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Abstract Pollen map data at 2000-year intervals are used
to reconstruct changes in Holocene forest cover in China
north of the Yangtze River. In almost all regions, the early
Holocene from 10 ka b.p. to 6 ka b.p. is characterised by
an increase in forest cover although there was a reversal to
lower forest cover at 8 ka b.p. in the eastern monsoon re-
gions. A maximum of forest cover was reached at 6 ka b.p.
in all regions except for Northeast China where forest cover
peaked in the late Holocene. All regions except for North-
east China experienced a marked decline in forest cover after
6 ka b.p. Since 6 ka b.p., forest cover has decreased by about
92% in the middle and lower reaches of the Yellow River,
64% in the easternmost part of the Qinghai-Tibet Plateau
and 37% between the Yangtze River and the Huaihe River.
In contrast, forest cover in Northeast China increased signif-
icantly from 6 ka b.p., but has declined between 2 ka b.p. and
the present. Changes in forest cover prior to 6 ka b.p. were
probably caused by climate, but the evident drop in forest
cover since that time in most regions may have been induced
predominantly by human activities.
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Introduction

Terrestrial forest is one of the major factors in the global car-
bon balance, and therefore in global climate change (Francey
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et al. 1995; Peng and Apps 1997; Peng et al. 1998; Phillips
et al. 1998; Joos et al. 1999; Houghton et al. 1999; Casperson
et al. 2000; Fang et al. 2001; Ruddiman 2003). The increase
in atmospheric CO2 concentration in the last 200 years is
attributed to the use of fossil fuels as well as the net loss
in global forest reserves (IPCC 2000, 2001), in spite of the
fact that a large uncertainty exists in estimating the forest or
land-cover change for the last centuries. Reconstruction of
Holocene atmospheric CO2 concentration shows a more no-
table change than expected in atmospheric concentration of
CO2 in the Holocene period (Indermuehle et al. 1999; Beer-
ling 2000; Ruddiman 2003). The mid- to late Holocene in-
crease in atmospheric CO2 concentration is partly attributed
to changes in land cover in northern Africa and the Arabian
Peninsula, but other terrestrial sources are likely to play a
role and require identification (Indermuehle et al. 1999).

Change in forest cover may also have affected past cli-
mates on regional or sub-continental scales. Holocene for-
est or vegetation changes in northern Eurasia and northern
Africa may have amplified the climate changes due to the
bio-geophysical feedback from the vegetation (Texier et al.
1997; Brostroem et al. 1998; Ganopolski et al. 1998; Levis
and Foley 1999; Braconnot et al. 1999; Wang 1999; Fu 2001).
Forest cover or land-cover change therefore need to be taken
into consideration if we are to understand the complete spec-
trum of factors in the past and future climate changes on
regional or sub-continental scales.

Palaeo-data on past forest cover are therefore of key im-
portance for understanding the Holocene global carbon cycle
and regional climatic dynamics. Verification of the changes
in forest cover and of the driving forces for the changes
is thus urgently needed. In the last decade, progress was
made in reconstructing past biome distributions for the mid-
Holocene and the last glacial maximum (Prentice et al. 1996;
Hoelzmann et al. 1998; Tarasov et al. 1998; Yu et al. 2000).
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Although these studies focus only on 6 ka b.p. and 18 ka
b.p., and regard the differences in the biome of 6 ka b.p.
from that of the present-day as being the result of climate
change alone, they have facilitated the compilation of much
palaeo-vegetation data.

Forest changes in the late Holocene in China have long
been noted among Chinese palaeoecologists (An et al. 1990;
Sun and Chen 1991; Winkler and Wang 1993; Liu and Qiu
1994; Ren 1994; Ren and Zhang 1998) and Chinese his-
torians (Shi 1991; Zhu 1992; Fang and Xie 1994). Most
of the scientists, however, regard the decrease in arboreal
pollen or forest cover in the last 5000 years as an indicator
of climatic drying, though historians have found documen-
tary evidence showing that many forests have been destroyed
by human activities since ca. 2 ka b.p. In previous studies,
Ren et al. investigated the tempo-spatial pattern of arboreal
pollen changes in the mid-to late-Holocene in the country,
concluding that the forest decline of the last 5000 years is
in step with the ancient agricultural expansion in time and
space (Ren and Zhang 1998; Ren 2000; Ren and Beug 2002).

This paper further discusses the issue of Holocene forest-
cover changes in China north of the Yangtze River based on
mapped pollen data. It supports our previous claim that Chi-
nese forest cover has declined since 5000 b.p., most probably
due to human interference. The implications of the forest-
cover change for the global carbon cycle of the mid- to
late-Holocene and for regional climate change are also dis-
cussed.

