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Abstract

Studies on the climate of humid period and the impacts of changing precession in the early-mid Holocene are reviewed in this paper.
High-resolution proxy data indicated that the African Humid Period. strong summer monsoon from the Arabian Sea to South Asia,
northward migration of ITCZ (Intertropical Convergence Zone) over the northern South America, and the humid period of China
appeared in 10.5-5.5 kaBP, 10.0-6.0 kaBP, 10.5-5.4 kaBP, and 11.0-8.0 kaBP, respectively. Modeling studies proved that summer inso-
lation over the Northern Hemisphere increased following the changes of precession in the early Holocene. which increased the land-sea
temperature contrasts, intensified the summer monsoon circulation in the Northern Hemisphere, and finally induced a humid climate
over the area under the influence of summer monsoon. However, modeling results underestimated the increase of precipitation and
the degree of northward extension of monsoon rain belt compared with palaeo-environmental data. These discrepancies between the
modeling results and the palaeo-environmental data may be associated with the changes of North Atlantic circulation, sea ice and veg-
etation covers. Moreover, climate of the humid period was not stable, in which several droughts were inlaid on centennial scale. In this
review, perspectives for further studies of the climate change of the humid period in the early-mid Holocene are also proposed.
© 2008 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in
China Press. All rights reserved.
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1. Introduction America in the early-mid Holocene [3-5] In addition, the

existence of Holocene humid period in China was also con-

As the earth’s climate entered into the Holocene
(11.5 kaBP, calendar year, where kaBP means thousand
years before 1950 A.D.) from last glacier, the temperatures
in the high latitudes became warmer than that in the glacial
time. In tropics, the precipitation increased prominently.
The African Humid Period is an excellent example [1,2].
Studies also indicated that the humid period occurred over
the area from the Arabian Peninsula to the Bay of Bengal
and the coastal area of Venezuela over the northern South
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firmed [6]. The climate model simulations of Holocene sug-
gested that the humid period over the above-mentioned
areas may have been controlled by a primary factor, the
changes of precession [7-10]. The changing precession
caused an increase in the amplitude of the seasonal cycle
of insolation over the Northern Hemisphere, and enhanced
the summertime land-sea temperature contrasts, and
thereby strengthened the northern summer monsoons and
increased the precipitation in the early Holocene. Today,
with more high temporal resolution palaeo-environmental
data (locations of the representative proxy data are shown
in Fig. 1) and an improved climate model, details of the
humid climate in the early-mid Holocene have been further
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Fig. 1. Schematic map of the representative proxy data sites reviewed in this paper and the 850 hPa summer (June-August) wind field obtained from
NCEP Reanalysis-2 (1979-2007), which reflects the summer monsoon circulation (units: m/s). al-a4 indicate the African Humid Period and the details can

be seen in Table 1: bl-b8 indicate the Asian southwest monsoon and the de

tails can be seen in Table 2: c1<7 indicate humid period in South America:

d1-d4 indicate the humid period in China and details can be seen in Table 3. The NCEP Reanalysis-2 was downloaded from the website

http://www.cdc.noaa.gov/PublicData/tables/monthly.html.

understood. In this paper, studies on the climate of the
humid period in the early-mid Holocene during the past
10 years are reviewed.

2. Evidence for humid period
2.1. Green Sahara

Sahara was not an extremely arid desert as it is today
until the Pyramid Period (about 4.5 kaBP). Palaco-envi-
ronmental data and magnificent petrogram verified that
Sahara was wet in the early-mid Holocene known as
“Green Sahara” [1,2]. The first assessment of the humid
period, based on the widespread palaeo-environment data,
was provided by Street and Grove [11], in which globally
141 closed lake records during the past 30 ka were ana-
lyzed. The lake-level status is classified as follows: high sta-
tus: = 70% of the highest level; intermediate status: 20-70%
of the highest level; and low status: <20% of the highest
level. The results demonstrated that the frequency of high
lake level in tropical Africa was higher during the period
of 10-5 kaBP ('*C year) than that before 10 kaBP and after
5 kaBP. Recently, further studies also supported the occur-
rence of the African Humid Period in the early-mid Holo-
cene using high temporal resolution palaeo-environmental
data. For example, the reduced terrigenous (eolian) con-
centrations in the marine sediment records in the coastal
area of Mauritania of Northwest Africa suggested a great
increase in rainfall and vegetation cover during 14.8-

5.5 kaBP in the now hyperarid Sahara desert [12]. In addi-
tion, the diatoms-inferred electric conductivity in the Lake
Abiyata of the East African Rift stayed at a relatively low
level from 10.8 to 6.0 kaBP, which implied a wet climate
during this period [13]. In 2004, Hoelzmann [2] pointed
out that the African Humid Period occurred in the period
of 10.5-5.5 kaBP through the analysis of 23 palaeolake ser-
ies, 14 palaco-vegetation series from North Africa to the
Arabian Sea and 5 sediment series adjacent to the Arabian
Sea (10°N-23°N, 20°W-70°E).

