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Abstract The article emphatically reviews the
research progress in interconnections between the
East Asian and Indian Ocean summer monsoons,
between the Asian monsoon and the El Nifio-South-
ern Oscillation (ENSO) activity, and between the
monsoon, ENSO and the changing of the North At-
lantic climate during the Holocene. According to the
studies of recent years, it is found that the intensity
variations of the East Asian and Indian Ocean sum-
mer monsoons show an opposite relationship, which
may be closely related to the phenomena of ENSO in
the equatorial Pacific Ocean and the variation of the
deep-water formation of the North Atlantic Ocean on
the interannual to orbital time scales. The 4k and 8k
events occurring at around 4200 and 8200 a BP, re-
spectively, might be the two in a series of severe pa-
leo-El Nifio events during the Holocene, strongly re-
flecting the interactions and influences of the mon-
soons, ENSO and the North Atlantic climate. In order
to better understand the relationships between these
paleoclimatic phenomena, scientists need to
strengthen the research work on the Asian monsoon
division and the comparison between monsoon proxy
records, and the study on the proxy record of sea
surface temperature with high time-resolution in the
equatorial Pacific Ocean and the simulation research
of paleoclimate condition.

Keywords: Asian monsoon, monsoon division, paleo-El Nifo, 4k
event, 8k event, thermohaline circulation, peat.

The International Geosphere Biosphere Program
(IGBP), which promotes better understanding of the
living environment, was initiated in the early 1990s.
IGBP and other programs have uncovered much evi-
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dence that the Earth system is complex and nonlinear,
exhibiting chaotic behavior, feedback mechanisms, bi-
furcation points, etc., and so its future evolution is not
always deterministic". To gain more accurate under-
standing of environmental evolution, we must consider
the Earth as a whole system. For the second study plan
of IGBP started in 2003, the integration of multi-disci-
plines was therefore emphasized. One of the effective
ways for integrating understanding is to strengthen re-
gional research and link important scientific phenom-
ena firstly, and then to seek out their causal intercon-
nections, thereby gradually coming to understand
global change!"’.

The Earth system includes several key regional ac-
tion processes, which operate as threshold values, bot-
tlenecks, or switch functions. The Asian monsoon and
the phenomenon of the El Nifio-Southern Oscillation
(ENSO) in the Equatorial Pacific Ocean as well as the
variation of the deep-water formation of the North At-
lantic Ocean are examples of these key regional proc-
esses: if perturbed, they may trigger a global environ-
mental change'®. Investigation of their interconnections
is therefore very important for understanding the opera-
tion of the Earth system. This paper attempts to explore
the research progress achieved in understanding inter-
connections between these key processes during the
Holocene, and possibly also at present, in order to
promote further study of this important field.

1 Inverse phase relationship between East Asian
and Indian Ocean summer monsoons

The Asian summer monsoon system consists of the
East Asian summer monsoon (EAM) and the Indian
Ocean summer monsoon (ISM), which together influ-
ences the life and production activities of 60% residents
of the globe. It is therefore very important to improve
the ability to predict monsoon changes. Because of
complicated monsoon phenomenon and limited obser-
vations, a method of “separate study” has been used for
monsoon investigation, that is, the researches of Indian
and western scholars have been mainly focused on the
Indian monsoon region, while scholars in the other
Asian countries have mostly concentrated on the East
Asian monsoon. Rarely have the relations between the
Indian and the East Asian monsoons, or the connections
between the Asian, Australian, and African monsoons
been investigated. It is now apparent that such method
is unsuitable for the demands of current Earth system
science research. A new perspective on monsoon stud-
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ies is thus developing, which advocates a global under-
standing achieved through research on the dynamic
linkages between the monsoons in a wide variety of
regions and over different time scales"’.

Summer rainfall on the Chinese Mainland is influ-
enced by both of the EAM and the ISM. This reality
renders the study of the Chinese monsoon more com-
plex, while encouraging a focus on regional details.
About twenty years ago, Tao et al. ] asserted that the
East Asian and the Indian monsoon systems are inde-
pendent of each other. However, more recent studies
have identified that is actually an inverse phase rela-
tionship between these two Asian summer monsoons.

Using analyses of 500 hPa geopotential heights and
the corresponding Northern Hemisphere sea surface
temperature (SST) from 1951 to 1994, as well as out-
going longwave radiation (OLR) data for 1974 to 1993
from the National Center for Environmental Prediction-
National Center for Atmospheric Research (NCAR),
Sun et al™ studied the relationship between the inten-
sity anomalies of the Western Pacific subtropical high
(STH) and tropical circulation, especially that between
the Asian monsoonsin 1999. They found that a strong
STH in the Western Pacific is accompanied by a strong
Intertropical Convergence Zone (ITCZ) and associated
strong convection in the tropical Western Pacific. This
indicates that the EAM is strong in years of strong STH.
During these periods, there also was a positive differ-
ence of OLR from the Indian Ocean to the Indian sub-
continent, indicating weak convection in this area, and
corresponding weak intensity of the ISM. On the con-
trary, the intensity of the two monsoons is reversed in a
weak STH year, i.e. the EAM is weak while the ISM is
strong. Sun et al”! obtained the same results from
analysis of the low-level wind fields, i.e. the EAM is
strong (weak) when the STH is strong (weak), while
the ISM is weak (strong).