Data and methods

This work is mainly based on the output of Holocene pollen
mapping research completed by Ren and co-workers (Ren
1994; Ren and Zhang 1998; Ren and Beug 2002). A pollen
data-set of 142 sites in China north of the Yangtze River was
used to produce a series of Holocene pollen maps for six
time slices at 2000 year intervals and for ten taxa including
total arboreal pollen. Figure 1 shows the distribution of the
pollen sites.

As pointed out previously, Holocene pollen data of good
quality are relatively rare in China, especially from work in
the decades prior to 2000 (Liu and Qiu 1994; Ren and Beug
2002). This is mainly due to the discontinuous nature of
the sediments used for pollen analysis, the coarse sampling
intervals and low time resolution, the lack of radiocarbon-
dating control and the relatively out-of-date analytical
methods and equipment in many domestic laboratories (Sun
and Chen 1991; Liu and Qiu 1994; Ren and Zhang 1998).
For some regions, even such poor-quality data are difficult
to find. These factors hinder the production of pollen maps
with a fine temporal and spatial resolution, and hence any
detailed investigation of the temporal-spatial patterns of

Fig. 1 The five regions as defined in the text and the distribution of
pollen sites

Holocene forest cover change in the country. However, the
available pollen data and the series of pollen maps based
on the data can still allow some indication of the macro
temporal-spatial patterns of forest-cover change in the area
analysed.

Pollen percentages are calculated relative to a common
pollen sum, which includes the total pollen grains from ter-
restrial plants excluding Cyperaceae. Cyperaceae pollen is
excluded because it is not representative of highland plant
taxa for comparability among sites. Here pollen map data
for total arboreal pollen (AP) are used. AP percentage is
preferred because it may be one of the best criteria for in-
dicating the change in forest cover. In the study area, the
modern AP isopoll of 40% coincides with the potential bor-
der between forest and steppe. This was verified especially
for the Northeast China Plain where human interference with
vegetation has been relatively slight (Ren 1994, 1998). The
criterion value of AP percentage on the forest-steppe border,
however, is a little lower than those in North America and
Europe (Webb et al. 1983; Huntley and Birks 1983; Huntley
and Webb 1988), mainly because shrub types were included
in herbaceous pollen rather than in total arboreal pollen in
the Chinese pollen mapping work. Therefore, 40% AP indi-
cates the existence of an open forest in a region, and 70%
AP implies the development of a more or less closed forest.
Because my focus is mainly on the temporal change in forest
cover, the value of the isopoll threshold is less important than
its consistent application across time.

Two methods are used to investigate the change in forest
cover. One is by presenting the AP isopolls above 40% for
the study area, and the other is by showing the graphical pat-
tern of AP changes through time for different regions. The
original AP isopoll maps (Ren and Beug 2002) are modified
to show the isopolls higher and lower than 40% for the 6
specific time slices (Fig. 2), and the AP isochrone map is
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Fig. 2 AP isopoll maps of the Holocene for China. Red lines indicate the positions of AP 40% isopoll (modified from Ren and Beug 2002)

presented to indicate the spatial change of the 40% isopolls
for the six time slices investigated (Fig. 3). In order to facili-
tate the visualisation of the temporal change and to reveal the
regional difference of the changes, five regions are defined.
Forest cover for each of the regions as well as the regions as a
whole is calculated and given in Fig. 4. Southern China is not
included because the pollen data there are extremely scarce
and the region had been excluded from the maps of previ-
ous research (Ren and Beug 2002). The regional division
is made on the basis of longitude × latitude grids, but the
physical and human characteristics as well as data sites have
been taken into account in doing so (Table 1, Fig. 1). Thus,
for example, Northeast represents a region normally called

Northeast China, with relatively uniform physical and polit-
ical features. The westernmost part of China and the eastern
part of Inner Mongolia are not included in the five regions
because relatively fewer data sites are available there.

Forest land (i.e. woodland) here is defined as any places
(sites) where AP percentages are more than 40%, and forest
cover (FC hereafter) is defined as the ratio of forest-land area
to total area within a given region. Because the pollen maps
were automatically produced with the computer program
Surfer 5.01 for Windows, which can perform the calculation
of area and volume for mapped variables, it is easy to obtain
FC for every time slice specified. FC is calculated as the area
within the 40% isopoll (A40), divided by the total area of the
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Fig. 3 AP isochrone map of the Holocene for China (modified from
Ren and Beug 2002)

region (Atot), minus the area in the region outside the national
boundary or shoreline (Ablank):

FC = A40/(Atot − Ablank) × 100%

The FC thus estimated from the modern pollen data is
different from that calculated from forest-inventory data. Be-
cause the area with AP percentages above 40% represents
only the region where forest has grown at least on some
stands, the FC thus estimated for a given region is generally
higher than the inventory data published officially. It is pos-
sible to obtain the comparable forest-cover through a cali-
bration process on the basis of modern pollen data and the
statistically based FC, but this was not done in the present
work because our focus is mainly on the temporal change in
FC.

