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Abstract: The oscillation characteristics of 1948 — 2003 South China Sea (SCS) summer monsoon intensity
(SCSSMI) is analyzed by wavel et transform and the rel ationship between SCSSMI filtered by Lanczosfilter
at different time scale and oceanic thermal conditions is studied. The results show that SCSSMI exhibits
dominant interannual (about 4 &), decadal (about 9 &) and interdecadal (about 38 &) oscillation periods. The
interannual variation is the strongest and the interdecadal variation the weakest. The region of significant
correlation between SCS summer monsoon intensity and oceanic thermodynamic variables at different time
scaleis greatly different. Significant correlation area of interannual variation of SCSSMI is concentrated in
near equatorial region. Corresponding correlation displays quasi-biannual variability. If positive anomalies
of SST and the depth of thermocline happen in eastern equatorial Indian Ocean and western equatorial
Pacific, and negative anomalies of SST and the depth of thermocline happen in western equatorial Indian
Ocean and eastern equatorial Pacific in previous autumn and winter, the interannual variation of SCSSMI
will enhance. If the condition is contrary, interannual variation of SCSSMI will weaken. The interannual
variation of SCSSMI will influence SST. The region surrounding SCS and east of Australia shows
significantly negative correlation in autumn, and significantly positive correlation exhibits in west
equatorial Indian Ocean, eastern equatorial Pacific and equatorial Atlantic in winter. The decadal variation
of SCSSMI is modulated by PDO. Interdecadal variation of SCSSMI is relevant to the global warming and
PDO.
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1 INTRODUCTION identified to predict the SCSSMI, it will have important

practical implication for the forecast of the
~ The outbreak of the SCS summer monsOON  yedinitation in rainy seasons and severe drought and
signifies the arrival of the summer monsoon in East flood in China.

Asia and the onset of rainy season in China It has It is shown that SST plays an important role in the
significant effect on the circulation and weather in the variation of SCSSMIB™ 2. |t varies on the interannual

Northern Hemisphere as well as the monsoonal system 5 interdecadal scaled™ . 1t is noted, however, the
in Asia'l. The SCSSMI usually has close refationship  opove studies do not decompose SCSSMI to various

with severe drought and flood and precipitation in rainy scales while studying the effect of SST on the SCS
season in China? = . If precursory signals can be

Received date: 2006-07-12; revised date: 2007-04-10

Foundation item: Natural Science Foundation of China (40675054); Open Project of CMC laboratory
(cMATG2006L03); Key Research Planning Project of Natural Science in China (90211010); Natural Science
Foundation of China (40136010); “The Monitoring and Service Study for South China Sea Summer Monsoon” —
a specialized project for public welfare by the Ministry of Science and Technology; a project from the Guangdong
Meteorological Bureau

Biography: GU De-jun (1966-), male, native from Henan province, associate professor, M.S., mainly
undertaking the research into monsoon and air-sea interactions.

E-mail: djg@grmc.gov.cn

PDF created with pdfFactory trial version www.pdffactory.com



mailto:djg@grmc.gov.cn
http://www.pdffactory.com

86 Journal of Tropical Meteorology

Vol.13

summer monsoon and most of the areas of interest
concentrate on tropical Indian Ocean and Pacific
Ocean, and they do not address the effect of the
monsoon on thermal factors of the ocean. It is then
necessary to study the reationship between the
variation of SCSSMI and oceanic thermal field for a
broader domain and on more scales.

The index in [13] is used here to define the
SCSSMI. First, wavelet analysis is done of the series
of SCSSMI on the yearly basis from 1948 to 2003.
Then, primary periods are put through the Lanczos
filter!™ for the variation of SCSSMI on various time
scales. In the last part of our work, the relationship
between SCSSMI and oceanic thermal fields of global
SST, depth of the thermocline, thermal capacity at 125
m and 500 m, which is provided in SODA (simple
ocean data assimilation, available at
http://dods.atmos.umd.edw/SODA), is studied.