Zhang'® obtained a similar result using NCEP-
NCAR reanalysis data of monthly rainfall, monthly
rainfall data of 160 stations compiled by the China
Meteorological Administration from 1951 to 1998, and
monthly OLR during 1974—1998 from the National
Ocean and Atmospheric Administration (NOAA), USA.
He found that the two monsoons are opposite in phase,
as revealed by the relationship between the water vapor
transport from the ISM and EAM in Northern Hemi-
sphere summer, that is, more (less) ISM water vapor
transport is accompanied by less (more) EAM transport
and less (more) rainfall on the middle and lower parts
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of the Yangtze River. This study also showed that the
water-vapor transport of the monsoon is closely related
to the intensity of the STH: more (less) ISM water va-
por transport corresponded to a weaker (stronger) STH,
leading to less (more) northern water vapor transport in
the East Asian monsoon to the west of the STH!®!.

Recent research on the ancient Asian monsoons also
indicates such an asynchronous relationship. Both the
proxy climate record and the simulation research imply
that the ISM was stronger and the ISM region was un-
der continuous control of the strong summer monsoon
moisture during the Holocene Megathermal Period”*.
According to some proxy climate records for the same
time period, the EAM seemed to be also stronger. For
instance, based on the paleomagnetic study of the Baxie
loess section, An et al. noted that the climate of the
Baxie region was humid at 9.7—5.3 ka BP"), and the
northern boundary of the EAM region expanded into
the Chinese Mainland interior'”. However, it is worth
to reconsider whether the magnetic susceptibility
change of the Baxie loess mostly reflected the ISM in-
fluence, since Baxie is located west of 105°E longitude,
in the western half of the Chinese Mainland (Fig. 1).

In recent years, researches on the loess sections and
lake sediments west of Baxie have yielded some new
results. Zhou et al. found that the climate was dry and
the EAM was weak from 7.5 to 3.5 ka BP, as indicated
by the Midiwan loess profile!"). Guo ez al.!"* also re-
ported a relatively arid climate in the Tengger Desert
from 7 to 5.6 ka BP. The water level of Dali Nor Lake
of Inner Mongolia also began to drop from as early as
about 7 ka BP, and wind and sand then increased and
lasted to about 4.5 ka BP'*'¥. Based on investigation
of some indices of Yanhaizi in Inner Mongolia (e.g.
sediment granularity, mineral composition, element
content, total organic carbon content), Chen et al.!"
noted that the climate of this area during the Holocene
Megathermal Period (between 8.0 and 4.3 ka BP)
tended to be generally dry, but was punctuated abruptly
by three shorter humid periods.

The above-mentioned ancient monsoon research
sites are all located in the arid and semi-arid regions of
the Loess Plateau or Inner Mongolia. The inverse rela-
tionship between the intensity of the two monsoons in
the eastern parts of these regions, which are
far-removed from ISM influence, is also reported.
Based on the records and studies of peat cellulose
&"C at Jinchuan in Jilin Province, Hong et al!"*"'™
found that the intensity of the ISM variation was oppo-

No. 18 September 2006



70 80 90 100 110 120 130 140
T T T T

150(E)
150
(N)

40

30

20

0

1 1 1 1 L

90 100 110 120 130(E)
Fig. 1. Sketch map showing the monsoonal climate divisions of Chi-
na®! and the location of comparison research site in the text. A, The
southern borderline of influence region of winter monsoon; B, the north-
ern borderline of influence region of East Asian summer monsoon; C, the
western borderline of influence region of winter monsoon; D, the north-
ern borderline of influence region of Indian Ocean summer monsoon. |,
the westerlies region; II, the subtropical monsoon region;III, the tropi-
cal monsoon region; [V, the equatorial monsoon region; V, the Qing-
hai-Xizang Plateau monsoon region. 1, Hongyuan, Sichuan; 2, Baxie,
Gansu; 3, Midiwan, Shanxi; 4, Yanhaizi, Inner Mongolia; 5, Dali Nor,
Inner Mongolia; 6, Jinchuan, Jilin; 7, Hani, Jilin; 8, Dongger Cave,
Guizhou.

site in phase to that of the EAM during the past 6000
years. The similar relationship can also be seen in the
5"C record of Hani peat cellulose (Fig. 2)!'”. For ex-
ample, referring to Fig. 2(d) and (e), in the first half
segment of the Holocene (from about 11000— 6000 cal
a BP), the Hongyuan peat record indicates that the ISM
became gradually stronger on orbital time scales (Fig.
2(d)) while the Hani peat record indicates that the EAM
became gradually weaker (Fig. 2(e)). On the contrary,
in the second half of the Holocene, the EAM became
stronger, and the ISM weaker. In addition, according to
Fig. 2(d) and (e), there were a series of abrupt but op-
posite changes in monsoon intensity on centennial to
millennial time scales, when the EAM rapidly
strengthened while the ISM rapidly weakened. This
pattern is consistent with the abrupt strengthening of
the EAM that occurred in the Younger Dryas period
and during some time intervals in the Holocene, as in-
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dicated by other proxy climate records!'"'>*"),

