N

N

Comparison of East Asian winter monsoon indices
Gao Hui

» To cite this version:

Gao Hui. Comparison of East Asian winter monsoon indices. Advances in Geosciences, 2007, 10,
pp-31-37. hal-00296976

HAL Id: hal-00296976
https://hal.science/hal-00296976
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00296976
https://hal.archives-ouvertes.fr

Adv. Geosci., 10, 31-37, 2007 4 "* .

www.adv-geosci.net/10/31/2007/ € Advances in
© Author(s) 2007. This work is licensed Geosciences
under a Creative Commons License. -

Comparison of East Asian winter monsoon indices

Gao Hui
Laboratory of Climate Study, Beijing Climate Center, China

Received: 30 July 2006 — Revised: 15 December 2006 — Accepted: 16 January 2007 — Published: 26 April 2007

Abstract. Four East Asian winter monsoon (EAWM) indices Asian monsoon, many studies have defined and discussed
are compared in this paper. In the research periods, all the invarious indices to describe its intensity owing to its impor-
dices show similar interannual and decadal-interdecadal varitance in the Asian-Australian monsoon system. But most of
ations, with predominant periods centering in 3—4 years, 6.83hese indices focused on the East Asian summer monsoon
years and 9-15 years, respectively. Besides, all the indiceEEASM) only (Gao and Liang, 2005). Comparison of the
show remarkable weakening trends since the 1980s. The cosummer monsoon indices shows that it is hard to provide a
relation coefficient of each two indices is positive with a sig- unique EASM index (Gao and Zhang, 2003; Wu and Liang,
nificance level of 99%. 2003; Jiang and Zai, 2005).

Both the correlation analyses and the composites indi- As explored by previous studies (Lau and Li, 1984; Chen
cate that in stronger EAWM years, the Siberian high andet al., 1991; Jhun and Lee, 2004), the main members of
the higher-level subtropical westerly jet are stronger, and theEast Asian winter monsoon (hereafter, EAWM) circulation
Aleutian low and the East Asia trough are deeper. This cir-are characterized by the Siberian high and the Aleutian low
culation pattern is favorable for much stronger northwesterlyin the sea level pressure (SLP) field, the deep trough in the
wind and lower air temperature in the subtropical regions ofmiddle-higher level over the East Asian region, the predomi-
East Asia, while itis on the opposite in weaker EAWM years. nant northwesterlies over northeastern Asia in the lower tro-
Besides, EAWM can also exert a remarkable leading effeciposphere, and the strong westerly jet stream centers at south-
on the summer monsoon. After stronger (weaker) EAWM, ern Japan at higher level.
less (more) summer precipitation is seen over the regions As the most important circulation system in the boreal
from the Yangtze River valley of China to southern Japan,winter in East Asia, EAWM directly influences the climate
while more (less) from South China Sea to the tropical west-of this region. In recent years, to define an EAWM index has
ern Pacific. been one of the subjects of monsoon studies. Those indices
are generally based on the intensity of one or several mem-
bers of the winter monsoon circulations, such as the land-
sea pressure differences (Shi, 1996), the regional averaged
meridional wind in the lower troposphere (Ji and Sun, 1997;

Monsoon circulation is an important component of the global €hen et al., 2001), zonal wind in higher troposphere (Jhun
circulation system. In the monsoon regions, the local weathefnd Lee, 2004), or the East Asia trough (Sun and Sun, 1995).
and climate are strongly influenced by the anomalous mon_Detall_ed defln!tlons of these indices will be mtrod.ucgd in the
soon circulation. Therefore, it is necessary to define a monfollowing section. Undoubtedly, each of those indices can
soon intensity index in a certain monsoon region in order to@Nly Well represent the anomalous pattern of the EAWM cir-
examine the multi-scale variations of the monsoon circula-culation partly. As we know, EAWM is a deeper circulation
tion, to explore its relationship with other systems, to seek itsSyStem in the whole troposphere. Do those indices have sim-
internal and external forcings, and to estimate the simulatiorl/2" Variations in the research period? Do they have close

skills of monsoon variabilities by numerical models. For East"€lationships? Is the definition of an EAWM index more or
less difficult than the EASM index? The goal of this paper is

Correspondence toGao Hui try to answer these questions through comparisons of several
(gaohui@cma.gov.cn) typical indices.

1 Introduction
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32 Gao Hui: Comparison of East Asian winter monsoon indices

Table 1. Variable, definition regions and the meanings of each East Asian winter monsoon index used in this paper.

