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Abstract Based on the conception of “Annular Belts of Action (ABAs)”, characteristics of the seasonal variation
and main submonthly timescales of Northern and Southern hemispheres annular modes (SAM and NAM) are studied
in this paper using NCEP/NCAR reanalysis daily data. The results show that NAM is strong in winter and weak in
summer while SAM’s intensity has semi-annual cycle. Furthermore, power spectrum analysis is applied year by year
to detect the main submonthly timescals of anular modes, the result shows that NAM has quasi-week period and
quasi-two-week period variability, which are inclined to accompany each other, the quasi-three-week period is the
following time scale; and SAM exhibits similarity of the main submonthly timescales to NAM, that is, the quasi-
two-week period and the quasi-week period are the main periods and the quasi-three-week period is the second peri-
od. Both the spatial characteristics of NAM and SAM with different submonthly timescales and their temporal
evolvement are worth further researching.
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Fig. 1 The annual variations of corresponding two latitudes with the biggest negative values of cross correlation coefficients of the daily zon-

al mean sea level pressures (SLPs) in the (a) Northern and (b) Southern hemispheres from 1948 to 2005. The solid line is 31-day Gaussian

smooth series
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Fig. 2 The annual variations of the biggest negative cross correlation coefficients of the daily zonal mean SLPs in the (a) Northern and (b)
Southern hemispheres; the standard deviations of (¢) the Northern Hemisphere Annual Mode Index (NAMI) and (d) the Southern Hemi-
sphere Annual Mode Index (SAMD; (e) the mean intensity of positive phase (solid line) and negative phase (dashed line) of NAMI; (f)
same as (e), but for SAMI. The solid lines in (a)-(d) are 31-day Gaussian smooth series

s ATTRETE A G 3l 32 2 ] R BRI B 40 1 D R o B s 38 %t I 4R
5.1 NAMI #0 SAMI ThZ i 43 47 NAM {E BRI S ARG BRI . SAM R J5 245 i 5 B2 4

ZEF] NAM BA7 W f 78 BRI AR TG BRI . B Blikts 7 OhaE . eNIAE A i 3 s
SAM WUEV ARG IR RHAE . A SO DAERE . At i 95 70 BAR /KT 1 S 2 s e nf B 1) A e i1 an 1] 4



P

220 Chinese Journal of Atmospheric Sciences

33 %
Vol. 33

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.35 1 | | | | | | | 1 1 1

Activity index

Activity index

0.00 -

Time/d

1 1 1 T 1 1
1 32 60 91 121 152 182 213 244 274 305 335 365

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0354—~—+—r 1 1 1 1 1 1 |
1 ‘ (b)

Activity index

Activity index

0.20

°~1°: 11 Tl

— T T T T T T T T T 1
1 32 60 91 121 152 182 213 244 274 305 335 365
Time/d

3 NAM (a, b) #il SAM (¢, &) FGBRIGEAELAL : (ay o IEAAH; (b, D TAfiAH
Fig. 3 The annual variations of activity indexes in (a, ¢) the positive phase and (b, d) the negative phase of (a, b) NAM and (¢, d) SAM
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F2 1948~2005 £ NAMI & 95% BIE /K FH B ZiLEX WAL (BA: d)
Table 2 The distribution of periods (d) corresponding to marked spectrum peaks (95% confidence level) of NAMI from1948 to
2005