In the southern Chinese Mainland, some high-reso-
lution proxy climate records during the Holocene also
have been obtained in recent years. Yuan et al.*" and
Wang et al.'*? determined the value of 6'*O of Dong-
ger Cave in Libo County, Guizhou Province, and re-
constructed the monsoon history since the last intergla-
cial. It is seen from fig. 2 that the phase of the time se-
ries of the stalagmite & '®O of Dongger Cave (Fig. 2(c))
is similar to that of the time series of the cellulose & °C
of Hongyuan peat, reflecting ISM activity during the
Holocene (Fig. 2(d)). What is shown in Fig. 2(c) also is
similar to that of the proxy record of sediment from the
Arabian Sea (Fig. 2(b)), but opposite to the phase of the
time series of cellulose & °C of Hani peat (Fig. 2(¢)),
reflecting EAM activity during the Holocene. However,
both Yuan et al. and Wang et al. avoid distinguishing
the separate influence of the ISM or the EAM on the
time series of the stalagmite & 80 of Dongger Cave,
instead, refer to this time series as a proxy for the tem-
poral variations of the “Asian monsoon” generally.

In 1962, according to the seasonal data of fields of
monsoon streamfunction, air pressure, humidity, and
precipitation, Gao at al.'! divided the Chinese
Mainland and its marine border areas into five different
monsoon climate regions (Fig. 1). Although Gao et
al™! cautioned that this monsoon division is based on
only 4 years’ observational data to “primarily determine
the location of the frontal surface”, it actually has be-
come a basic scheme for study of the eastern Asian an-
cient monsoon and has been simplified during actual
application. Above all, the simplified scheme ignores
the existence of the so-called tropical monsoon region
where there is mutual influence of the ISM and EAM
on the southern Chinese Mainland and its marine
boundaries. This may explain why the aforementioned
analyses of the Dongger Cave record are cautious in
distinguishing ISM from EAM variations. In addition,
it views 105°E longitude as a rigid boundary line,
thereby ignoring the existence of a transitional area. As
a result, the Chinese Mainland is divided into three
blocks: the northwestern area being perennially under
the influence of the Westerly winds, the ISM region to
the westward of 105°E longitude, and the EAM region
to the eastward of 105°E. Although this monsoon divi-
sion scheme is compact and lucid, it cannot correctly
reflect the scope of influence of the different monsoons,
and it adversely impacts research on the Asian ancient
monsoon. In the future, Chinese researcher should
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Fig. 2. Comparison of the inverse phase variations between the two Asian monsoons with the climate changes of the North Atlantic Ocean. (a) Holo-
cene record of drift ice for the MC52-VM29-191 core in the North Atlantic; (b) proxy record for the Indian Ocean summer monsoon from the content of
G bulloides in Hole 723A and bax core RC2730 from the Arabian Sea; (c) proxy record for the Asian monsoon from &'*0 time series of stalagmite of
Dongger Cave?'; (d) proxy record for the Indian Ocean summer monsoon from §'"°C time series of the C. mulieensis remains cellulose in the
Hongyuan peat bog in the eastern Tibetan Plateau!'”’; (e) proxy record for the East Asian summer monsoon from &§'"*C time series of the plant remains
cellulose in the Hani peat bog in the northeastern China''®!. 1 —8, ice-rafted debris events of the North Atlantic. 0 indicates ‘Little Ice Age’ event.

carefully revise the eastern Asian Mainland monsoon  division scheme should also assess whether the mon-

division of modern and geological historical periods  soon boundary at 105°E is appropriate, and should de-
according to new observational data. A new monsoon  fine the scope of the transitional region. Moreover, a
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future scheme also should determine whether the
northern boundary (Fig. 1, D) of the overlapping region
of the two monsoons activities should be moved north-
ward, and whether precipitation in the area of the
Westerly winds is influenced by the EAM or the ISM.

The inverse relationship of the ISM and EAM illus-
trates the complexity of the factors affecting precipita-
tion on the Chinese Mainland. At the scale of the
Mainland, consideration of only a single monsoon’s
effect is insufficient to predict future variations in rain-
fall. The different contributions of the EAM and ISM
should be synthetically considered. At the regional
scale, it is necessary to explain which monsoon plays
the dominant role, and to examine the relative influence
of each monsoon, which is determined by various driv-
ing factors on different time scales.

