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Climatologically, monsoon regions are the most
convectively active areas on Earth and account
for the majority of global atmospheric heat and
moisture transport. The most active systems in-
clude the Indian, Asian, and Australian monsoons
(Fig. 1). Within the tropical Indian and western
Paci¢c Oceans, the mass £ux associated with these
three monsoon systems (80 Gkg s31) is over twice
the mass £ux associated with Paci¢c Ocean
Walker Circulation (33 Gkg s31) and over 70%
of the total Indo-Paci¢c mass £ux (Webster,
1998). Both modern and paleo studies have dem-
onstrated that monsoon systems are highly vari-
able over annual to orbital time scales (Charles et
al., 1997; Clark et al., 2000; Clemens et al., 1996;
Meehl, 1997; Saji et al., 1999; Wang et al., 2001;
Webster, 1998; Webster et al., 1999). Enhanced
understanding of the factors governing variability
in the £ux of heat and moisture within these sys-
tems is critical to our ability to predict the re-
sponse of these systems within the context of fu-
ture climate change scenarios.

From a paleoclimate perspective, these three
monsoon systems have largely been studied inde-
pendently both in terms of their geographic vari-
ability and their time scales of variability. In con-
trast, the trend in modern monsoon studies has
been toward an understanding of the ‘global’

monsoon by studying the dynamic links between
these regional subsystems over a wide variety of
time scales (Trenberth et al., 2000; Wang et al.,
2001; Webster, 1998). This e¡ort has been fueled
by the rapid increase in global-scale meteorolog-
ical/oceanographic data sets and has advanced
our understanding of how the modern Indo-Pacif-
ic monsoon systems are dynamically linked to one
another and to other phenomena (e.g. El Nin‹o/
Southern Oscillation ^ ENSO, Tropical Biennial
Oscillation ^ TBO). Similarly, progress in under-
standing paleomonsoon variability can be made
through integrating regional results across a
wide variety of time scales. For example, recent
modeling e¡orts suggest a link between interan-
nual climate variability associated with ENSO
and Milankovitch-scale variability associated
with orbital precession (Clement et al., 1999).
These model results suggest that orbital forcing
alters the temporal evolution of ENSO events,
which in turn changes the mean tropical climate
state. This provides a framework for evaluating
orbital-scale paleomonsoon variance in the con-
text of ocean^atmosphere dynamics operating on
the seasonal and interannual scales.

Paleoclimatic and paleoceanographic records of
monsoon variability are measured through indi-
rect (proxy) indicators. These proxy indicators
may be biotic, geochemical, isotopic, or physical
in nature, but their variability is related, in part,
to changes in the environment associated with the
monsoon circulation. However, individual proxy
records also contain variability not uniquely asso-
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ciated with the monsoon. Examples of such sour-
ces of variability are preservation processes, non-
monsoonal environmental changes, and global-
scale changes in sea level and climate on glacial^
interglacial scales. Hence all proxies must be care-
fully evaluated to determine how much of their
variability is uniquely associated with monsoon
dynamics. In this volume more than a dozen
proxies are used to evaluate aspects of monsoon
variability. In many cases, several proxies are in-
ternally consistent in terms of the timing and am-
plitude of change but certainly not in all cases; it
is the variance held in common among these
many proxies that most likely re£ects monsoon
circulation.

The long-term goal is to understand the extent
to which the Indian, Asian, and Australian mon-
soon systems are coupled or independent relative

to one another and relative to other tropical cli-
mate phenomena across Milankovitch and sub-
Milankovitch time scales. This requires develop-
ment of an array of summer- and winter-monsoon
proxy records from each region coupled with clear
identi¢cation of the uniquely monsoon-related
variance within each proxy. This is crucial to a
reliable understanding of monsoon variance with-
in the context of regional forcing mechanisms and
to understanding potential couplings among the
three monsoon systems at various time scales.
This volume initiates the process, bringing togeth-
er modeling e¡orts as well as an array of proxies
from the three monsoon regions, including re-
cords derived from marine sediments, lake sedi-
ments, corals, and ice cores. We hope this will
encourage further development of reliable region-
al proxies, in-depth comparison of the mecha-

Fig. 1. Climatology of the January and July monsoon circulation. Sea level pressure and surface winds (A,B). Longer arrows in-
dicate stronger winds; the strongest winds (panel B; July, Arabian Sea) are approximately 15 m/s. Precipitation (C,D) is indi-
cated by contours (6 mm/day) and hatching (s 9 mm/day). The South China Sea has a strong summer-monsoon precipitation re-
sponse as well as a strong winter-monsoon wind response. Monthly data for 1990^1997 from NOAA NCEP-NCAR CDAS-1
(Kalnay et al., 1996). + symbol in panel C indicates the approximate geographic locations of paleomonsoon data sets presented
in this volume (two additional records o¡ Christmas and Palmyra Islands, central equatorial Paci¢c are not shown). Redrawn
from Wang et al., 2000.
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nisms driving variability within each system
across Milankovitch and sub-Milankovitch time
scales, and further interaction among the com-
munities that generate these diverse proxy data
sets and modeling studies.

We are grateful to the Scienti¢c Committee on
Oceanic Research (SCOR), the International Ma-
rine Global Change Study project (IMAGES),
and the Ocean Drilling Program United States
Science Support Program (ODP USSSP) for co-
sponsoring the symposium that initiated this spe-
cial issue of Marine Geology. The symposium
(Asian Monsoons and Global Linkages on Milan-
kovitch and Sub-Milankovitch Time Scales) was
held in Beijing, China on May 9^11, 2001 as a
product of the SCOR^IMAGES Evolution of
Asian Monsoons (SEAMONS) working group
#113.
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