If not specified, the ages given in this paper are all un-
calibrated radiocarbon dates. 0 ka b.p. as used in this paper
denotes any time between the present and 0.5 ka b.p.

Table 1 Boundaries of the five regions in the study area; Q-T: Qinghai-
Tibet; Y-H region: Yangtze-Huaihe

NE
China

North
China

NW
China

Q-T
Plateau

Y-H
region

Longitude (◦E) 123–133 103–123 85–103 85–103 103–123
Latitude (◦N) 40–52 34–42 38–46 30–38 30–34

Results and illustration

Figures 2 and 3 show the AP isopoll maps and isochrone
map respectively. In spite of a more westerly position for
the 40% isopoll, AP percentages in the forest regions were
generally lower at 10 ka b.p. as compared to the following
time slices. AP values more than 70% occurred on the delta
of the Yangtze River and in the Changbai Mts. of Northeast
China at 10 ka b.p., indicating that only in these two re-
gions could closed forests develop. At 8 ka b.p., a significant
increase in area with forest occurred, as indicated by the in-
land migration of the AP 40% isopoll to the northern North
China Plain, southern Inner Mongolia Plateau, eastern Loess
Plateau and Qinghai-Tibet Plateau. The largest increase in
FC was at 6 ka b.p. for most of the study area, when the
AP isopoll 40% reached its most inland position during the
Holocene, except in Northeast China.

4 ka b.p. witnessed a marked decrease in FC in the Yel-
low River basin, most notably in the southeastern Loess
Plateau and southwestern North China Plain. The Liaodong
and Shandong Peninsulas, northern North China Plain and
eastern Qinghai-Tibet Plateau also experienced a drop in AP
percentages in varying degrees. A significant rise in AP per-
centages and therefore in forest closure, however, occurred
in the Changbai Mts. and Xiaoxingan Range at that time.
These trends generally continued until the present. Today,

Fig. 4 Changes in forest cover
during the Holocene for five
regions in China
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Table 2 Percentage changes of forest cover relative to preceding time
slices

Period
(ka b.p.)

NE
China

North
China

NW
China

Q-T
Plateau

Y-H
Region

Five
Regions

10–8 − 13 − 13 148 − 1 4
8–6 44 116 74 3 54
6–4 8 − 33 − 47 − 33 − 22 − 22
4–2 12 − 74 − 89 5 − 32
2–0 − 6 − 57 368 − 23 − 7
6–0 15 − 92 − 64 − 37 − 50

almost all of the Loess Plateau and the North China Plain
are no longer covered by forests, but the FC in northernmost
Northeast China may have reached the maximum for the
Holocene. The tremendous drop in FC on the Loess Plateau
and the North China Plain can be illustrated by the fact that
the AP 40% isopoll (corresponding to the forest-steppe eco-
tone) migrated towards the southeast by about 500 km after
6 ka b.p.

Figure 4 shows the changes in FC for the five regions
as defined in Table 1 and Fig. 1. Confidence for Northwest
China is low because of the poor data coverage and the high
abundances of herbaceous pollen throughout the Holocene.
In the Northwest region, only at 6 ka and 4 ka b.p. were there
some places covered by forests, which accounts for only 9%
and 5% of the total area of the region. Nowhere could forests
be found in this region after this.

FC in the North region was 29% at 10 ka b.p., but rose
rapidly to 55% at 6 ka b.p. after a slight decrease at 8 ka
b.p. A tremendous drop in FC occurred consistently after
6 ka b.p. in the North region, with the minimum for the
Holocene being reached in the 0 ka b.p. map. Since 6 ka
b.p., FC in the region has decreased by 92% (Table 2). A
similar but smaller change in FC occurred in the Qinghai-
Tibet and Yangtze-Huaihe regions where FC has declined
by 64% and 37% respectively since 6 ka b.p. The Qinghai-
Tibet region, however, had its lowest FC at 2 ka b.p., while
the Yangtze-Huaihe region recovered slightly at 2 ka b.p. It
should also be pointed out that even at present more than half
of the area of the Yangtze-Huaihe region is still covered by
forests.

A rather different change occurred in Northeast China.
FC in this region before 6 ka b.p. changed in the same way
as in the North region, but after 6 ka b.p. a general increase
rather than a decrease is noted, with only 0 ka b.p. showing
a slight drop. From 6 ka b.p. to 2 ka b.p., FC in the Northeast
increased by 22%, and from 6 ka b.p. to 0 ka b.p. it increased
by 15%.