2 Linkages of the Asian monsoons with the ENSO
and North Atlantic climate

The factors and processes that may produce changes
in the Asian monsoons include fluctuations in the heat-
ing effect of the Tibetan Plateau, variations in snow
cover on the European-Asian continent and the extent
of the polar ice sheet, the thermal conditions of the
Equatorial Pacific and Indian Oceans, changes in STH
pressure and circulation and in the climatic state of the
North Pacific Ocean, and variations in solar radiation or
volcanic activity. At present, there are mainly two hy-
potheses that attempt to explain the driving mecha-
nisms of abrupt paleoclimatic change!**. One hypothe-
sis emphasizes the influence of the ocean’s thermoha-
line circulation (THC), and assumes that the THC may
slow down or even stop due to a catastrophic release of
freshwater to the North Atlantic Ocean, thereby changing
the global energy distribution and impacting other ele-
ments of the global climate. Thus, for this hypothesis,
the high latitudes of the North Atlantic Ocean are per-
ceived as key regions for triggering global climate
change. The other hypothesis mainly emphasizes the
influence of changes in the tropical ocean-atmosphere
system, thus assuming that tropical convection is the
main driver of the climate system. For this hypothesis,
the trigger of abrupt climate change resides in the region
of the ENSO, namely the Equatorial Pacific Ocean. Be-
cause the Asian monsoons exist in the low to middle
latitudes situated between these two key regions, inter-
connections of the monsoons with the ENSO or with
North Atlantic climate may be substantial.

Research progress along these lines of inquiry has
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been made in studies of the Indian monsoon. Based on
analysis of a statistical relationship between Indian
monsoon rainfall and the ENSO over the past 100 years,
Shukla ez al.** found that ISM rainfall tends to weaken
in an El Nifio year, but to strengthen in a La Nifia year.
Further study shows that this relationship may be
strong enough to allow incidences of ENSO to be fore-
cast?®, However, Kumar et al. 2" hoted that this rela-
tionship had been seemingly broken down in the 1990s.
In 1997, when a strong El Nifio event occurred, the
ISM rainfall was roughly its climatological mean value,
whereas in the strong El Nifio year of 1877, a severe
drought in India caused widespread famine. Kumar et
al?™ speculated that the change of the relationship
between the monsoon and ENSO might be associated
with Eurasian warming. However, the above-mentioned
“normal” relationship between the monsoon and ENSO
seems to have recently returned, with the Indian mon-
soon being weakened during the moderate El Nifio
event of 2001/2002%*,

Many researches on the relationship between the
EAM and ENSO have also been carried out. Using the
data of atmospheric reanalysis, SST and rainfall from
NCEP-NCAR, Wang et al* analyzed the different
responses of the Asian monsoon corresponding to phase
changes of the ENSO from development to decay. They
found that an elongated anticyclonic ridge extending
from the western Maritime Continent of the Indian
Ocean to the Indian subcontinent during the summer of
El Nifio development leads to a weakening ISM on the
interannual time scale. To the north of the ridge, how-
ever, abnormal Westerlies lead to the generation of fre-
quent tropical storms on the West Pacific Ocean adja-
cent to Asia. In this phase of the ENSO, the southwest-
erly monsoon on the Arabian Sea weakens, while the
monsoon on the Southern China Sea strengthens. Dur-
ing the summer of El Nifio decay, the southwesterly
monsoons on both the Arabian and South China Seas
weaken, while the rainfall associated with the East
Asian subtropical front tends to increase!*”’. Thus, when
the intensity of the ISM is continuously suppressed
during the period from development to decay of an El
Nifio event, precipitation in the East Asian sector may
be enhanced through frequent tropical storm activity in
the West Pacific, a strengthening monsoon in the South
China Sea, and in particular, through increasing rainfall
associated with the East Asian subtropical front.

This research result is supported by the evidence of
asynchronous changes in the EAM and ISM. Zhang!®
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distinguished when the ISM was weak, the water vapor
transport of EAM was strong in the years of 1953, 1964,
1966, 1976, 1977, 1983, 1988, 1995, 1996 and 1998
respectively!®; but Zhang did not explain why the
monsoon change in these years was a reversal of the
usual pattern. These years of strong EAM and weak
ISM were almost all El Nifio years (1953 and 1996 ex-
cepted), as determined from the record of the 12 El
Nifio events during the period of 1951 to 2000 noted by
Wang et al.””. In addition, during almost all of these
years (except for 1976), the El Nifio was in its decay
phase with a positive SST anomaly present in the Nifio
3 region. The anomalous occurrences of 1998 were
especially noteworthy. The 1997/1998 El Nifio was the
strongest in the past ten years. This event triggered
catastrophic flooding on the west coasts of Peru and
Ecuador, and drought in Indonesia, New Guinea and
Australia. Huge forest fires on Kalimantan brought
about a thick cloud of smoke over Southeast Asia and
crippled air travel in Singapore, Malaysia®. Wide-
spread catastrophic flooding also occurred on the Chi-
nese Mainland™”.

