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Abstract Interdecadal variations of extratropical cyclone activities and storm tracks in different seasons for the years of
1958-2001 in the Northern Hemisphere, as well as the possible reasons, are analyzed by applying the Lagrange and Euler
methods to the sea-level pressure and height fields from the European Center for Medium-Range Weather Forecasts
reanalysis data ERA40. With the Lagrange method based on detecting and tracking extratropical cyclones, two main
cyclone activity centers are got, i.e., the North Pacific and the North Atlantic/North America. At the same time, with the

Euler method based on the synoptic scale variance for 500 hPa geopotential height, two storm tracks are obtained, which
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are in accordance with two main cyclone activity centers. The result shows that extratropical cyclones in the region of the
North Atlantic/North America in the 44 years moved northward and intensified, especially in spring. Also, there was a
feature with a poleward shift and increasing strength for the storm track. High correlation was observed between the
movements of extratropical cyclones and the storm track. The North Atlantic/North America is a typical region, where
cyclone activities reflected the northward movement of the storm track and the poleward expansion of temperate zone.
However, it is interesting to find that the situation in the North Pacific is just the opposite, i.e., extratropical cyclones and
the storm track migrated to the lower latitudes with enhanced intensity, especially in spring. For this conclusion, two
methods are also statistically correlated. The storm track over the whole Northern Hemisphere had a poleward shift by
some studies, but obvious differences were found in specific areas. Besides, the space distributions and time series of the
first empirical orthogonal function (EOF) mode of the maximum Eady growth rate and cyclone activity frequency are
similar. There may be a close relationship between the opposite trends of storm tracks in the North Pacific and the North
Atlantic and the same phase variations of atmospheric baroclinity. This also can, on the other hand, support the analysis

of interdecadal variations about extratropical cyclones and storm paths in this paper.
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Fig.1 The mean of synoptic scale variance for 500-hPa geopotential height in (a) spring, (b) summer, (c) autumn, and (d) winter (units: dagpmz) in the

Northern Hemisphere for the years of 1958-2001. Dots represent values above 18 dagpm?® (spring), 8 dagpm® (summer), and 20 dagpm? (autumn, winter)
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Fig.3 (a) The space distribution (characteristic vector is multiplied by one standard deviation) and (b) standardized time series (the dotted line is the linear

trend) of the first empirical orthogonal function (EOF) mode of annual cyclone activity frequency in the North Pacific for the years of 1958-2001
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Table 1 Trend coefficients of time series of latitude indexes of the storm track and cyclone activity in Fig.5 and their

correlation coefficients

# 2 K %

Rl S B Rl S Rl S B Rl S B

[EEZE 3 —0.0337" —0.0301" —0.0128 —0.0060 —0.0039 —0.0134 —0.0107 —0.0181
AU R 0.62" 0.43" 0.36" 0.48"

e *o ** Rl 2K 0.05. 0.01 1) ¢ BERCR ).

F2 B o hRFEMINSHERERLAEFIIESE RMRZENRXRE

Table 2 Trend coefficients of time series of intensity indexes of the storm track and cyclones in Fig.6 and their correlation

coefficients

A =

K %

A E “UiE e “UiE e AUiE e AUiE

R 0.0147 0.0159 0.0287" 0.0321" 0.0212 0.0305™ 0.0091 0.0156
A R E 0.38" 041" 0.38" 0.50™
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Fig.7 (a) The space distribution (characteristic vector is multiplied by one standard deviation) and (b) standardized time series (the dotted line is the linear

trend) of the first EOF mode of annual cyclone activity frequency in the North Atlantic/North America for the years of 1958-2001
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Fig.8 The time series of annual cyclone processes in the North Atlantic for the years of 1958-2001. Solid line: north of 60°N; dotted line: south of 60°N;

straight line: the linear trend
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Fig.9 Same as Fig.5, but in the region of (40°N-70°N, 90°W-0°)
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Table 3 Trend coefficients of time series of latitude indexes of the storm track and cyclone activity in Fig.9 and their

correlation coefficients

& 2

K A

e AUl e

AUl

e AU e AUl

AR 0.0332"

M RBL 0.48" 0.71"

0.0238" 0.0158 0.0054

0.0020 0.0058 —0.0002 0.0241"

0.56" 0.20

F4 B 10 hRFHANSFEGRERLF EFTIRES RER ZEWBXRY

Table 4 Trend coefficients of time series of intensity indexes of the storm track and cyclones in Fig.10 and their correlation

coefficients
& 2 K %
JAEEE e JA R i JA i JAEEE e
PEECES 0.0175 0.0096 —0.0149 —0.0076 0.0124 0.0044 0.0126 0.0122
AR FREL 0.35" 0.12 0.21 0.34
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Fig.10 Same as Fig.6, but in the region of (50°N-80°N, 90°W-0°)
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Fig.11 (a) Annual cyclone activity frequency (annual cyclone number in 2.5° longitudes X 2.5° latitudes area, dots represent values above 8) and (b) opjat

400 hPa (units: d™', dots represent values above 0.4) in the Northern Hemisphere for years of 1958 to 2001
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