As shown in Table 1, there are four representative
sequences of the African Humid Period. The sites of these
sequences are under the influence of the summer monsoon
(Fig. 1). The 1st and 4th sequences began earlier because
the influence of the starting time of the strengthening sum-
mer insolation over the Northern Hemisphere was consid-
ered. The 3rd one is separated into two episodes due to the
interruption caused by the 8.2 kaBP, a cold event. Gener-
ally, these sequences supported that the African Humid
Period occurred in 10.5-5.5 kaBP. Therefore, in this review
the African Humid Period is assumed to be from 10.5 kaBP
to 5.5 kaBP.

2.2. Evidence from the Arabian Peninsula to the Bay of
Bengal

Gupta [16] investigated the variations in Asian south-
west monsoon intensity by exploring the sediment
records from the Gulf of Oman, and found that the peak

Table 1

Representative sequences of the African Humid Period

No. Location Proxy Humid period (kaBP) References
1 Coast of West Africa Terrigenous concentrations 14.8-5.5 [12)

2 East African Rift Diatoms-inferred conductivity 10.8-6.0 [13]

3 The Horn of Africa Lake level 10.7-9.5, 6.3-5.1 4]

4 Tropical Africa Lake level 14-5.5 [15]
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of southwest summer monsoon intensity was at 10 kaBP
and 9 kaBP, then weakened till to 1.4 kaBP. Overpeck [3]
also pointed out that the southwest monsoon was strong
during 10.8-6.1 kaBP by comparing 3 planktic foraminifer
records of the marine sediment 150 km adjacent to the
Oman margin (RC27) and the pollen records with 25
palaeo-environmental series from North Africa, the
Arabian Peninsula, North India, and the Qinghai-Tibet
Plateau. Other studies also supported that the Asian south-
west monsoon was strong in the early-mid Holocene. For
example, the 8'%0 records in stalagmite indicated that the
southwest summer monsoon had strengthened significantly
since 10.3 kaBP, and then weakened gradually from
7.0 kaBP [17]. The lake sediments [18] suggested that there
are four lakes that expanded during 11.0-7.5kaBP in
Yemen. Recently, Staubwasser [4] also obtained a similar
conclusion, which showed that the South Asian monsoon
rainfall enhanced during 9-6 kaBP.

The sequences given in Table 2 are located in the South
Asian monsoon region (bl-b8 in Fig. 1). Although these
sequences that are derived from different proxy data are
not exactly consistent, they supported that there was an
interval in the early-mid Holocene, in which the South
Asian monsoon was strong and the climate was wet.
Among these sequences, the 2nd and 5th sequences are
the typical representatives due to the integration of many
proxy data (2,3]. Therefore, in this review, the Holocene
humid period from the Arabian Peninsula to India is con-
sidered to be 10-6 kaBP.

2.3. Evidence in South America

The influences of the changing precession on the climate
of South America are also examined in this review. If the
changing precession is the basic driver of the Holocene
humid period, there should have been an evidence for
opposite responses in precipitation on both the sides of
the equator in South America. The continental shelf of
the North Venezuela, which is located at about 10°N, sits
at the present northern limit of the summer migration of
ITCZ (Intertropical Convergence Zone} and the associated
rainfall belt. In summer, the rainfalls flow directly into the
Cariaco Basin from the land with terrigenous material (cl

Table 2
Period of the strong Asian southwest monsoon

Strong monsoon References
period (kaBP)