Asynchronous variation of the two Asian monsoons
on the interannual scale results from their different spa-
tial structures caused by the different land-ocean con-
figurations, as well as their different responses to the
ENSO driver >, Therefore, it can be assumed that
the Asian monsoon and the ENSO have some structur-
ally close linkage, which implies that a relationship
may also exist between the ancient monsoon and the
ENSO similar to what now exists on the interannual
scale!”!. During the early Holocene, while the intensity
of the EAM tended to gradually weaken and that of the
ISM to strengthen on orbital time scales!'”), a long-term
La Nifia-like pattern developed in the Equatorial Pacific
Ocean"). When the EAM of the late Holocene was
gradually strengthening and the ISM weakening!", the
Equatorial Pacific Ocean instead showed a long-term El
Nifio-like pattern®?. It is clear that the asynchronous
change of the EAM and ISM monsoons on the orbital
time scale and the ENSO-like pattern in the Equatorial
Pacific Ocean is analogous to that between these mon-
soons and the ENSO on the interannual time scale. The
9 abrupt strengthenings of EAM and 9 abrupt weaken-
ings of ISM in Fig. 2 therefore possibly indicate 9 El
Nifio-like patterns in the Tropical Pacific Ocean during
the last 12000 years. They correspond also to the 9
ice-rafted debris events in the North Atlantic, which
thus may show the close correlation of the ENSO-like
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pattern in the tropical Pacific Ocean, the asynchronous
change of the Asian monsoons, and the abrupt climatic
cooling of the North Atlantic during the Holocene!'”).
This hypothesis requires corroboration by more proxy
climate records, in particular the sensitive high-resolu-
tion SST records during the Holocene, as well as by
climate model simulation. The close relationship be-
tween the Asian monsoons and ENSO on the interan-
nual time scale thus leads to a possible investigation of
paleo-ENSO and paleo-monsoon interconnections.

3 8k and 4k events——two key points for inter-
connection research on global climate

Paleoclimatic records show evidence for the occur-
rence of an abrupt climatic-change event in the North-
ern Hemisphere at around 8200 a BP. While different
scientists refer to this event by a variety of names, Al-
ley et al.®* call it the 8k event, in accordance with its
date of occurrence. At that time, the & 80 record of the
ice core from the middle part of Greenland indicated
that the local temperature was reduced by about 7.4°C,
while the snow accumulation rate decreased and the
wind speed increased. Although no Southern Hemi-
sphere effects of the event have been recorded, the
Northern Hemisphere response included an intensely
cold Europe and moderately cold North America,
which was accompanied by mostly dry conditions in
northern and southern Europe and in the U.S. Great
Plains, as well as across the Sahara and in the western
Asian monsoon region™). However, this global climate
change apparently is not the only reason for the inter-
national scientific attention to the 8k event. The more
important reason is the triggering and influence mecha-
nism of this event.

Some geophysical research studies indicate that big
ice lakes were situated around the North American
Laurentide ice sheet during the last deglaciation period,
of which the Lake Agassiz was the largest one. With the
increasing temperature conditions of the early Holo-
cene, the Laurentide ice sheet was gradually shrinking,
and hydrokinetic action led finally to the collapse of the
Lake Agassiz ice bank. A great deal of fresh water
(around 10" m’) stored in the lake flowed suddenly
into the Northern Atlantic Ocean about 8400 years ago,
bringing about a climate abnormality in the subsequent
200 to 300 years™ . From this perspective, the 8k
event is a typical natural catastrophe caused by melting
ice.
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How does the large bulk of fresh water flowing into
the North Atlantic relate to the subsequent climate ab-
normality? In the past decade, a large body of research
has addressed the influence of freshwater additions on
the North Atlantic™. The ocean conveyor theory of
Broecker et al. asserts that when cross-equatorial ocean
water flows towards the North Atlantic Ocean and
reaches high latitudes, the increasing salinity of sea-
water results in its descending into the deep ocean and
forming the deep-layer water that flows back south,
thereby completing the important THC chain. Once a
great deal of freshwater enters the North Atlantic Ocean,
the seawater at high latitudes is thinned down abruptly.
The results of many simulation models then show that
the THC slows down or even stops, resulting in a large
decrease of northward heat transfer, the cooling of the
North Atlantic region, the weakening of rainfall from
the African and west Asian monsoons, and the south-
ward movement of the ITCZ near South America. The
slow THC promotes the warming of the South Atlantic
Ocean and the increased formation of southern Atlantic
deep water® ], These simulation results also are in
agreement with some climate proxy records™. The 8k
event is believed to be a large perturbation to the Earth
system prior to the time when human activities could
have any impact. This event thus provides a unique
opportunity to study complex interconnection mecha-
nisms in the Earth system, and especially to simulate
the system’s response to a strong natural perturbation.

It is noteworthy that Alley’s distribution map of the
global climate abnormality in relation to the 8k event
shows no information on the East Asian monsoon**.
Alley et al.®¥ quoted the results of statistical research
by Morrill er al.”*! that “no conclusive evidence for a
change is found in the Asian monsoon at ~8.2 cal ka,
as suggested by several previous studies, and more
high-resolution data may be needed to observe this
short-lived event”. In fact, new developments pertain-
ing to the response of the Asian monsoon to the 8k
event appeared two years after the publication of the
paper by Morrill et al. Information from stalagmite[m,
sea sediment*), and peat!'”! proxy records shows that
the ISM weakened in response to the 8k event, and the
EAM strengthened[19’43]. These proxy data again pro-
vide evidence for the asynchronous variations of the
EAM and ISM intensity on paleoclimatic time scales,
and imply the possible presence of a long-term El
Nifio-like pattern in the Equatorial Pacific Ocean'"”
(Fig. 2). These data thus suggest a new and important
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perspective for further study of the 8k event.

