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Fig. 5 Pollen diagram for the Jinchuan peat bog (Jiang et al., 2008, Palaeo3). A 
cooler and drier climate around 4200 cal years BP is suggested by a gradual 
increase in Pinus and decreases in deciduous trees (mainly Quercus and 
Juglans).

Fig. 1 Map showing the locations of Lake Bayanchagan, 
Peat Bog Jinchuan, deserts and distribution of mean annual 
precipitation (mm) in China. Precipitation data are from the 
National Climate of China Meteorological Administration.

Fig. 4 A significant drying around 6000 cal years BP at Bayanchagan is 
indicated by decreases in deciduous trees and Pediastrum, increases in 
steppe vegetation and carbonate δ18O values, and dolomite precipitation 
(Jiang and Liu, 2007, JGR). 

The climate of China is mainly controlled by the East 
Asian monsoon, which comprises two seasonally alternating 
atmospheric circulations. In winter, a dry-cold air mass from 
Siberia leads to a cold and dry climate, while in summer, a 
southeast monsoon transports heat and moisture inland from the 
low-latitude oceans, with a gradient of decreasing rainfall going 
from the southeast to northwest.

Previous studies have shown that a dry climate followed 
early Holocene humid conditions in northern China. However, 
the initiation of mid-Holocene drying varies between sites in 
northern China, starting between 9000 and 4000 years ago. In 
order to determine the timing and spatial distribution of mid-
Holocene drying over northern China, we first present 
palaeoclimatic records from a basin-closed lake at Bayanchagan
and a peat bog at Jinchuan, northern China. Then, further 
analysis and synthesis of the spatial geological data were 
performed. 

Results from Lake Bayanchagan show a significant drying 
at 6000 cal years BP, indicated by vegetation changes, dolomite 
precipitation and a striking rise in δ18O values. At Jinchuan, a
cooler and drier climate around 4200 cal years BP is suggested 
by a gradual increase in Pinus and decreases in deciduous tree 
(mainly Quercus, Juglans). The synthesis of spatial data reveals 
a zonal distribution for timing of drying over northern China in
the mid-Holocene, which began at 9000-7000 cal years BP in 
deserts of north-central China. At 7000-5500 cal years BP, 
drying extended into the desert-steppe transitional zone and at 
~4500 cal years BP into northeastern and south-central China. 
This pattern indicates that the East Asian summer monsoon has 
significantly retreated southeastward since the mid-Holocene, 
which may be related to orbitally induced Northern Hemisphere 
insolation changes. A retreat of ~400-550 km is inferred for the 
front of the summer monsoon from 6500 to 4500 cal years BP.
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Fig. 3 Pollen diagram for the Lake Bayanchagan (Jiang et al., 2006, QR). At 6000 
cal years BP, deciduous trees (mainly Betula, Ulmus, Corylus+Ostryopsis, 
Quercus) decreased and steppe vegetation (mainly Artemisia, Chenopodiaceae 
and Poaceae) increased. Pediastrum, a kind of green algae favoring in fresh 
water, abruptly decreased.

Table 1 Palaeoclimatic records collected in this study

Fig. 6 Mean onset date of the summer 
monsoon. Generally, the more northerly the 
penetration of the frontal rainfall belt the 
greater is the intensity of the summer 
monsoon (Tao and Chen, 1987).

Fig. 7 Map showing the timing (red lines, cal years BP) 
and spatial distribution of mid-Holocene drying over 
northern China (Jiang and Liu, 2007, JGR). Sites are 
numbered according to Table 1. Dashed lines are 
isohyets of mean annual precipitation (mm). 
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Fig. 2 Modern vegetation zones in China (Zhang et 
al., 2007)

Temperate 
mixed 

conifer-
deciduous 

forest 

584±64

(cal yr BP)

X-ray

28 29 30 31 32
2θ

0

1000

2000

28 29 30 31 32
2θ

0

1000

2000

DolomiteCalcite

Calcite

Carbonate
δ18O

Pollen
influx

Pediastrum
influx

(104 grains/cm2 ka) (105 grains/cm2 ka)(VPDB, ‰)

Coniferous
trees

(PFT scores) (PFT scores)

Steppe
vegetation 

(PFT scores)

Carbonate
mineral

Deciduous
trees

0 100 200-8 -6 -4 -2 0

12

10

8

6

4

2

0

Ag
e

(c
al

 k
a 

B
P)

0 60 120 0 2 4 6 8 0 4 8 12 8 12 16 20

Advance of 
monsoonal 
rainfall belt