Index  Variable Regions Meanings of the Modification in
original index this paper
Ish SLP (110 E, 20-5C° N) and Larger (smaller) value, No
(1607 E, 20°-50C° N) Stronger (weaker) EAWM

I3tuN  Usoonpa (27.5-37.8 N, 110°-17C E) and
(50°-60C° N, 80°—14C E)

IsuN Hsoonpa (30°—45°N, 125°-145 E) Larger (smaller) value, x (—1)
Weaker (stronger) EAWM

IcHEN V1i0m (25°-4C° N, 120°-140 E) and
(10°-25° N, 110°-130C E)

50° N
2 Dataand methods Hat—%vN(SLHkat’lw e—SLP% 160)]* as the index (here-
The dataset used in this study include the monthly mearafter, Isy;). Where, the “*” denotes the normalization. 2)

reanalysis project of the National Center for Environmen-In terms of regionally averaged meridional wind at lower

tal Prediction/National Center for Atmospheric Researchlevel. Considering the distinctness between subtropical and
(NCEP/NCAR) (Kalnay et al., 1996; Kistler et al., 2001) tropical winter monsoons, Chen et al. (2001) regarded the
during 1958-2003 and the Climate Prediction Center (CPCXifference of 10-meter meridional wind between the region
merged analysis of precipitation (CMAP) (Xie and Arkin, (25°-4C°N, 12(°-14C°E) and the region (18-25° N, 110°—

1996) during 1979-2003. 137 E) as the indexicHen)- 3) Interms of upper-level zonal
The correlation method used in this paper is Pearson corwind. Based on the upper westerly jet over East Asia, Jhun
relation. and Lee (2004) employed the difference of 300hPa zonal

For a stationaryX (r) with mean X the autocovariance wind between the region (27537.% N, 110—170 E) and
functionry x (u) and the autocorrelation functigry x (u) are the region (50-6C N, 80°—140Q E) as the indexi(jqun). 4)

functions of lagu; that is, In terms of East Asian Trough. Sun and Sun (1997) used the
_ _ regional mean of 500hPa geopotential height (GPH) over the

rax () = E{[X (1) = XI[X(t +u) — X1} (1) region (0-45 N, 125-145 E) as the indexun).

and From the original definitions of these indices one can see

that larger (smaller) value means stronger (weaker) EAWM

pxx () =rxxw)/rxx(0). (2) for Isy and Iyyun, but weaker (stronger) EAWM fofsyn
. . and IcHen. So in the following analyses, the signs of both

The power spectrum'y x (w) of processX (1)is the Fourier g, andIcnen are reversed by multiplying<1) for consis-

transform of the autocovariance function; that is, tency.
00 . Table 1 describes the variables, definition regions and the
IFxx(w) = —/ rxx)e " du. (38)  meanings of each EAWM index used in this paper.
—00

The power spectrum curve shows how the variance of the o
process is distributed with frequency. The variance of a pro# Variations of EAWM
cess contributed by frequencies in the range t w+dw is

given by the area under the power spectrum curve between From the 3” dnual(;:ulr\_/es C:jf eacdllndex and its interanrial (
andw+dw. A peak in the power spectrum is an indication of year?) danh eﬁa .ao}lnter ﬁca .B(ylears) pomponﬁptslon?
an important frequency band. A detailed description can peb@n find that the indices show similar Va”a“‘”.‘s( '9. ). In
- the research periods, there are 12 (13) years in which all the
found in Joseph (1973). o . . .
four indices are positive (negative), which means that each
index can depict the anomalous pattern of the EAWM cir-
3 EAWM indices culations. And significant weakening trends can be clearly
seen in the indices since the 1980s. Power spectrum analyses
Based on these circulation systems, several EAWM indicegFig. 2) of each index show the most predominant interannual
have been suggested. 1) In terms of land-sea thermal differperiod centers in 3—4 years (Chen et al., 1991), the secondary

ences or pressure differences. For example, Shi (1996) useaeriod nears 6.5 years, and the main decadal-interdecadal
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Fig. 1. Time series of the four EAWM indices( Isy;; b: IcHEN; C:
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Fig. 2. Power spectra of the four EAWM indices: (Isy;; b: IcHEN; C: I3HUN; d: Isyn)- The abscissa means the period (unit: year).

www.adv-geosci.net/10/31/2007/

Adv. Geosci., 10, 31-37, 2007



34 Gao Hui: Comparison of East Asian winter monsoon indices

Table 2. Correlation coefficients of the EAWM indices. The values outside, on the left side and on the right side of each pair of the
parentheses are the coefficients of the original indices, their decadal-interdecadal and interannual components, respectively. Each of the
coefficients has passed the 99% significance level.

