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Abstract Using daily analysis data of the NCEP/NCAR (National Centers for Environmental Prediction/National Center
for Atmospheric Research), monthly SST (sea surface temperature), and climate indices of atmosphere and ocean time series

from the NCPC (National Climate Prediction Center) from 1960 to 2014, characteristics of concurrent variations of the

northern Atlantic storm track (AST) and Pacific storm track (PST) at various time scales in boreal winter are analyzed based

on calculations of the storm track indices and EOF (empirical orthogonal function) analysis. The simultaneous coupled

patterns of the concurrent variations of the storm tracks and their relation to the atmosphere—ocean system are also studied on

interannual and interdecadal scales using regression and correlation analysis methods. The results are summarized as follows.

(1) In terms of the defined latitude, longitude, and intensity indices of the storm tracks, there exist significant interannual and
interdecadal variations in the above three indices, and the variance contribution of the interannual component is much larger
than that of the interdecadal component. As for each single storm track in its original or interannual and interdecadal series,

there is a significant positive correlation between its latitude and longitude indices, which indicates that the variation of
meridional and zonal position displacements is synchronous. Although none of the concurrent correlations between the AST
and PST indices has past the significance test in the original series, there are significant concurrent variations between the

storm tracks in the interannual and interdecadal series, e.g., on the interannual scale, the two storm tracks show a significant
positive correlation only in their intensity indices. However, on the interdecadal scale, there is a significant negative

correlation between the longitude (latitude) index of AST and the intensity (latitude and intensity) index of PST. (2) The EOF

result shows that the spatial structure of the concurrent variations between the two storm tracks in boreal winter mainly

reflects the intensity variation on the interannual scale. The first mode describes the two storm tracks weakening (intensifying)
synchronously at their respective climatological positions with a slight northward (southward) shift of the whole AST and
eastern PST. The second mode describes their synchronous weakening (intensifying) at their respective climatological

positions with a slight southward (northward) shift of the whole AST. While on the interdecadal scale, the first mode reveals
an out of phase variation between AST and PST, i.e., a northward (southward) shift of the whole AST as well as intensifying
(weakening) in its middle—eastern part correspond to a southward (northward) shift of the whole PST as well as weakening
(intensifying) in its middle—eastern part. The second mode reveals a synchronous enhanced (reduced) variation in intensity
between AST and PST at their climatological positions. (3) Further analysis shows that the different concurrent variations of
the storm tracks are closely related to different simultaneous coupled patterns in SST, teleconnection and atmospheric

circulation fields, etc. within the atmosphere—ocean system.

Keywords Storm track, Concurrent variation, Interannual variation, Interdecadal variation, Atmosphere—ocean system
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Fig. 2 Spatial patterns of northern (a, d) AST and (b, ) PST and (c, f) corresponding normalized coefficients for the first EOF mode (left column) and the

second EOF mode (right column) of the interannual component of the 500-hPa filtered geopotential height variance during winter. Shaded areas indicate spatial
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Table 2 Correlation coefficients between the interannual
component of indices over different areas of AST and time
coefficients (PC1, PC2) of the EOF modes at interannual scale
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Table 3 Correlation coefficients between the interannual
component of indices over different areas of PST and the
time coefficients of the EOF modes at interannual scale
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Fig. 3 As in Fig. 2, but for the interdecadal components of wintertime storm tracks
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Table 4 Correlation coefficients between the interdecadal

component of indices over different areas of AST and time
coefficients of the EOF modes at interdecadal scale
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Table 5 Correlation coefficients between the interdecadal
component of indices over different areas of PST and time
coefficients of the EOF modes at interdecadal scale
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Fig. 4 Asin Fig. 2, but for the original filtered geopotential height variances of wintertime storm tracks
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Fig. 5 Regressions of PC1 (left column) and PC2 (right column) of EOF modes of the 500-hPa filtered geopotential height variance at interannual scale on (a,
h) 500-hPa filtered geopotential height variance anomalies (units: dagpm?), (b, i) 500-hPa geopotential height anomalies (units: gpm), (c, j) sea level pressure
anomalies (units: hPa), (d, k) 200-hPa zonal wind anomalies (units: m s '), (e, 1) 850-hPa temperature anomalies (units: °C), (f, m) 1000-hPa temperature

anomalies (units: °C), and (g, n) sea surface temperature anomalies (units: °C). Dotted areas represent the values significant above the 95% confidence level
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Table 6 Correlation coefficients between atmospheric/oceanic indices and time coefficients (PCs) of EOF

MR FRE
Wwp WA EA PNA AL NAO PDO NINO3 HC EAJY EAJl NAJY NAIl
PC1 (4Efr) 0.53%* 0.17 0.45%%* 0.08 —0.23 0.03 —-0.15 —0.29% -0.24 -0.07 0.29* -0.21 —0.24
PC2 (4Efr) —0.09 —-0.02 0.29%* 0.15 —0.08 0.32% 0.04 0.19 0.09 0.04 0.02 0.15 -0.19
PC1 (AEARPR) 0.28%* —0.27* —-0.01 0.3*  —0.36** 0.29* 0.38%* 0.18 -0.16 -0.17 0.33* 0.33* -0.19
PC2 (AEARFR) —0.27* —0.44%* —0.06 —-0.07 0.01 0.28%* 0.01 0.03 023  0.09 -0.09 0.33*  —0.03
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Fig. 6 Asin Fig. 5, but for anomalous distributions at the interdecadal scale
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