Another abrupt climate-change event occurred about
4200 years ago (herein called the 4k event), which also
has attracted the attention of paleoclimatic researchers.
Like the 8k event, a large-scale climate abnormality
occurred and the Asian monsoons also showed asyn-
chronous variations (Fig. 2). At that time, the monsoon
rainfall was decreasing, and the climate was dry in the
regions influenced by the ISM, such as the Tibetan Pla-
teau[7’17], the Indian region[42’44], western Asia[45], and
castern Africal*®*”. However, rainfall in the EAM re-
gion was increasing """, and there were floods in the
Yangtze River and Yellow River basins***); severe
drought occurred in the interior of North America®”;
there was cooling of the climate of the Northern Atlan-
tic Ocean®. In contrast to the 8k event, the 4k event
occurred in the early stages of recorded history, and its
influence on ancient civilizations thus can be identified.
Several researchers have pointed out that the severe and
continuous drought conditions in the Indian monsoon
area may be related to the collapse of the Akkadian
empire of western Asia, the decline of the early ancient
civilization of Greece and Egypt, and the Harappan
civilization in the Indus valley'*'"*. By contrast, the
flood of the eastern Asian monsoon region may have
significantly affected the decline of the Longshan and
Liangzhu Cultures during the same period!!**->*=4.

The foremost differences between the 4k and the 8k
events, however, may be their respective triggering
mechanisms. On the one hand, inverse changes occur to
the Asian monsoons in the 4k event"”. From the SST
record of the cold tongue of the eastern Equatorial Pa-
cific Ocean, there is an elevated peak value®" that may
indicate the existence of a long-term El Nifo-like pat-
tern. In the meantime, the North Atlantic Ocean was
cold, and an ice-rafted debris event similar to the 8k
event occurred”. These results imply that there may
be similar interconnections between the Asian monsoon,
ENSO, and the North Atlantic Ocean climate during the
4k and 8k events (Fig. 2). On the other hand, the hy-
pothesis of THC reorganization caused by interior dy-
namics of the ice sheet is obviously not applicable to
the 4k event, due to the retreat of the Northern Hemi-
sphere ice sheet. This clearly indicates that another kind
of triggering mechanism possibly exists in the Earth
system that also causes global climate changes similar
to those associated with the 8k event. Hong et al™
speculate that either the catastrophic input of fresh wa-
ter to the northern Atlantic or the increase of drift ice
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caused by reduced solar output would result in reduc-
tions in North Atlantic THC overturning or in its reor-
ganization, which would further exert differential in-
fluences on the climate at both high and low latitudes.
For instance, the weakening cross-equatorial ocean
circulation may transport less heat drawn from the
Southern Hemisphere to the North Atlantic, which not
only leads to cooling of northern latitudes, but also
contributes to the storage of heat in the south, leading
to formation of enhanced SST there. These conditions
would favor an increase of the temperature contrast
between the surface Pacific warm pool and the deep
ocean, which, in turn, would contribute to the occur-
rence of the El Nifio-like pattern in the tropical Pacific
and the inverse phase variations of the Asian mon-
soons!'?,

4 Conclusion

The investigation of monsoon phenomena has en-
tered a new stage, that of global research. According to
observations and related studies in recent years, the
EAM and ISM have an asynchronous relationship, i.e.
one monsoon’s intensity rises while the other declines.
This relationship is strongly dependent on the thermal
state of the Equatorial Pacific Ocean. On orbital and
millennial time scales, a suddenly strong EAM, a weak
ISM, and a long-term ENSO-like pattern in the Equato-
rial Pacific Ocean are coincident with the ice-rafted
debris events of the North Atlantic Ocean during the
Holocene, but the mechanism for these interconnec-
tions is unknown. Because these phenomena are cen-
tered on the 8k and the 4k events, it is possible to gain a
new understanding of the operation of the Earth system
through comparative investigation of these events.

Acknowledgements The authors sincerely thank three
anonymous referees for their thoughtful reviews and sugges-
tions. This work was supported by the National Natural Sci-
ence Foundation of China (Grant Nos. 40231007, 40573004).

References

1 Brasseur G P, Moore III B. The new and evolving IGBP. Global
Change News Letter, 2002, 50: 1—3

2 Sahagian D, Schellnhuber J. GAIM in 2002 and beyond: a bench-
mark in the continuing evolution of global change research. Global
Change News Letter, 2002, 50: 7—10

3 Clemens S, Wang P, Prell W. Monsoons and global linkages on
Milankovitch and sub-Milankovitch time scales. Marine Geology,
2003,201: 1—3