No. Location Proxy

1  Oman 5'%0 in stalagmite  9.6-5.5 (17]
2 Arabian Palaco lake Palaco  9.9-6.1 [2]
Peninsula vegetation
3 Yemen Lake sediments 11.0-7.5 [18]
4 Gulf of Oman Foraminifer (%) 10.2-6.5 [16)
5 Gulf of Oman Pollen 10.8-6.1 [3]
6  Bay of Bengal 3'*0 in foraminifer 7.9-5.2 (9]
7 Indus 8'80 in foraminifer  9.4-5.0 [20]
8 Thar Desert  Lake sediments 7.3-4.9 [21]

in Fig. 1). Therefore, the variations in the content of Fe
and Ti in the marine sediments can reflect the changes of
terrigenous material and rainfalls on land [5]. The varia-
tions in the concentrations of Fe and Ti suggested that
there was plentiful precipitation during 10.5-5.4 kaBP.
Other proxies also proved that the changing precession
dominates climate humidity variations of South America
in Holocene, such as lake records in Haiti [22] (¢2 in
Fig. 1) and pollen records in the Lake Valencia of North
Venezuela [23] (¢3 in Fig. 1).

The variation of humidity in the south-central South
America is another strong evidence for the impacts of the
changing precession on the climate of South America. In
contrast to the situations in the northern South America,
droughts occurred in south-central South America in the
early-mid Holocene while it was moist in the late Holocene.
Sediments in the Lake Titicaca of southern Peru indicated
that there were plentiful rainfall in 4.0-2.4 kaBP [24](c4 in
Fig. 1). Pollen records from the southern Amazon sug-
gested that the humid evergreen forest expanded farther
southward in the late Holocene [25] (c5 in Fig. 1). The run-
off of the Amazon decreased in the early Holocene [26] (c6
in Fig. 1), which is similar to the situations of 5'%0 in the
Lake Junin of the central Peru [27] (¢7 in Fig. 1). Nunez
[28] analyzed the archaeological evidence from the Ata-
cama Desert of northern Chile to the Plateau (20°S-25°S)
in South America and pointed out that there was a signif-
icant decline, even a hiatus in human occupation during
9.0-4.5 kaBP (calendar year) due to aridity stress, known
as Silencio Arqueoldgico. Furthermore, much more palae-
o-environmental evidence, such as palaeolake sediments
and pollen and alga records, also indicated that droughts
expanded from North Chile to Peru and lakes shrank, even
disappeared during 8.0-3.6 kaBP ('*C year).

2.4. Climate of the humid period in China

Based on the data from ice core, inland palaeolakes, pal-
aeosols in loess and eolian sands, sea level fluctuations, pal-
aeozoological and archeological evidence, Shi [29] pointed
out that Holocene Megathermal appeared mainly in China
during 8.5-3 kaBP and lasted till 5.5 ka. During this per-
iod, the climate was warm and wet, the summer monsoon
strengthened and the vegetation belt shifted northward
2-5° over the plain of the eastern China, especially in
Megathermal Maximum ca. 7.2-6.0 kaBP [30,31]. In addi-
tion, An et al. [32] examined the Holocene optimum in dif-
ferent parts of China with precipitation or effective
moisture and pointed out that the humid period existed
in Northeast China and North China in 12.0-10.0 kaBP
and 10.0-7.0 kaBP ('*C year), respectively. They also indi-
cated that the humid period reflects the enhancement of the
Asian summer monsoon and may result from the changes
of precession.

In the past 10 years, more and more high-resolution pal-
aeo-environmental sequences have been exploited to study
the changes of the climate humidity in Holocene. Based on
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these high-resolution data, the Holocene climate in China
can be examined on centennial, multi-decadal, even on
annual time-scale. Four palaco-environmental sequences.
which are situated in South and Northeast China (d1-d4
in Fig. 1), are summarized in Table 3. The humid period
is defined as the anomaly exceeding lo. It can be found
that ca. 11.0-8.0 kaBP is the common interval in these
sequences. Additionally, the 1st and 2nd series seem to be
interrupted by a cold event. Therefore, in this review,
11.0-8.0 kaBP is considered as the Holocene humid period
in China.

3. Modeling studies

The impacts of the changing precession on the climate
have been extensively studied using the atmosphere circula-
tion model (AGCM) since the 1980s [37-39]. deMenocal
[12] examined the relationship between the African Humid
Period and the changing insolation, and pointed out that
the African Humid Period corresponds to the interval in
which the insolation increases by 4% than that of today.
Prell and Kutzbach [40] through sensitive experiments also
indicated that the rainfalls increase by 25-50% in the tro-
pics of the Northern Hemisphere when the insolation
increases 10%.

