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Relationship between the Antarctic oscillation in the 
western North Pacific typhoon frequency 
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Relationship between the Antarctic oscillation (AAO) and the western North Pacific typhoon number 
(WNPTN) in the interannual variability is examined in this research. The WNPTN is correlated with the 
AAO in June-July-August-September (JJAS) in 1949－1998 at –0.48 for the detrended time series, sta-
tistically significant at 99% level. The tropical atmospheric circulation as well as the sea surface tem-
perature variability over the western Pacific associated with AAO has been analyzed. It follows that a 
positive phase of JJAS AAO corresponds to the larger magnitude of the vertical zonal wind shear, the 
anomalous low-lever anti-cyclonic circulation and anomalous high-level cyclonic circulation, and lower 
sea surface temperature in the major typhoon genesis region in the western North Pacific, thus pro-
viding unfavorable environment for the typhoon genesis, and vice versa. 

western North Pacific typhoon, Antarctic oscillation, atmospheric circulation. 

1  Introduction 

Typhoon is a very important phenomenon in the atmos-
phere and has significant impacts on human society in 
many Asian-Pacific countries around the Pacific Ocean. 
Chan[1]  reviewed the recent studies in the western 
North Pacific (WNP) tropical cyclone activities. Many 
studies have considered the impacts of El Niño/Southern 
Oscillation (ENSO) on WNP tropical storm frequency, 
intensity, location and the landfalling[2―8]. Some mecha-
nisms have been proposed to explain how ENSO affects 
tropical storm activities, including the magnitude of ver-
tical zonal wind shear, sea surface temperature, Walker 
circulation, and western North Pacific monsoon 
trough[3,9,10] and the relationships between the tropical 
storm and typhoon activity and the stratospheric 
quasi-biennial oscillation (QBO) have also been indi-
cated[4]. 

The ENSO impacts on the typhoon numbers have 
been discussed in several papers. Saunders et al.[11] 

showed that ENSO warm episodes are associated with 

more typhoons over the majority of WNP. However, this 
finding is different from those of Lander[6]. On the other 
hand, Wang and Chan[8] indicated the spatial differences 
in the relationship between tropical storms and ENSO in 
WNP. In their results, the northwest and southeast re-
gions have the opposite correlation between tropical 
storm number and ENSO. 

Recently, Thompson and Lorenz[12] discussed the 
signature of the annular modes in the tropical tropo-
sphere. They identified that the annular modes in both 
hemispheres could be connected with the tropical and 
subtropical atmosphere of the opposing hemisphere. 
Wang and Fan[13] demonstrated the relationship between 
the central-north China precipitation and the Antarctic 
oscillation (AAO). 

There are two definitions for the AAO index[14,15]. In 
this work, the AAO index is defined as the zonal mean 
normalized sea-level pressure (SLP) difference between 
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40°S and 60°S following Wang and Fan[13], based on the 
analysis of Gong and Wang[14]. In this research, the lin-
ear trends for the time series have been removed before 
any correlation analysis. 

2  Data sets 

The western North Pacific typhoon record (1945－2004) 
employed in this research was obtained from the Joint 
Typhoon Warning Center (JTWC)[16,17]. The monthly 
sea-level pressure data for 1871－1998, with 5°×5° 
horizontal resolution, analyzed by the Hadley Center for 
Climate Prediction and Research, were also applied[18]. 
The atmospheric monthly reanalyses data (1949－1998) 
of the National Center for Atmospheric Research 
(NCAR) and National Center for Environmental Predic-
tion (NCEP) at 17 vertical levels with a horizontal reso-
lution of 2.5°×2.5° were employed as well in this 
study[19]. We also analyzed the NOAA optimum interpo-
lation (OI) sea surface temperature (SST) monthly 
data[20]. 