IsHi  ICHEN I3HUN Isun
Isyi  1.00 0.71(0.42,0.82) 0.75(0.60,0.83) 0.68(0.46, 0.79)
ICHEN 1.00 0.63(0.68, 0.60)  0.68(0.71, 0.69)
I3HUN 1.00 0.79(0.83, 0.74)
IsuN 1.00

period locates in 9-15 years, which is consistent with the(EAT) regions, which means the EAT will be deeper (shal-
results of Jhun and Lee (2004). But the quasi-biennial oscilHower) in stronger (weaker) EAWM years (Fig. 4).
lation (QBO) explored in earlier studies (Guo, 1987; Xu et In the correlation maps with surface air temperature, neg-
al., 1999) can hardly be found in the spectrum results. ative values can be seen over the subtropical regions of East
Table 2 shows the correlation coefficients of each pair ofAsia (Fig.5), especially from eastern China to Japan, i.e.,
the four EAWM indices. The values outside, on the left side over (20-45°N), with coefficients over the 95% significance
and on the right side of each pair of the parentheses are thievel. But in the tropical regions of East Asia, the negative
coefficients of the original indices, their decadal-interdecadaialues are rather less. So the influences of EAWM on surface
and interannual components, respectively. Obviously, all thegir temperature are mainly limited in the subtropical regions.
coefficients have passed the 99% significance level, whicrResults (not shown) of the composed 2-meter temperature
also means these indices undergo similar interannual anlly NCEP/NCAR and China observational data are consistent
decadal-interdecadal variations. The coefficients are greatewith Fig. 5.

than those of the EASM indices (Gao and Zhang, 2001, Ta- As explored by Webster et al. (1998), .the dry of the
ble 1). winter monsoon is tied to the wet of the summer monsoon

In the following section, first we select the stronger and vice versa...”besides the simultaneous relations, the

EAWM years when the standardized value of each index isEAWM has also great leading influences on the EASM cir-

greater than 0.5 and the weaker EAWM years when the stanculations, especially on the summer precipitation over East
dardized value is less thar0.5. The composite analysis Asia. This has been examined both by observations (Yan
is then used to obtain the anomalous general characteristic al-, 2003) and numerical experiments (Yang et al., 2005).
for stronger and weaker EAWMs. The six stronger EAWM In this analysis, both the correlation and the composites indi-
years are 1961/62, 1967/68, 1976/77, 1980/81, 1983/84ate thatafter stronger (weaker) EAWM, less (more) summer

and 1985/86; the six weaker years are 1958/59, 1968/69precipitation will be seen over the regions from the Yangtze
1972/73, 1978/79, 1989/90 and 1997/98. River valley of China to southern Japan, but more (less) pre-
cipitation from South China Sea to the tropical western Pa-

cific (figures not shown).

5 Comparison of the relationships between each index
and EAWM circulations 6 Cconclusions

Figures 3-5 show the correlation coefficients between eachMonsoon circulation is an important component of the global
EAWM index and the SLP (Fig. 3), 500 hPa GPH (Fig. 4) circulation systems. Based on the monthly NCEP/NCAR re-
and the surface air temperature (Fig. 5). From Fig. 3 one camnalysis project and CMAP data, four typical EAWM indices
see there is a positive center over the Siberian high and a negrased on the main members of EAWM circulation systems
ative center over the Aleutian low and both the coefficientsare compared in this paper. Results show that all the in-
have passed the 95% significance level. There is also a sigdices show similar interannual and decadal-interdecadal vari-
nificant negative center over the Intertropical Convergenceations. Most indices have significant weakening trends since
Zone (ITCZ) in Fig. 3b and Fig. 3d, but not so remarkable the 1980s. The correlation coefficient of each pair of the in-
in the other two figures. This correlation pattern indicatesdices is positive with a significance level of 99%. In the re-
that the Siberian high will be stronger (weaker) in strongersearch periods, there are 12 (13) years in which all the four
(weaker) EAWM years, and the Aleutian low and the ITCZ indices are positive (negative). Power spectrum results of
will be deeper (shallower). each index show the most predominant interannual period

In the correlation maps with 500 hPa GPH, the coefficientsin 3—4 years, the secondary near 6.5 years, and the main
are also significantly negative over the East Asian Troughdecadal-interdecadal period in 9-15 years.
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Fig. 3. Correlation coefficients of each index with SL& (sn; b: IcHEN; C: I3HuN; d: Isun)- Shaded regions mean the 95% significance
level.
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Fig. 4. The same as Fig. 3, but with 500 hPa GPH.
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Fig. 5. The same as Fig. 3, but with surface air temperature.

Results also indicate that when EAWM is stronger, both cipitation belt will be located over the Yangtze River valley
the Siberian high and the higher-level subtropical westerly jetionger.
are stronger, and the Aleutian low and the East Asia trough
are deeper than normal. This pattern is favorable for strongeAcknowledgementsThe author would like to thank Sun Fengpeng
northwesterly wind and lower air temperature in the subtrop-a@nd two anonymous reviewers for their helpful comments and
ical regions of East Asia, while it is on the opposite in weaker Suggestions.  This work was supported by the Climate Change
EAWM years. After stronger (weaker) EAWM, less (more) Special Foundation of China Meteorological Administration under

L . . Grant No. CCSF2007-6.

summer precipitation will be seen over the regions from the
Yangtze River valley _of China to southe_rn Japan and MOIE: it by: S. C. Michaelides and E. Amitai
(less) from South China Sea to the tropical western Pacificgayiewed by: anonymous referees
Therefore, the EAWM has a remarkable leading influence on
the following summer monsoon.
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