Since the 1990s, PMIP (Palaeoclimate Modelling Inter-
comparison Project) began to focus on the climate change
research of two slices including the 21 kaBP, which repre-
sents the Last Glacier Maximum (LGM), and 6 kaBP.
The IPCC AR4 indicated that the development of glacier
is associated primarily with the temperature in the summer
[41]. Due to the existence of the Laurentide ice sheet, the
boundary condition is too complex in early Holocene.
Consequently, the 6 kaBP is still used to represent the
warm period of the Holocene in the modeling study,
although it is not the warmest episode in the Holocene.
The PMIP has integrated 18 model results to evaluate the
paleoclimate changes. There are two palaeo-environmental
datasets which are provided to test the modeling results.
The GLSDB (Global Lake Status Data Base) [42], which
collected lake level, area and capacity records spanning
the past 30 kaBP, indicated that it was wetter in North
Africa, the Arabian Peninsula, Southwest China and the
Central America at 6 kaBP than it is today. BIOME6000
[43], which is a widespread vegetation distribution dataset

Table 3
Holocene climate of the humid period in China
No. Location Proxies Climate of References
humid period
(kaBP)
1 Hani 8'3C in peat (%) 10.8-9.5, 8.8-8.3  [33]
2 Erhai Lake TOC (%) 11.0-10.0, 8.5-6.0 [34]
3 Lake Huguang TOC (%) 11.0-8.2 [35]
Maar
4 South China  Climate humidity 1]1.0-8.2 [36]
Sea (relative value)

derived from the pollen and plant fossils records, showed
that the forest advanced to the inland of China and vegeta-
tion of Sahel expanded to Sahara when monsoon activities
enhanced. Consequently, there are two ways to examine
the palaeoclimate by comparing the model results with
the observations using forward modeling techniques or
inverse techniques. The former firstly requires the environ-
mental indexes, such as vegetation and hydrographic
indexes from environmental model, and then compares
them with BIOME. The latter firstly obtains the tempera-
ture and precipitation information from palaco-environ-
mental data using inverse techniques, and then compares
them with the modeling results. The results showed that
AGCM can generally capture the major features of the
impacts of the changing precession on climate: the
increased seasonal cycle of insolation in Northern Hemi-
sphere, the rising summer temperature over Eurasia, the
increased evaporation transport from ocean to continents,
the strengthening summer monsoon, the advancement of
rain belt from Sahel to Sahara and increased rainfalls in
the inland of Asia. However, the model results usually
underestimated the increase of rainfall and the degree of
northward extension of the rain belt [44]. For example,
BIOM suggested that grassland can reach 23°N at 6 kaBP;
however, in the model result rainfall is 100 mm less than
that needed, and Chad Lake in the model result was 30%
smaller than the observations of GLSDB.

The seasonal temperature cycle on the land in AOGCM
(Atmosphere-Ocean Coupled Model) is more prominent
than that in AGCM [8]. The warming associated with the
changing precession is postponed to July-October in
AOGCM when compared with that in June-September in
AGCM. Ocean favors the enhancement of summer mon-
soon and induces the migration of rain belt farther north-
ward over Africa in the model. The maximum rain belt
reaches 10°-15°N in AGCM and farther northward to
15°-18°N in AOGCM. However, this is still not enough
to properly explain the grassland distribution of North
Africa in the early Holocene.

Studies also indicated that the feedbacks involving
oceans, vegetation cover and sea ice play very important
roles in climate changes [45-49]. Therefore, it is urgent to
develop an advanced coupled ocean-atmosphere-vegeta-
tion model to improve the model simulation. In addition,
the African Humid Period began and terminated abruptly
[50], which may be associated with multi-equilibrium states
[51] Long-term climate simulation should be carried out to
examine the abrupt climate change in Holocene using
advanced earth system models of intermediate complexity
(EMIC) [52].