3  Results 

Figure 1 depicts the time series for the June-July- Au-
gust-September mean (JJAS) AAO, and annual WNP 
Typhoons number (WNPTN) in 1945－1998. There is 
significant negative correlation between the two series 
(correlation coefficient is –0.48 for the detrended series 
in 1949－1998, significant at 99% level). If the Thomp-
son and Wallace index for AAO is used, the correlation 
coefficient (CC) between AAO and WNPTN is –0.32, 
significant at 95% level. The current AAO index is cor-

related with the Thompson and Wallace index for AAO 
at 0.80 for JJAS in 1949－1998. 

Many studies identified the significant role of the 
magnitude of vertical zonal wind shear (MWS) in the 
tropical cyclone activities. Large values of MWS disrupt 
the incipient tropical cyclone and can prevent genesis, or, 
if a tropical cyclone has already formed, large MWS can 
weaken or destroy the tropical cyclone by interfering 
with the organization of deep convection around the cy-
clone center[21]. Thus we analyzed the magnitude of ver-
tical zonal wind shear between 150 hPa and 850 hPa, 
and its correlation to AAO and WNPTN in 1949－1998 
is plotted in Figure 2. Figure 2(b) shows that WNPTN is 
negatively correlated to MWS in the large area of tropi-
cal western Pacific round 10oN－15oN east of 145oE 
(region A) and the South China Sea region (region B) as 
well, but with positive correlation in regions C and D. 
Region A is the major area for Typhoon genesis in the 
WNP, while region B is the area that typhoons fre-
quently pass by. Turning to the AAO-MWS correlation 
shown in Figure 2(a), the general pattern is reverse to 
that of the WNPTN-MWS correlation in Figure 2(b), 
with the positive values in regions A and B, but negative 
values in regions C and D. Therefore, a positive (nega-
tive) phase of AAO is concurrent with the larger 
(smaller) magnitude of vertical zonal wind shear in re-
gion A, providing unfavorable (favorable) conditions to 
the genesis of typhoon, resulting in less (more) typhoons 
in this region. 

We also analyzed the vorticity field at 925 hPa and 
depict its correlation coefficients with AAO and 
WNPTN in Figure 3. It follows that the correlation coef- 

 
Figure 1  The interannual variation for AAO (solid line) and WNPTN (solid line with dots) in JJAS in 1945－1998. The units for y-coordinate are hPa 
(right) and number (left) respectively for AAO and WNPTN. 
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Figure 2  The geographical distribution for the correlation coefficients between the JJAS magnitude of vertical zonal wind shear (between 150 hPa and 
850 hPa) and AAO index (a) and WNPTN (b) in 1949－1998. Shaded areas indicate significant correlation at 95% level, estimated by a local student t-test. 
 

 
Figure 3  The geographical distribution for the correlation coefficients between the 925 hPa vorticity and the AAO and WNPTN. 
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ficient of AAO-vorticity is negative north to the equator 
in the western Pacific sector and positive in the western 
north Pacific. The above pattern is just similar to the 
WNPTN-vorticity correlation coefficient pattern, but 
with reverse signs. Thus the analysis on the vorticity 
supports the above finding that AAO is negatively cor-
related with the WNPTN. 

Warm ocean water throughout a sufficient depth is a 
very important pre-condition for the typhoon genesis, 
fueling the heat engine of the typhoon. Thus, we ana-
lyzed the correlation between AAO and WNPTN and the 
sea surface temperature in JJAS. Figure 4(b) is the 
WNPTN-SST correlation coefficient diagram, indicating 
the positive values in tropical western Pacific (region A), 
a major typhoon genesis region. The AAO-SST correla-
tion map (Figure 4(a)) shows a reversed coefficient in 
this region. Therefore, positive (negative) AAO anoma-
lies are associated with lower (higher) SSTs in the 
tropical western Pacific, resulting in unfavorable (fa-
vorable) surface thermal condition for the typhoon 
genesis. Interestingly, the South China Sea region (B) 
and the region to the east of Australia (C) also have the 
reverse signs of correlation coefficient between what 
shown in Figure 4(a) and Figure 4(b), suggesting, again,  