24 (A~12 ) BRI (11~3 D ARIE I (5~9 D

20~30d 10~20 d 5~10d 20~30d 10~20d 5~10d 20~30d 10~20d 5~10d
1948 4 15.5 8.5 10.5 7.5 17 8
1949 4F 12.5 7.5 12.5 8.5 18 7.5
1950 4 15.5 8.5 14.5 8.5 15 7
1951 4¢ 23 11.5 6.5 12.5 7.5 25 10. 5
1952 4¢ 20 14 9.5 9.5 8
1953 4F 11 7.5 12.5 11 7.5
1954 4 13 9 9 25 9.5
1955 4 13.5 6.5 24 12.5 5.5 12.5 6
1956 4F 11.5 7.5 10.5
1957 4 15.5 5 12.5 7.5 12.5 5.5
1958 4F 13 6.5 6.5 15 9
1959 4F 28 12.5 7.5 24 10.5 15 7.5
1960 4% 23 9.5 9.5 8.5
1961 4F 13 9.5 12.5 7.5
1962 4% 23 12.5 6 8.5 18 9.5
1963 4 10 14.5 8 10.5 7
1964 4F 14 8 25 8 6
1965 4F 28 11.5 7 14.5 15 7.5
1966 4F 15.5 6 12.5 15 7.5
1967 4F 15.5 8.5 12.5 6 19 9
1968 4% 20 11 6.5 25 8 15 7.5
1969 4F 9 12.5 9
1970 4% 14.5 5 12.5 7.5 15
1971 4% 15.5 8 10. 5 5.5 15 8.5
1972 & 18 6.5 10.5 6.5 8.5
1973 4F 28 15.5 9.5 18 7 25 9.5
1974 & 18 7 25 9.5 10.5 7
1975 4 23 10 7 10.5 6 10. 5
1976 4F 12.5 12.5 7.5 19 6.5
1977 4% 15.5 7 9.5 10.5
1978 4F 28 11 5.5 10.5 6 12.5 7.5
1979 4% 15.5 8.5 19 8.5 10.5 5.9
1980 4% 23 11 6 25 10. 5 6
1981 4F 18 25 7.5 14.5 8
1982 4F 11 7 18 9.5 12.5 8
1983 4F 28 17 8 8 18.5 9
1984 4 11.5 7.5 12.5 18 9
1985 4F 20 11.5 8 7.5 25 7.5
1986 4 7 12.5 6.5 10. 5 6.5
1987 4F 11.5 6.5 12.5 8.5 12.5 6.5
1988 4% 15.5 9.5 15 6 18.5 9.5
1989 4% 14 7.5 5 15
1990 4F 20 9 19 7
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Table 2 (Continued)
24 (~12 /D TR (11~3 J1) R (5~9 D)
20~30d  10~20d 5~10d 20~30 d 10~20 d 5~10d 20~30 d 10~20d  5~10d

1991 4F 19 7 18 8.5 18 9.5
1992 4F 20 8.5 19 9 25 8.5
1993 4F 12.5 5.5 12.5 19 8.5
1994 4F 13.5 7.5 15 9.5 9.5
1995 4F 15.5 9.5 9 19 6
1996 4% 15.5 9 10.5 6 18 8
1997 4F 18 6.5 12.5 9.5
1998 4F 15.5 7.5 10.5 15 7.5
1999 4 20 10 6 19 8 9.5
2000 4F 28 15.5 8 25 9 25 7.5
2001 4F 24 9 15 8 8
2002 4F 13 9 15 6.5 25 8
2003 4F 17 8 15 19 5
2004 4F 14 7 11 7.5 9.5
2005 4F 11.5 7 10.5 7 12.5

SRR /d 22. 40 13. 84 7.55 24,75 13.51 7.68 25. 00 14. 60 7.82

B2 R AR S 18 52 55 8 41 44 7 40 51

A 31.03% 89. 66 % 94. 83% 13.79% 70.69%  75.86% 12.07% 68.97%  87.93%

AR/ B

F 3 1948~2005 £ (58 4F) SAMIiEE 5% EFKEFH B EIZIET N ER S (£46L: d)
Table 3 The distribution of periods (d) corresponding to marked spectrum peaks (95% confidence level) of SAMI from1948 to
2005

AAE (1~12 A AR (1~6 ) TRpAE (7~12 A)
20~30 d 10~20 d 5~10d 20~30 d 10~20 d 5~10d 20~30 d 10~20 d 5~10 d

1948 4F 28 17 8.5 21 8.5 17 6.5
1949 4F 15.5 8.5 8.5 17 6
1950 4F 19 9.5 21 12 14 9.5
1951 4F 6 28 17 7.5 28 12 5.5
1952 4¢ 20 10.5 6.5 12 5.5 10.5 6.5
1953 4F 10.5 6 10.5 5.5 28 10.5 6
1954 4F 13 9.5 9 14 7
1955 4F 14.5 7.5 17 7.5 14 5.5
1956 4F 23 11.5 7.5 10.5 21 12 6.5
1957 4F 19 9 17 .5 17 9.5
1958 4F 12.5 6.5 14 6 21 7
1959 4F 23 12.5 8 21 12.5 8.5 17 8.5
1960 4F 20 12.5 7.5 21 10.5 14 5
1961 4F 14 6 14 7.5 14 6
1962 4F. 28 12.5 8.5 28 12 6 21 12 8.5
1963 4F 23 11.5 17 21 10.5