4. Conclusions and perspectives

A great number of high-resolution proxy data indicated
that the humid period appeared in Africa, from the Ara-
bian Sea to South Asia, the northern South America and
China in the early-mid Holocene. Due to the predominance
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of monsoon precipitation in these regions, the monsoon
activities determine the occurrence of humid period. The
humid period over the above-mentioned areas seems to
not have begun at the same time in Holocene. This differ-
ence may be associated with boundary conditions and
proxy data [32). Although the intervals of humid period
are not exactly consistent in these regions, they are in
agreement during the period of 10-8 kaBP. These study
results suggested that the Holocene humid period of these
regions which cover a vast tropical monsoon area, should
be mainly controlled by a planetary scale factor. In boreal
tropics, the Holocene climate was featured with large
humidity changes in contrast to large temperature changes
in boreal extratropics. The climate simulation of Holocene
forced with the changing precession obtained similar
results. Therefore, the general agreement in the Holocene
humid period among palaco-environmental data, and the
insolation variations driven by the changing precession
and Holocene climate simulations, indicated that the pre-
cession is the most important driver of the variations in
Holocene summer monsoon precipitation in boreal tropics.

Comparison of paleoclimate records with the Holocene
climate model simulation indicated that there are some dis-
crepancies, for example, the model results underestimated
the amplitude of the summer monsoon precipitation varia-
tions and the degree of northward extension of monsoon
rain belt. These discrepancies may come from the following
two aspects: The climate model is not perfect and needs to
improve further; these may suggest that the Holocene
humid period in monsoon regions may be influenced by
other factors, which are not included in the model. The
orbital (precession) forcing and the associated strengthen-
ing monsoon circulation may have combined to produce
the changes in ocean surface temperature, e.g. in Tropical
Atlantic, and that in turn caused further enhancement of
monsoon circulation and precipitation in the early to
mid-Holocene [45]. In addition, the changes in vegetation
cover could modify and amplify the climate system
response to orbital (precession) forcing over the Northern
Hemisphere in Holocene both directly (primarily through
the changes in surface albedo) and indirectly (through the
changes in oceanic temperature, sea ice cover and ocean
circulation) [49). Thereby, the Holocene humid period is
not only primarily controlled by the changes of precession,
but also influenced by the synergistic effects of the changes
in vegetation cover, ocean temperature, and sea ice at bor-
cal latitudes, and in subtropics, the atmosphere-vegetation
feedback is the most important. In order to understand the
occurrence and changes of the Holocene humid period fur-
ther it is urgently needed to develop an advanced coupled
atmosphere-ocean-vegetation climate model in the future.

Palaeo-environmental data indicated that there are some
millennial oscillations signals superimposed on the
decreased trend of precipitation in Holocene, such as
droughts occurred at 8.2 kaBP, 4.2-4.0 kaBP and lasted
several hundred years. These droughts or millennial climate
oscillations may be associated with the changes of THC

(thermohaline circulation) or ocean circulation. Therefore,
the observations also show that precession changes are not
the only factor influencing the precipitation variations over
tropical monsoon area in Holocene [53]. Additionally, the
relationship between precipitation and summer monsoon
intensity depends on the geographical location. In terms
of summer precipitation in China, when the summer mon-
soon enhances, the rainfall increases in North China, in
contrast to decreasing in the middle and lower reaches of
the Yangtze River. Thereby, more caution is required to
examine the variations of monsoon circulation using pre-
cipitation in China. However, situation in Indian Peninsula
is not like that in China, in which the precipitation changes
are consistent except for the northern parts of India.

Acknowledgement

This work was supported by the Ministry of Science and
Technology of China (Grant No. 2006BAC03B03).

References

[1] Roberts N. The Holocene, an environmental history. Oxford: Blac-
knell Ltd.; 1989, p. 83-92.

[2] Hoelzmann P, Gasse F, Dupont L, et al. Palaeoenvironmental
changes in the arid and subarid belt (Sahara-Sahel Arabian Penin-
sula) from 150 kyr to present. In: Past climate variability through
Europe and Africa. Dordrecht: Springer; 2004. p. 219 -56.

[3] Overpeck J, Anderson D, Trumbore S, et al. The southwest Indian
Monsoon over the last 18000 years. Clim Dyn 1996;12:213-25.

[4] Staubwasser M. An overview of Holocene South Asian monsoon
records-monsoon domains and regional contrasts. J Geol Soc India
2006:68:433-46.

[5] Haug GH. Hughen KA, Sigman DM, et al. Southward migration of
the intertropical convergence zone through the Holocene. Science
2001;293:1304-8.

[6] Yuan D, Cheng H, Edwards RL, et al. Timing, duration, and
transitions of the last interglacial Asian Monsoon. Science
2004:304:575-8.

[7] Valdes PJ. An introduction to climate modeling of the Holocene. In:
Global change in the Holocene. London: Springer; 2003. p. 20-35.