2 VARIATION CHARACTERISTICSOF
SCSSM

It is known from the wavelet coefficient (Fig.1a)
that the series is marked by significant interannual,
decadal and interdecadal variations. The interannual
variation was stronger from the late 1960°s to early
1970’s and over the time after the 1970’s than the rest
of the interest period. The decadal variation was
stronger before the 1960’s and over the time from the
early 1970’s to the end of 1980’s than the rest of the
interested period. On the interdecadal scale, the index

experiences shifts of becoming stronger in 1960 but
becoming weaker in 1981. For the time of occurrence,
the shift in 1981 was close to the abrupt climatic
change at the end of 1970°s*". Periodic changes of 8 —
10 a were mainly seen in the time from the 1950’s to
early 1960’s and from the 1970’s to 1980’s while
periods of quasi-2- to 3- a were predominant in the
time from the 1990°s to the present. It is known from
the variance of wavelets that the SCSSMI mainly
varies at periods of significant 4 a, 9 aand 38 a.

It is adso known from wavelet variance that
periodic oscillations of 5 a and 19 a are corresponding
to the bandgaps of SCSSMI change. Taking them as
the periods of truncation, the Lanczos filter naturally
decomposes the time series of SCSSMI into changes on
the interannual (less than 5 a), decadal (between 5 a
and 19 a) and interdecadal (more than 19 a) scales
(figure omitted). The standard deviation of the
SCSSMI  variation is 0.91 nV/s and that of the
interannual, decadal and interdecadal changes are 0.68,
045 and 0.22 m/s, respectively. The interannual
variation is the strongest while the interdecadal
variation is the weakest.

3 RELATIONSHIPBETWEEN THE CHANGE
OF SCSSM| AND OCEANIC THERMAL
FILED ON DIFFERENT TIME SCALES

3.1 Theinterannual scale
The area in which SCSSMI is significantly
correlated with SST on the interannual scale is mainly
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Fig.l wavelet coefficient (a), intensity anomalies (m/s, b) and wavelet variance (c) of the SCSSMI on the yearly basis.

PDF créated with pdfFactory trial version www.pdffactory.com


http://dods.atmos.umd.edu/SODA
http://www.pdffactory.com

No.1 GU Desjun (&%) and JI Zhong-ping (£ /57) et al. 87

1.0CT

N

1JUL

1 APR

>
2

O
™\

>
S

N

N

Z6

S

1 AN

0 0CT

==

o
c g" L3l
B
¢ 1
i O
e
S L=

0. JuL

LR

0_JAN 1 | e

-1.0CT ' AL R AU -
= —epa ”'waﬁ/ﬂ; va

-1.JUL Ik ﬁ 0.1 - A 0. Lo

1APR ! -9 /
7 |

-1_JAN -
- 60E 120E 180 120W 60W 0

Fig.2 The variation of the correlation coefficient
on the latitude (averaged over 5°S—5°N) in
terms of SCSSMI and SST on the
interannual scale and its lead and lag.

near the equator. It is seen from the coefficient for the
corrlation with the SST in the preceding November
(figure omitted) that the SCSSMI is in significant
negative correlation with the SST in the equatorial
western Indian Ocean but in significant positive
corrdation with the SST in waters near Sumatra. In
other words, the distribution is similar to that of
negative 10D (Indian Ocean dipole) in the Indian
Ocean. The SCSSMI is in significant negative
correation with the SST in the equatorial central and
eastern Pacific, similar to the La Ninatype. It is known
from the coefficient of the correlation with the SST in
February of the current year that the significant
negative correlation still exists between the equatorial
western Indian Ocean and equatorial central and
eastern Pacific Ocean, in addition to positive
correlation in the equatorial western Pacific, significant
negative correlation over the ocean east of Australia,
significant positive correlation east of the dateline and
significant negative correlation in the equatorial north
Atlantic.