1964 4F 20 9 14 9.5 21 8.5
1965 4F 11.5 5.5 10.5 12 5.5




24 ZRBRIEAT B USRI P9 39 S i ) RO

No. 2 Li Xiaofeng et al. Main Submonthly Timescals of Northern and Southern Hemispheres Annual Modes . .. 223
®3 (&)
Table 3 (Continued)
LA (1~12 1) kR A~6 ) TR (T~12 D
20~30d  10~20d 5~10d 20~30d  10~20d 5~10d 20~30d  10~20d  5~10d
1966 4F 20 11.5 7.5 12 7.5 21 10.5 5.5
1967 4F 11 6 10.5 6 8.5
1968 4F 23 12.5 7.5 21 12 5.5 28 14 7
1969 4% 14 7.5 10.5 7 14 8.5
1970 4F 14 7 12.5 7 21 7
1971 4% 23 13 8 14 8.5 21 12 7.5
1972 4F 20 8 9.5 21 10. 5 5
1973 4F 28 15.5 9 14.5 8.5 28 8.5
1974 4F 23 10 5.5 21 10.5 5.5 21 10.5
1975 4F 7.5 9.5 7.5
1976 4F 12 7.5 21 10.5 7.5 12 8.5
1977 4F 15.5 7.5 14 7 17 7.5
1978 4% 20 12.5 8.5 6.5 12 8.5
1979 4F 8.5 8.5 21 7.5
1980 4% 9 14 9.5 9
1981 4F 9 28 8.5 17 9.5
1982 4F 18 9.5 17 9.5 9.5
1983 4F 28 11.5 28 10. 5 10. 5
1984 4F: 17 9 10.5 6.5 8.5
1985 4F 15.5 6.5 17 6.5 14 8.5
1986 4 18 6 14 7.5 17
1987 4F 20 7.5 17 7 21 8.5
1988 4F 20 11.5 6.5 12 6.5 21 12 5.5
1989 4F 20 11.5 7 12 7 21 12
1990 4f 11.5 6.5 28 12 6.5 21 9.5
1991 4F 11.5 7.5 10.5 17 7
1992 4F: 15.5 7 14 7 17 8.5
1993 4F 14.5 7.5 14 14 7.5
1994 4F 28 14 7.5 28 10.5 7 8.5
1995 4F 15.5 9.5 21 9.5 14 9.5
1996 4 17 8 17 6 14 5.5
1997 4F 10 5.5 17 5.5 10.5
1998 4F 13 6.5 14 6.5 10.5 5
1999 4F 18 8.5 6 21 7.5
2000 4F 12.5 8 28 12 5.5 17 5.5
2001 4 11 7. 14.5 5.5 10.5 7
2002 4 15.5 8.5 17 7 14 8.5
2003 4% 23 14 9 14 6 21 10.5
2004 4F 28 14 9 28 9.5 28 14 6
2005 4F 15.5 6 17 8.5 10.5
SRR/ d 23. 14 13.70 7.63 24. 50 13.38 7.35 22. 59 13.32 7.38
2 T B AR 22 50 56 16 47 50 22 44 50
B 37.29%  86.21%  96.55% 27.57% 81.03%  86.21% 37.93%  75.86%  86.21%

SR AR
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Fig. 4 The distribution of periods corresponding to marked spectrum peaks of submonthly activity for the period 1948 —2005;: (a) NAMI in

the whole year; (b) NAMI in the active period; (¢) NAMI in the non-active period; (d) SAMI in the whole year, (e) SAMI in the first half

year; (f) SAMI in the second half year
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Fig. 5

The composite standardized power spectra (R* ) of NAMI in an entire year and the total number of years (N) for the significant

spectrum period from 1948 to 2005: (a) All of years; (b) the years not including quasi-three-week period; (c¢) the years including quasi-

week period; (d) the years including quasi-week period but not including quasi-three-week period; (e) the years including quasi-two-week

period; (f) the years including quasi-two-week period and not including quasi-three-week period; (g) the years including both quasi-week pe-

riod and quasi-two-week period; (h) the years including both quasi-week period and quasi-two-week period but not including quasi-three-

week period; (i) the years including quasi-three-week period; (j) the years including both quasi-week period and quasi-three-week period;

(k) the years including both quasi-two-week period and quasi-three-week period
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Fig. 6 Same as Fig. 5, except for MAMI in the active period (from Nov to Mar)
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Fig. 7 Same as Fig. 5. except for NAMI in the non-active period (from May to Sep)
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Fig. 8 Same as Fig. 5, except for NAMI in the entire year (365 days)
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Fig. 9 Same as Fig. 5, except for SAMI in the first half year (from Jan to Jun)
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