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ABSTRACT

A new monsoon index, the dynamical normalized seascnality {DN3), is introduced to study the
issue of monsoons. This DNS index can describe both seasonal variation and interannual variability of

different monsoon regions.

It can also be used to delimit the geographical distribution of the global

monsoon systems. Furthermore, it is pointed out that the index is very useful for understanding deeply
the monsoons to study the difference, relationship, and interactions among the classical monsoon, ordinary

monsoon and monsoon-like system.
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Since thce monsoon is a key component of the
earth’s climate system affecting the livelihood of more
than 60% of the world population, it is extremely sig-
nificant to investigate and forecast the monsoon. To
objectively delineate the extent of the monsoon and
describe its variability, the first task is simply to define
the monsoen and then to propose a rational monsoon
index. As is known, the word “monsoon” is an an-
cient term and derives from the Arabic word “mausim”®
meaning season. Although the definition of the mon-
soon is debatable, all agree that the monsoon is a sea-
sonal shift of wind direction from winter to summer
and from summer to winter (Pedelaborde, 1963; Ram-
age, 1971; Khromov, 1978; Krishnamurti, 1996). Zeng
et al. (1994} and Zeng and Zhang (1398) presented
a new concept of normalized seasonality and then the
{general) monsoon was defined as the significant sea-
sonality of the atmospheric circulation, especially for
the wind field. Furthermore, Li and Zeng (2000) dis-
cussed the gignificanee of the normalized seasonality
of the wind field and its rationality for characteriz-
ing the monsoon. A disadvantage of this index given
by them, however, is that it is a static index; that
is, it may only outline the domains of the monsoons
and can represent neither the seasonal varistion of the
mounsoons nor their interannual variability. Some mon-
soon indices, e.g. the All Indian Rainfall Index {AIRI)
(Shukla and Paolino, 1983), Webster and Yang Index
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{(WYI) (Webster and Yang, 1992), Monscon Hadley
Circnlation Index (MHI} (Goswami et al., 1999), con-
vection index (CI) (Wang and Fan, 1999}, and others
(He et al., 2001; Zhu et al., 2000), are used to char-
acterize monsoon variability, but a unified monsoon
index suitable for all known monsoon regions has not
yet been found. Recently the authors have proposed a
unified dynamical index of the monsoon, the dynami-
cal normalized seasonality (DNS) (Li and Zeng, 2002}.

The basic idea of the DNJ index is based on the in-
tensity of the normalized seasonality of the wind field.
The monsoons possess very strong seasonal variation;
it is therefore rational that strong and weak monsoons
may be measured by use of the magnitude of season-
ality of the wind feld. Such a DNS index is given by
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where ¥ and ¥ are the January climatological wind
vector and the mean of January and July eclimato-
logical wind vectors, respectively, and Vo, is the
monthly wind vector for year n and month m. The
norm [ A]| is defined as || Al = ([ [, IA|2d5)1/2 where
S denotes the domain of integration. (In calculations
at a point

(i) 1 Augll = Qs[4 5] + 4147 )
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where 2, is the latitude at the poiut (i, ). As =
aAgAM/4, ais the mean radius of the earth, and Ag
and AM in radians are resolutions in the meridional
and zonal directions, respectively). It is evident that
the DNS index is an extension of the static nermal-
ized seasonality (SNS) index first presented by Zeng
el al. (1994) (sce also Zeng and Zhang, 1998). In the
DINS index, the value 2 is subtracted in the right hand
side of formula (1) because the eritical value of signifi-
eance of the quantity ¥, — V,..{|/]/V ]} is 2 (L4 and
Zeng, 2000; 2002). In this manner, in the Northern
{Southern) Hemisphere, § < 0 represents the winter
(sutnmer) monscon, and & > 0 the summer (winter)
monsoon. Taking the climatology value Vo, in place
of Vo in (1), then one has
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where m {(m = 1-++ . 12) denotes the calendar month.
It can show the seasonal variation of the monsoon.
Further, when ¥V, in (2) equals the July climatologi-
cal wind vector V7, the DNS becomes the SNS index
as follows

s Vi Vol (3)
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By this we can outline the geographical distribution
of the global monsoon systems. The above analysis
suggests that the DNS index can be used to delimit
the monsoon, and sowme works have also indicated that
it could represent the annual ¢yvele aund interannual
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variability of different monsoons as well (Li and Zeng,
2000; 2002).