It is shown in the distribution of correlation
between the interannual variation of SCS summer
monsoon and SST in the current August that significant
negative correlation appears extensively over the
adjacent areas of the SCS and significant positive
correlation occurs over the equatorial central Pacific
Ocean. With the intensification of the monsoon, the
total wind speed will increase, fluxes of sensible and
latent heat lost from sea surface will be greater and
SST will be lower. It indicates that the SCSSMI affects
the SST in the adjacent areas of the SCS via air-sea
thermal interactions.

Fig.2 gives the variation of correlation coefficient
with latitude (averaged over 5°S — 5°N) and time for
SCSSMI versus SST to depict the temporal and spatial
evolution of the correlation. It shows that the
correlation pattern of the Indian Ocean for the autumn
preceding to the outbreak of SCSSM is similar to the
negative dipole in the Indian Ocean; with the set-in of
winter, the positive anomalies west of Sumatra
disappears rapidly while the negative anomalies over
the equatorial western Indian Ocean does not disappear
until spring. In the preceding autumn, the area of
significant negative correlation has expanded to the
whole of equatorial eastern Pacific after crossing the
dateline earlier, showing the La Nifia-type distribution.
In the current spring, the SST in the equatorial Indian
Ocean and Pacific Ocean is poorly correlated with the
SCSSMI, possibly due to the spring barrier for
forecasting SST in the equatorial Indian Ocean and
Pacific. With the onset of SCS summer monsoon, the
equatorial central and eastern Pacific soon becomes an
area of significant positive correlation, the equatorial
western Pacific and eastern Indian Ocean become
negatively anomalous and eguatorial western Indian
Ocean also changes to positive anomalies at the end of
the current autumn.

3.2 Theinterdecadal scale

Fig.3 gives the coefficient of the correlation
between the interdecadal SCSSMI and SST, which
shows that negative correlation prevails in all but the
central part of North Pacific, in which there is
significant positive corrdation, indicating that the
interdecadal variation is linked with both global
warming and the abrupt change of PDO. Specifically
speaking, with SST 5 years ahead in phase, significant
negative correlation appears in the southern Indian
Ocean, the warm pool in North Pacific (including the
SCS) and tropical eastern Pacific while significant
positive correlation occurs in the central part of North
Pacific; with SST 3 to 1 year ahead in phase, there is
no substantial change in the area of correlation in the
Pacific Ocean while the negative correlation spreads to
cover almost the whole basin in the Indian Ocean and
significant negative correlation also appears in North
Atlantic.

For analyses of other aspects, refer to the Chinese
edition of the journal.

4 CONCLUSIONS

The following conclusions can be drawn from the
analysis above:

(1) As shown in wavelet analysis, the variation of
SCSSMI is marked by dominant interannual (about 4
years), decadal (about 9 years) and interdecadal (about
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38 years) oscillation periods.
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Fig.3 Correlation coefficient for the variation of
SCSSMI and SST on the interdecadal scale. The
SST is leading by 3 years. The SST is 5 years
ahead (@), 3 years ahead (b) and 1 year (c).

(2) On a quasi-2-year basis, the interannual
variation of SCSSMI is chiefly associated with the
change of tropical ocean near the equator. If there is
positive SST anomalies over the equatorial eastern
Indian Ocean and equatorial western Pacific in the
preceding autumn and winter and negative SST
anomalies in the equatorial western Indian Ocean and
equatorial central and eastern Pacific, summer
monsoon in the SCS will strengthen on the interannual
scale. It will weaken otherwise. The SCS summer
monsoon affects successive SST in the following ways.
In autumn, SST isin significant negative correlation for
waters adjacent to the SCS and off the eastern coast of
Australia; in winter, SST is in significant positive
correlation for waters in the tropical western Indian
Ocean, equatorial central and eastern Pacific and
equatorial Atlantic.