4 Tao S, Chen L. A review of recent resecarch on the East Asian

2176 Chinese Science Bulletin Vol. 51

summer monsoon in China. In: Chang C P, Krishnamurti T N, eds.
Monsoon Meteorology. Oxford: Oxford University Press, 1987.
60—92
5 Sun Shuqing, Yin Ming. Subtropical high anomalies over the
Western Pacific and its relations to the Asian monsoon and SST
anomaly. Advances in Atmospheric Sciences, 1999, 16: 559—568
6 Zhang Renhe. Relations of water vapor transport from Indian
monsoon with that over East Asia and the summer rainfall in China.
Advances in Atmospheric Sciences, 2001, 18: 1005—1017
7 Gasse F, Arnold M, Fontes J C, et al. A 13000-year climate record
from western Tibet. Nature, 1991, 353: 742—745
8 Sirocko F, Sarnthein M, Erlenkeuser H, et al. Century-scale events
in monsoonal climate over the past 24000 years. Nature, 1993, 364:
322—324
9 AnZ S, Porter S C, Zhou W J, et al. Episode of strengthened sum-
mer monsoon climate of Younger Dryas age on the Loess Plateau
of central China. Quaternary Research, 1993, 39: 45—54
10 Shi Y F, Kong Z Z, Wang S M, et al. The climate fluctuation and
important events of Holocene Megathermal in China. Sci China Ser
B-Chem, 1994, 37(4): 353 —365
11 Zhou W J, Donahue D J, Porter S C, et al. Variability of monsoon
climate in East Asia at the end of the last Glaciation. Quaternary
Research, 1996, 46: 219—229
12 Guo Z T, Petit-Maire N, KrOpelin S. Holocene nonorbital climatic
events in present-day arid areas of northern Africa and China. Glob
Planet Change, 2000, 26: 97—103
13 Geng K, Zhang Z. Geomorphologic features and evolution of the
Holocene lakes in Dali Nor Area, the Inner Mongolia. J Beijing
Normal University (Natural Science) (in Chinese), 1998, 4: 94—100
14 Wang HY, Liu HY, Cui H T, et al. Terminal Pleistocene/Holocene
paleoenvironmental changes revealed by mineral-magnetism
measurements of lake sediments for Dali Nor area, southeastern
Inner Mongolia Plateau, China. Paleogeogr Paleoclimatol Pa-
leoecol, 2001, 170: 115—132
15 ChenCTA,Lan HS, LoulY, et al. The dry Holocene Megather-
mal in Inner Mongolia. Paleogeogr Paleoclimatol Paleoecol, 2003,
193: 181—200
16 Hong Y T, Wang Z G, Jiang H B, et al. A 6000-year record of
changes in drought and precipitation in northeastern China based
on a §'°C time series from peat cellulose. Earth and Planetary Sci-
ence Letters, 2001, 185: 111—119
17 Hong Y T, Hong B, Lin Q H, et al. Correlation between Indian
Ocean summer monsoon and North Atlantic climate during the
Holocene. Earth and Planetary Science Letters, 2003, 211: 371—
380
18 Hong Yetang, Hong Bing, Lin Qinghua, et al. Subtropical high ac-
tivity of Western Pacific Ocean during the last 5000 years recorded
in isotope time series of peat bog. Quaternary Sciences (in Chinese),
2003, 23: 485—492
19 Hong Y T, Hong B, Lin Q H, et al. Inverse phase oscillations be-
tween the East Asian and Indian Ocean summer monsoons during
the last 12000 years and paleo-El Nifio. Earth and Planetary Sci-
ence Letters, 2005, 231: 337—346
20 Wang S M, Ji L, Yang X D, et al. The record of Younger Dryas

No. 18 September 2006



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

www.scichina.com

event from sediment in Zalairoer Lake, Inner Mongolia. Chin Sci
Bull, 1994, 39(4): 348 —351

Yuan Daoxian, Cheng Hai, Edwards R L, et al. Timing, duration,
and transitions of the last interglacial Asian monsoon. Science,
2004, 304: 575—578

Wang Yongjin, Cheng Hai, Edwards R L, et al. The Holocene Asian
monsoon: Links to solar changes and north Atlantic climate. Sci-
ence, 2005, 308: 854—857

Gao Youxi, Xu Shuying, Guo Qiyun, et al. Monsoon region and re-
gional climate in China. In: Gao Youxi, Xu Shuying, eds. Some
Problems of East Asian Monsoon (in Chinese). Beijing: Science
Press, 1962. 49—63

Broecker W S. Does the trigger for abrupt climate change reside in
the ocean or in the atmosphere ? Science, 2003, 300: 1519 —1522
Shukla J, Paolina D. The Southern Oscillation and long range fore-
casting of the summer monsoon rainfall over India. Mon Weather
Rev, 1983, 111: 1830— 1837

Webster P J, Magana V O, Palmer T N, et al. Monsoons: processes,
predictability, and the prospects for prediction. J Geophys Res,
1998, 103: 14451 —14510

Kumar K, Rajagopalan B, Cane M A. On the weakening relation-
ship between the Indian Monsoons and ENSO. Science, 1999, 284:
2156—2159

Cane M A. The evolution of El Nifio, past and future. Earth and
Planetary Science Letters, 2005, 230: 227 —240

Wang B, Clemens S C, Liu P. Contrasting the Indian and East
Asian monsoons: implications on geological timescales. Marine
Geology, 2003, 201: 5—21

The Ministry of Water Conservancy of PRC. Great floodwater in
1998 of China (in Chinese). Beijing: Water Conservancy and Elec-
tricity Press, 1999. 1 —5