Figure 1 shows the extent of the global mon-
soon systems from the SNS index, based on the
NCEP/NCAR. reanalysis data (1958-1099) (Kalnay et
al., 1998). Clearly, all the classical monsoons such as
the Asian-Australian monsoon (Webster et al,, 1998;
Lau et al., 2000) and West African monsoon (Ramage,
1971; Khromov, 1978) are indicated in Fig. 1, and the
American monsoon system is also shown. Moreover, it
is obvious that the global monsoon systems can be di-
vided into three catogories: the tropical monsoon. sub-
tropical monsoon, and the monsoon in the temperate
zone and frigid zone (Fig. 1). The tropical monsoons
consist of a broadly connected region extending from
western Africa to Indonesia and the Sclomon Islands
with southward protrusions to Madagascar and north-
ern Australia, and of other isolated monsoou arcas
such as the Soutl American monsoon (Zhou and Lau,
1998). Another broadly connected region includes
the South Asian monsoon {Ramage, 1971), Indonesian
monsvon {Ramage, 1971), South China Sea monsoon
{Lau et al., 2000). Australian monsoon (Webster et al.,
1998), western North Pacific monsoon (Murakami and
Matsumoto, 1994; Wu and Wang, 2000}, West African
monsoon {Webster e al., 1998), Somalia~western In-
dian Ocean monscon {Krishnamurti, 1994), and so on.
The subtropical wonsoons are encountered over East
Asia (Zhu et al., 1986; Tao and Chen, 1987), North
America (Douglas et al.,, 1983), northern Africa and
part of the Mediterranean (Pedelaborde, 1963), cen-
tral Asia along the northern edge of the Iranian and
Tibetan Plateau. sonthern Australia {Khromov, 1978},
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Fig. 1. Geographical cxtent of the globat surface monsoons. The red, green, and blue areas
indicate the tropical, subtropical, and temperate-frigid monsoons, respectively.
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Fig. 2. Anomaly series of the DNS indices of the summer {JJA mean) mon-
soons of {a) the South Asian (5°-22.5°N, 35°-97.5°E), {b) the East Asian (10°-
40°N, 110°-140°E), (c) the South China Sea {0° 25N, 100°-125°E), and (d)
the West African (5°~17.5°N, 20°W-40°E). All series are calculated by use of
the data of the wind field at 850 hPa, except for the South China Sea summer

monsoon at 925 hPa.

South Africa (Khromov, 1978), and some long zones
along 30° in the oceans in the Northern and South-
er. Hemispheres. The monsoons in the temperate-
frigid zones appear in the Far East (Khromov, 1978),
northern Alaska, and the Arctic. Figure 2 shows the
interannual variability of the DNS indices of four tra-
ditional summer monsoons, which include the South
Asian summer monsoon, East Asian summer monsoon,
South Ching Sea summer monsoon, and West African
summer mMONSoon.

According to the delineation of the global mon-
soon systems, three concepts should be clarified: clas-
sical monsoon, ordinary monsoon, and monsoon-like,
For the classical monsoon, both the wind field and its
weather are monsoonal, i.e. remarkably seasonal. The
tropical monsoons, Bast Asian monsoon, and North
American monsoon belong to this category. For the

ordinary monsoon, its weather is not monsoonal even
though its wind field is so, i.e., it does not bring any
remarkable change in rainfall, The subtropical mon-
soons over the oceans affected by the normal annual
march of the subtropical high ridges (Ramage, 1971)

. and some monsoeons in temperate-frigid zones may just
be ordinary monsoons. For those that are monsoon-
like, the weather is monsoonal, whereas the winds are
not so. The above classifications are very useful for un-
derstanding deeply the monsoons, and it is essential to
study the differences and relationship among the three
kinds of monsoon and their interactions. This awaits
further work.
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