[8] Claussen M. Simulation of Holocene climate change using climate-
system models. In: Global change in the Holocene. London: Springer;
2003. p. 422-34.

[9] Renssen H. Braconnot P, Tett SFB, et al. Recent developments in
Holocene climate modeling. In: Past climate variability through
Europe and Africa. Dordrecht: Springer; 2004. p. 495-514.

[10} Braconnot P, Harrison SP, Joussaume S, et al. Evaluation of PMIP
coupled ocean-atmosphere simulations of the mid-Holocene. In: Past
climate variability through Europe and Africa. Dordrecht: Springer:
2004. p. 515-33.

[11] Street FA, Grove AT. Global maps ot lake-level fluctuations since
30,000 yr B. P. Quat Res 1979;12:83 118.

[12] deMenocal P, Ortiz J, Guilderson T, et al. Coherent high and low-
latitude climate variability during the Holocene warm period. Science
2000:288:2198-202.

[13] Gasse F. Paleoclimate: hydrological changes in Africa. Science
2001;292:2259-60.

[14] Umer M, Legesse D, Gasse F, et al. Late quaternary climate changes
in the Horn of Africa. In: Past climate variability through Europe and
Africa. Dordrecht: Springer: 2004. p. 159-80.

[15] Barker P, Talbot M. Street-Perrott FA, et al. Late quaternary
climatic variability in intertropical Africa. In: Past climate variability
through Europe and Africa. Dordrecht: Springer; 2004. p. 117-38.



1464 J. Huang et al. | Progress in Natural Science 18 (2008) 1459-1464

[16] Gupta AK, Anderson DM, Overpeck JT. Abrupt changes in the
Asian southwest monsoon during the Holocene and their links to the
North Atlantic Ocean. Nature 2003:421:354-7.

(17} Fleitmann D, Buns SJ, Mudeksee M, et al. Holocene forcing of the
Indian monsoon recorded in a stalagmite from Southern Oman.
Science 2003:300:1737-9.

[18] Lézine AM, Robert C, Saliége JF, et al. Sediment, pollen and isotope
evidence for an early to mid-Holocene humid period in the desert of
Yemen. PAGES News 2006;14(2):30-1.

[19] Kudrass HR, Hofmann A, Doose H, et al. Modulation and
amplification of climate changes in the Northern Hemaphere by the
Indian summer monsoon during the past 80kyr. Geology
2001;29:63-6.

[20] Stubwasser M, Sirocko F, Grootes PM, et al. South Asian monsoon
climate change and radiocarbon in the Arabian Sea during early and
middle Holocene. Paleoceanography 2002;17:15, 1-11.

[21] Enzel X, Ely LL, Mishra S, et al. High-resolution Holocene
environmental changes in the Thar Desert, Northwestern India.
Science 1999:284:125-8.

[22] Hodell DA, Curtis JH, Jones GA, et al. Reconstruction of Caribbean
climate change over the past 10,500 years. Nature 1991:352:790-3.

[23] Bradbury JP, Leyden B, Salgado-Labouriau M, et al. Late quater-
nary history of Lake Valencia Venezuela. Science 1981;214:1299-305.

[24] Baker PA, Seltzer GD, Fritz SC. et al. The history of South American
tropical precipitation past 25,000 years. Science 2001;291:640-3.

[25] Mayle FE. Burbridge R, Killeen TJ. Millennial-scale dynamics of
southern Amazonian rain forests. Science 2000;290:2291-4.

[26] Maslin MA, Burns SJ. Reconstruction of the Amazon Basin effective
moisture availability over the past 14,000 vyears. Science
2000;290:2285-7.

[27] Seltzer G, Rodbell D, Burns S. Isotopic evidence for late quaternary
climatic change in tropical South America. Geology 2000;28:35-8.

[28] Nifez L, Grosjean M, Cartajena I. Human occupations and climate
change in the Puna de Atacama, Chile. Science 2002;298:821-4.

[29] Shi YF. Kong ZY, Wang SM, et al. The climatic Fluctuation and
major events during the Holocene Optimum in China. Sci China (Ser
B) 1992:12:1300-8, [in Chinese).

[30] Shi YF, Kong ZC, Wang SM, et al. The climate and environment
during the Holocene megathermal maximum in China. Sci China (Ser
B) 1993;23:865-73, [in Chinese].