Koutavas A, Lynch-Stieglitz J, Marchitto T M, et al. El Nifio-like
pattern in ice age tropical Pacific sea surface temperature. Science,
2002, 297: 226—230

Markgraf V, Diaz H F. The past ENSO record: a synthesis. In: Diaz
H F, Markgraf V, eds. El Niflo and Southern Oscillation-multiscale
Variability and Global and Regional Impacts. Cambridge: Cam-
bridge University Press, 2000. 465—488

Alley R B, Agustsdottir A M. The 8k event: cause and conse-
quences of a major Holocene abrupt climate change. Quaternary
Science Reviews, 2005, 24: 1123—1149

Teller J T, Leverington D W, Mann J D. Freshwater outbursts to the
oceans from glacial Lake Agassiz and their role in climate change
during the last deglaciation. Quaternary Science Reviews, 2002, 21:
879—887

Clarke G K C, Leverington D W, Teller J T, et al. Paleohydraulics
of the last outburst flood from glacial Lake Agassiz and the 8200
BP cold event. Quaternary Science Reviews, 2004, 23: 389—407
Broecker W S. Massive iceberg discharges as triggers for global
climate change. Nature, 1994, 372: 421 —424

Broecker W S. Ocean circulation-An unstable superconveyor. Na-
ture, 1994, 367: 414—415

Broecker W S. Thermohaline circulation, the Achilles heel of our

www.springerlink.com

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

REVIEW

climate system: will man-made CO, upset the current balance?
Science, 1997, 278: 1582— 1588

Broecker W S. Paleocean circulation during the last deglaciation: a
bipolar seasaw? Paleoceanography, 1998, 13: 119—121

Morrill C, Overpeck J T, Cole J E. A synthesis of abrupt changes in
the Asian summer monsoon since the last deglaciation. The Holo-
cene, 2003, 13: 465—476

Fleitmann D, Burns S J, Mudelsee M, et al. Holocene forcing of the
Indian monsoon recorded in a stalagmite from Southern Oman.
Science, 2003, 300: 1737—1739

Gupta A K, Anderson D M, Overpeck J T. Abrupt changes in the
Asian southwest monsoon during the Holocene and their links to
the North Atlantic Ocean. Nature, 2003, 421: 354—357

Shi Y, Kong Z, Wang S, et al. Mid-Holocene climates and envi-
ronments in China. Glob Planet Change, 1993, 7: 219—234
Staubwasser W, Sirocko F, Grootes P M, et al. Climate change at
4.2 ka BP termination of the Indus valley civilization and Holocene
south Asian monsoon variability. Geophysical Research Letters,
2003, 30: 1425—1428

Weiss H, Courty M A, Wetterstrom W, et al. The genesis and col-
lapse of third millennial north Mesopotamian civilization. Science,
1993, 261: 995—1004

Talbot M R, Delibrias G A. A new late Pleistocene-Holocene wa-
ter-level curve for lake Bosumtwi, Ghana. Earth and Planetary
Science Letters, 1980, 47: 336—344

Thompson L G, Thompson E M, Davis M E, et al. Kilimanjaro ice
core records: evidence of Holocene climate change in tropical Af-
rica. Science, 2002, 298: 589—593

Ge Zhaohuai, Yang Dayuan, Li Xusheng, et al. The paleoflooding
record along the up-reaches of the Changjiang River since the late
Pleistocene epoch. Quaternary Sciences (in Chinese), 2004, 24:
555—560

Xia Zhengkai, Yang Xiaoyan. Preliminary study on the flood events
about 4 ka B.P. in North China. Quaternary Sciences (in Chinese),
2003, 23: 667—674

Booth R K, Jackson S T, Forman S L, et al. A severe centen-
nial-scale drought in mid-continental North America 4200 years
ago and apparent global linkages. The Holocene, 2005, 15: 321—
328

Kutzbach J E. The changing pulse of the monsoon. In: Fein J S,
Stephens P L, eds. Monsoons. New York: A Wiley-Interscience
Publication, John Wiley & Sons, 1987. 247—269

de Menocal P B. Cultural responses to climate change during the
late Holocene. Science, 2001, 292: 670— 673

Yu Weichao. The mysteries of decline of the Longshan and Lianzhu
Cultures. World of Cultural Relic (in Chinese), 1992, 3: 27—28

Wu Wenxiang, Liu Tungsheng. Variations in East Asia monsoon
around 4000 a B.P. and the collapse of Neolithic cultures around
cxentral plain. Quaternary Sciences (in Chinese), 2004, 24: 278 —
284

Bond G, Kromer B, Beer J, et al. Persistent solar influence on north
Atlantic Holocene and glacial climates. Science, 2001, 294: 2130—
2136

2177



	Interconnections between the Asian monsoon, ENSO, and  high northern latitude climate  during the Holocene 
	HONG Bing, LIN Qinghua & HONG Yetang  
	1  Inverse phase relationship between East Asian and Indian Ocean summer monsoons 
	2  Linkages of the Asian monsoons with the ENSO and North Atlantic climate 
	3  8k and 4k events——two key points for interconnection research on global climate  
	4  Conclusion 
	References 




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