 
Figure 4  The geographical distribution for the correlation coefficients 
between JJAS SST and AAO index (a) and WNPTN (b) for JJAS in 1950
－1998. Shaded areas indicate significant correlation at 95% level, esti-
mated by a local student t-test. 

the negative relationship between AAO and WNPTN. 
Now we analyze the velocity variation in the WNP 

associated with AAO. In Figure 5, we depict the differ-
ences of winds at 150 hPa and 850 hPa between positive 
and negative AAO composites for JJAS in 1949-1998. 
Positive composite is for the years with normalized 
AAO larger than 0.5, and negative composite is for the 
years with normalized AAO less than –0.5. The El Nino 
years (1951, 1953, 1957, 1963, 1965, 1972, 1982, 1987, 
1991, 1997) and La Nina years (1954, 1955, 1956, 1964, 
1970, 1971, 1973, 1975, 1988, 1998) are excluded. It 
follows that anomalous cyclonic circulations dominate 
in large part of the WNP region at 150 hPa, and anoma-
lous anti-cyclonic circulations are found at 850 hPa, 
showing a baroclinic structure of the variation in the 
tropical western Pacific. These changes provide the un-
favorable environment for the typhoon genesis and de-
velopment under positive AAO phase, and vice versa. 

As noted by previous studies (e.g. Wang and Fan[13], 
the circulation changes in the tropical western Pacific 
are associated with AAO via the meridional teleconnec-
tion pattern. This teleconnection pattern is located  

 
Figure 5 The AAO-based composite differences of JJAS velocity at 150 
hPa (a) and 850 hPa (b) during 1949－1998. Positive composite is for the 
years with normalized AAO larger than 0.5, and negative composite is for 
the years with normalized AAO less than –0.5. Shaded areas indicate the 
values larger than 2×10−7s−1. 
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both the high-level and low-level troposphere. As a re-
sult, the anomalous low-level convergence and high- 
level divergence are introduced in the equatorial western 
Pacific region, causing positive anomalies of the con-
vection in the region. This anomalous convection will in 
turn affect the convective activities in the western North 
Pacific via the eastern Asia teleconnection (or the   
Pacific-Japan) pattern[23], resulting in the anomalies of 
the typhoon activities. 

4  Summary 

This research shows a significant negative correlation 
between the typhoon frequency in the WNP and the 
Antarctic oscillation in JJAS. The underlying atmos-
pheric circulation and SST variation are investigated. 
The tropical western Pacific is proved to have the larger 

(smaller) magnitude of vertical zonal wind shear and 
cooled (warmed) ocean surface water under the positive 
(negative) phase of JJAS AAO. It is suggested that the 
meridional teleconnection in the high troposphere, 
which exists primarily in the Pacific sector, maybe is 
responsible for the WNPTN-AAO remote linkage. The 
long-term simulation results by a coupled climate model 
support the above finding. 

This paper also shows that the teleconnection pattern 
from the middle and high latitudes of SH to the tropical 
region of western Pacific may play an important role in 
the AAO- WNPTN linkage. Through the teleconnection, 
the convective activities over the equatorial region of the 
western Pacific are connected to AAO, and, in turn, 
connected to the convective activities in the western 
North Pacific, which is associated with the typhoon ac-
tivities.  

 
1 Chan J C L. Interannual and interdecadal variations of tropical cy-

clone activity over the western North Pacific. Meteor Atmos Phys, 
2005, 89: 143―152 

2 Camargo S J, Sobel A H. Western North Pacific Tropical Cyclone 
Intensity and ENSO. J Climate, 2005, 18(15): 2996―3006 

3 Chan J C L. Tropical cyclone activity in the Northwest Pacific in re-
lation to the El Niño/Southern Oscillation phenomenon. Mon Wea 
Rev, 1985, 113(4): 599―606 

4 Chan J C L. Tropical cyclone activity in the Western North Pacific in 
relation to the Stratospheric Quasi-Biennial Oscillation. Mon Wea Rev, 
1995, 123(8): 2567―2571 