[31] Shi YF, Kong ZZ, Wang SM, et al. Mid-Holocene climates and
environments in China. Global Planetary Change 1993;7:219-33.

[32] An ZS, Porter SC, Kutzbach JE, et al. Asynchronous Holocene
optimum of the East Asian monsoon. Quat Sci Rev 2000;19:743-64.

[33] Hong YT, Wang ZG, Jiang HB, et al. A 6000-year record of
changes in drought and precipitation in northeastern China based
on 3'°C time series from peat cellulose. Earth Planet Sci Lett
2001:185:111-9.

[34] Zhou J, Wang SM, Yang GS, et al. The Younger Drays event and the
cold events in early-mid Holocene. Adv Climate Change Res
2006:2:127-30.

[35] Vancheva G, Nowaczyk NR, Mingram J, et al. Influence of the
intertropical convergence zone on the East Asian monsoon. Nature
2007:445:74-1.

[36] Wang L, Sarnthein M, Erlenkeuser H, et al. East Asian monsoon
climate during the Late Pleistocene: high-resolution sediment records
from the South China Sea. Mar Geol 1999;156:245-84.

[37] Kutzbach JE. Monsoon climate of the early Holocene, climatic
experiment using the earth's orbital parameters for 9000 years ago.
Science 1981;214:59-61.

[38) COHMAP Members Climate changes of the last 18000 years:
observations and model simulations. Science 1988; 241:1043-52.

[39] Kutzbach JE, Gallimore R, Harrison SP, et al. Climate simulations
for the past 21,000 years. Quart Sci Rev 1998:17:473-506.

{40] Prell WL, Kutzbach JE. Sensitivity of the Indian monsoon to forcing
parameters and implications for its evolution. Nature
1992;360:647-52.

[41] Jansen E, Overpeck J. Briffa KR, et al. In: Climate change 2007: The
physical science basis. Contribution of working group I to the fourth
assessment report of the intergovernmental panel on climate
change. Cambridge: Cambridge University Press; 2007. p. 435-97.

[42] Kohfeld KE, Harrison SP. How well can we simulate past climates’
Evaluating the models using global palaeo-environmental data set.
Quat Sci Rev 2000;19:321-46.

[43] Prentice IC, Webb III. BIOME 6000: Reconstructing global mid-
Holocene vegetation patterns from palacoecological records. J
Biogeogr 1998;25:997-1005.

(44] Jousaume S, Taylor KE, Braconnot P, et al. Monsoon changes for
6000 years ago: Results of 18 simulations from the Paleoclimate
Modeling Intercomparison Project (PMIP). Geophys Res Lett
1999:26:859-62.

[45] Kutzbach JE, Liu Z. Response of the African Monsoon to orhital
forcing and ocean feedbacks in the middle Holocene. Science
1997:278:440-3.

[46] Braconnot P, Joussaume S, Marti O, et al. Synergistic feedbacks from
ocean and vegetation on the African monsoon response to mid-
Holocene insolation. Geophys Res Lett 1999;26:2481-4.

[47] Prentice 1C, Jolly D. BIOME 6000 members. Mid-Holocene and
glacial-maximum vegetation geography of the northern continent and
Africa. J Biogeogr 2000:27:507-19.

[48] Claussen M, Gayler V. The greening of Sahara during the mid-
Holocene results of an interactive atmosphere-biome model. Global
Ecol Biogeogr Lett 1997;6:369-77.

[49] Ganopolski A, Kubatzki C, Claussen M, et al. The influence of
vegetation-atmosphere-ocean interaction on climate during the mid-
Holocene. Science 1998;280:1916-9.

[50] deMenocal P, Ortiz J, Guilderson T, et al. Abrupt onset and
termination of the African Humid Period: rapid climate responses to
gradual insolation forcing. Quat Sci Rev 2000;19:347-61.

[51] Claussen M, Kubatzki C, Brookin V, et al. Simulation of an abrupt
change in Saharan vegetation in the mid-Holocene. Geophys Res Lett
1999:26:2037-40.

[52] Claussen M, Mysak LA, Weaver AJ, et al. Earth system models of
intermediate complexity: closing the spectrum of climate system
models. Clim Dyn 2002;18:579-86.

(53] Guo ZT, Petit-Maireb N, Krépelin S. Holocene non-orbital climatic
events in present-day arid areas of northern Africa and China. Global
Planetary Change 2000;26:97-103.



