The datasets used here all span a 23-year period fran January 1981 to D ecan-
ber 2002

Based on the defnition of the Subtropical D ipole M ode Index ( Swadhin and Toshio
2001), it is obtamed by canputing the SSI' ananaly difference beween the westem ( 55-
65°F, 37-27°S) and eastem (90-100°E, 28-18°S) subtropical Indian O cean In the fol
low ng analysis threemonth muinning average of the SD1 as shown mn Fig I, is enployed
in order to avoid a significant portion of the noise due to small-scale and transient phenan e-

nawhich are not associated w ith the large-scale coherent SDM signal
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Fig 1 The Subtopical D ipoleM ode Index tine series fran Nov 1981 toM ar 2003 The lne shows the

3month moving average of the tme series

2 1 Correlation analysis

In this section we will exan ne the polar climate ananalies associated w ith the SD |
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tme series The correlation coefficients betw een the tme series of SLP, SSI, SAT anama-
lies and SDM tm e series are canputed The resulting correlation fields are shown n Fig 2

The correlation maps show distinct centers of action ( positive and negative extranes of the
correlation coefficient). M ost strik ing fran the figure is that all of the correlation m aps ex-
hibit awavenumber-3 pattem around the circum polar Southem O cean W e are nterested n
the whole areas of the southem ocean except the southem Indian O cean where SDM locates

There are wo positive correlation centers of action mn the follow ing regions the northem of
W eddell Sea and the southem of Australian land along 50°S There are also wo negative
correlation centers m the northem of the Bellngshausen Sea and in the southem-westem A t
lantic O cean Furthemore we can find that the most positive and negative correlation val-
ues of SST' are higher than SAT and SLP. The locations of the action center and the corre-

sponding correlation coefficients are showed m Table 1
2 2 The lead-lag correlation analysis

The lead-lag correlation analysis is used to study the response tme scale of the correla-
tion W e exam ne only areasw ith strong correlation where we have an nterest The plots of
lead-lag correlation beween the tine series of SDI and the clmate ananalies at the loca-
tions of strongest positive and negative correlation south of 40°S are shown in Fig 3 The

longitude and latitude of the selected locations have been showed m Table 1

Table 1 Locations of the action center and the corresponding correlation coefficients on the correlation m aps of

SLP, SAT, and SST anamaliesw ith SD1 tine series ( 1981-2003).

Positive N egative
Location Correlation Coefficient Location Correlation Coefficient
SLP 175W, 50°S Q24 92 5%W, 65°S -Q 17
SAT 22 5W, 45°S 0 41 130°W, 55°S -0 26

SST 15W, 45°S Q 48 110°W, 50°S -0 34
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Fig 2 Correlation maps of SLP, SAT, and SST ananalies w ith SDI tine series ( 1981-2003) and the location
of the positive ( black X) and negative ( black rectangular) extremes on the correlation maps The cor

relation levels associated w ith the observed correlations are shown in a correlation m ap
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Fig 3 Lead-lag correlation plots of the SLP, SAT, and SSI' ananalies w ith the SDI tine series at the
positive and negative correlation extran es ( positive indicates SDI leads). The autocorrelation of

the SD1 time series is also shown

A's seen m the lead-lag correlation plots the spatial peaks are also distinct m tme and the
broad correlation structure shows its smilarity to the autocorrelation signature of the large-scale
coherent SD I signals There is no observable leading and lagging beween SD1 and the SST a-
nan alies at the location of the negative and positive peaks An approxmate 3- month head
with the SLP and the SAT ananalies lagging the SDI is evident at the positive and negative
peaks M artinson and lannuzzi (2003) and L et al (2002) mplied an amospheric m echa-
nim of the propagation beween ENSO i the tropical Pacific O cean and the climate anam alies
in the southem high latitudes through the mstantaneous correlation results So fran the above a-
nalysiswe can see that the clmate ananalies n the southem high latiudes responses the SDM
almost mstantaneously So it can be suggested the fact that the propagation of the connection

proceeds fast mplies not oceanic but amospheric m echan ism.

3 Conclusions and D iscussion

Through our analysis by correlation analysis to mvestigate the relationship beween
SDM and clinate ananalies in the southem hich latitudes it is clear that (1) evident tele-
connection between SDM and SLP, SAT and SST ananalies m the southem high latitudes



148 LuNaetal

exists Correlation fields exhibit a wavenunber-3 pattem around the circumpolar Southem
Oceany (2) the clmate ananalies n the southem high latitudes responses the SDM ah ost
nstantaneously suggesting the teleconnection proceeds not by oceanic but amospheric
m echan ism.

Now we can conclude thatnot only ENSO signals in the tropical Pacific O cean but also
subtropical D ipole M ode signals are found in the southem high latiudes Peterson and
White (1998), m a case study, show ENSO can be a possible source of the nter-annual a-
nan alies for sustaming the ACW i the westem subtropical South Pacific M ore studies on
nvestigating whether the subtropical D ipoleM ode can also be a source of ACW w ill be done
in the future
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