5 Chia H H, Ropelewski C F. The interannual variability in the genesis 
location of tropical cyclones in the Northwest Pacific. J Climate, 
2002,15(20): 2934―2944 

6 Lander M A. An exploratory analysis of the relationship between 
tropical storm formation in the Western North Pacific and ENSO. 
Mon Wea Rev, 1994, 122(4): 636―651 

7 Wu M C, Chang W L, Leung W M. Impacts of El Niño-Southern 
Oscillation events on tropical cyclone Landfalling activity in the 
Western North Pacific. J Climate, 2004, 17(6): 1419―1428 

8 Wang B, Chan J C L. How Strong ENSO events affect tropical storm 
activity over the Western North Pacific. J Climate, 2002, 15(13): 
1643―1658 

9 Gray W M. Atlantic seasonal hurricane frequency: Part I: El Niño and 
30 mb quasi-biennial oscillation influences. Mon Wea Rev, 1984, 
112(9), 1649―1668 

10 Jones C G, Thorncroft C D. The role of El Niño in Atlantic tropical 
cyclone activity. Weather, 1998, 53: 324―336 

11 Saunders M A, Chandler R E, Merchant C J, et al. Atlantic hurricanes 
and NW Pacific typhoons ENSO spatial impacts on occurrence and 
landfall. Geophys Res Lett, 2000, 27(8): 1147―1150, doi: 
10.1029/1999GL010948 

12 Thompson D W J, Lorenz D J. The signature of the annular modes in 
the tropical troposphere. J Climate, 2004, 17(22): 4330―4342 

13 Wang H J, Fan K. Central-north China precipitation as reconstructed 
from the Qing dynasty: Signal of the Antarctic Atmospheric Oscilla-
tion. Geophys Res Lett, 2005, 32: L24705, doi:10.1029/ 
2005GL024562 

14 Gong D Y, Wang S W. Definition of Antarctic Oscillation index. 
Geophys Res Lett, 1999, 26(4): 459―462 

15 Thompson D W J, Wallace J M. Annular modes in the extratropical 
circulation: Part I: month-to-month variability. J Climate, 2000, 13(5): 
1000―1016 

16 Jarvinen B R, Neumann C J, Davis M A S. A tropical cyclone data tape 
for the North Atlantic Basin, 1886-1983: Contents, limitations, and 
uses. NOAA Technical Memorandum NWS NHC 22, Coral Gables, 
Florida, 1984 

17 Landsea C W, Anderson C, Charles N, et al. The Atlantic hurricane 
database re-analysis project: Documentation for the 1851―1910 al-
terations and additions to the HURDAT database. In: Murname R J, 
Liu K B, eds. Hurricanes and Typhoons: Past, Present and Future. 
New York: Columbia University Press, 2004. 177―221 

18 Basnett T A, Parker D E. Development of the Global Mean Sea Level 
Pressure Data Set GMSLP2. Hadley Centre Climate Research Tech-
nical Note CRTN 79, 1997 

19 Kalnay E, et al. The NCEP/NCAR 40-year reanalyses project. Bull 
Am Meteorol Soc, 1996, 77(3): 437―471 

20 Reynolds R W, Rayner N A, Smith T M, et al. An improved in situ and 
satellite SST analysis for climate. J Climate, 2002, 15(13): 
1609―1625 

21 Gray W M. Global guide of the origin of tropical disturbances and 
storms. Mon Wea Rev, 1968, 96(10): 669―700 

22 Furevik T, Bentsen M, Drange H, et al. Description and validation of 
the Bergen Climate Model: ARPEGE coupled with MICOM. Climate 
Dynamics, 2003, 21(1): 27―51 

23 Nitta T. Convective activities in tropical western Pacific and their 
impact on the Northern Hemisphere summer circulation. J Meteor Soc 
Japan, 1987, 65(3): 373―390 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