(3) The interdecadal variation of SCSSMI is
associated with both global warming and the abrupt
change of PDO.

REFERENCES:

[1] LI Chongyin, ZHANG Li-ping. Summer monsoon
activities in the South China Sea and its impacts [J]. 1999,
23(3): 257-266.

[2] LI Wei-jing. General atmospheric circulation anomaly in
1998 and their impact on climate anomaly in China [J]. 1999,
25(4): 20-25.

[3] XUE Ji-shan. On Exceptionally Heavy Rains in South
China in 1994 [M]. Beijing: Meteorological Press, 1999: 24-
25.

[4] WU Shang-sen, LIANG Jian-yin, LI Chun-hui. Relationship
between the intensity of South China Sea summer monsoon
and the precipitation in raining seasons in China[J]. Journa of
Tropical Meteorology, 2003, 19(suppl.): 25-36.

[5] LIANG Jianyin, WU Shang-sen. The multi-time scale
variations of summer monsoon over South China Sea and its
interaction with SST anomaly [J]. 2000, Quarterly Journa of
Applied Meteorology, 11(1): 95-104.

[6] ZHANG Xiu-zhi, LI Janglong, WANG Dong-xiao.
Research on relationship between subsurface sea temperature
in tropical area and SCS summer monsoon [J]. Acta
Meteorol ogica Sinica, 2002, 60(2): 156-163.

[71 ZHANG Xiu-zhi, LI Jiang-long, WANG Dong-xiao. The
relationship between the thermocline depth of tropical ocean
and the intensity of the South China Sea summer monsoon [J].
2001, 23(3): 26-34.

[8] Loschnigg J, G A Meehl, P J Webster, et al. The Asian
monsoon, the tropospheric biennial oscillation and the Indian
ocean dipole in the NCAR CSM [J]. Journal of Climate, 2003,
16(11): 1617-1642.

[9] XU Jian-jun, WANG Dong-xiao. Diagnosis of interannual
and interdecadal variation in SST over Indian-Pecific Ocean
and numerical simulation of their effect on Asian summer
monsoon [J]. Acta Oceanol ogica Sinica, 2000, 22(3): 34-43.
[10] YAN Xiao-yong, ZHANG Ming. A Study of the Indian
Ocean dipole influence on climate variations over East Asian
monsoon region [J]. Climatic and Environmental Research,
2004, 9(3): 435-444.

[11] LI Chongyin, MU Ming-quan. The dipole in the
equatorial Indian Ocean and itsimpacts on climate [J]. Chinese
Journal of Atmospheric Sciences, 2001, 25(4): 433-443.

[12] LI Feng, HE Jin-hai. Study on interdecadal relation
features of north Pacific SSTA with East Asian summer
monsoon as well as its mechanism [J]. Journal of Nanjing
Institute of Meteorology, 2001, 24(2): 199-206.

[13] WU Shang-sen, LIANG Jian-yin. An index of South China
Sea summer monsoon intensity and its variation characters [J].
Journal of Tropical Meteorology, 2001, 17(4): 337-344.

[14] DAI Nian-jun, XIE An, ZHANG Yong. Interannual and
interdecadal variations of summer monsoon activities over
South China Sea [J]. Climatic and Environmental Research,
2000, 5(4), 363-374.

[15] Duchon,C E. Lanczos filtering in one and two
dimensiong[J]. Journal of Applied Meteorology, 1979,
18:1016-1022.

[16] Carton, JA, Chepurin G, Cao X, et a. A simple ocean data
assimilation analysis of the global upper ocean 1950-95[J].
Part I: Methodology. J Phys Oceanogr, 2000, 30: 294-309.

[17] Mantua N J, S R Hare, Y Zhang, et a. A Pacific
interdecadal climate oscillation with impacts on salmon
production[J]. Bull Amer Meteor Soc, 1997, 78: 1069-1079.

PDF créated with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