For the five regions as a whole, an early Holocene in-
crease in FC and a late-Holocene decline can be detected
(Fig. 5). Between 10 and 8 ka b.p., FC in the five regions was
around 30%. After it increased to 48% at 6 ka b.p., it steadily
declined, and the lowest value of the Holocene, 24%, was

Fig. 5 Changes in forest cover during the Holocene for the study area
as a whole

reached at 0 ka b.p. Since 6 ka b.p., FC has dropped by 50%
(Table 2), but much of the decrease had occurred by 2 ka b.p.

Discussion

For most regions of the study area, the early Holocene (10–
6 ka b.p.) is the time period when FC evidently increased.
The most obvious increase is found in the Qinghai-Tibet
region and the North region. It can be also clearly seen in
the Northeast and Northwest regions. Of course, most of the
Qinghai-Tibet region has low data coverage, and the change
of FC shown in the figures mainly represents the eastern part
of the Qinghai-Tibet Plateau. Data coverage is even scarcer
for the Northwest region, and the determination of FC change
is obviously affected by the availability of few data sites in
the northern Qinghai-Tibet region. In the Yangtze-Huaihe
region, which had the highest FC of all the five regions at
the beginning of the Holocene, the increase is not so signif-
icant, probably because of the buffering effect of the closed
forests in response to disturbances. This regional difference
supports the long-held view among ecologists that ecotones
and semi-arid regions are very sensitive to climate change
and/or human interference (Cui 1993; Allen and Breshears
1998).

The forest cover in most of the study area has decreased
significantly since about 6 ka b.p., with an exception in the
northern and eastern Northeast region where the decline of
FC only appears in the most recent time slice mapped and
is very small. It is also notable from Figs. 2–4 that the most
impressive drop in FC occurred in the North region, which
corresponds geographically to the middle and lower reaches
of the Yellow River. Other regions experiencing a marked
decrease in FC include the Yangtze-Huaihe region and the

Springer



124 Veget Hist Archaeobot (2007) 16:119–126

Qinghai-Tibet region. In the light of percentage decrease, the
Yangtze-Huaihe region seems less remarkable than the North
and Qinghai-Tibet regions, but it is similarly significant when
taking into consideration the small variance of FC in the
region.

In a previous work, Ren (2000) pointed out the abnormal
mid-to late Holocene decline of forests in some regions,
especially in the middle and lower reaches of the Yellow
River. Because that study analysed profile data with a high
temporal resolution, it could identify the time-transgressive
nature of the forest decline from the middle and lower reaches
of the Yellow River towards the surrounding regions. The
present research is basically consistent with the previous
results, as seen from the tremendous drop in FC in the North
and the tiny and most recent decline of FC in the Northeast.
The later decline in FC of the other regions can be also partly
detected in Figs. 2 and 3 despite the large time interval of
the maps. Much of the time-transgressive pattern, however,
is obscured in this study by the coarse temporal and spatial
resolution.

Climate change and human interference are two likely
causes for the change in FC in the study area. More ro-
bust evidence needs to be unearthed to tackle this question,
but from the present and previous research results it is very
likely that FC change prior to 6 ka b.p. was caused mainly
by climatic change, while the subsequent decline in FC was
predominantly induced by human activities. In the three east-
ern regions shown in Fig. 1, similar FC changes in the early
Holocene are visible, with a general increasing trend and a
return to lower values at 8 ka b.p. to varied extents (Fig. 4).
The more or less concurrent changes imply that they were
more probably under the influence of the spatially coher-
ent factor of climate change. In addition, human disturbance
generally leads to a decrease of FC, but the opposite is seen
between 8 and 6 ka b.p., while for the period between 10 and
8 ka b.p. there is no evidence for major human settlements. In
fact, a drying of the climate in Northeast China at 9–8 ka b.p.
and a subsequent increase in wetness have been revealed by
a multi-proxy data based reconstruction of Holocene climate
change (Ren 1999). In this part of the country, the last mil-
lennium may have been the wettest period of the Holocene,
and the driest period may have occurred between 9 and 8 ka
b.p. This reconstruction was made mainly on the basis of fos-
sil pollen data, but other lines of evidence from buried soils,
bog formation, loess deposition and black-soil development,
and lake evolution were also taken into consideration. The
change in wetness in Northeast China was attributed to the
combined effects of summer radiation/temperature and the
transgression of the Bohai Sea and the Yellow Sea with
global sea-level rise (Ren 1999). It is therefore very possible
that the decrease in FC in the early Holocene and the general
rising trend after 8 ka b.p. in Northeast China were induced
by climate change.

The change in FC after 6 ka b.p., however, is asynchronous
across the different regions. Although it is difficult to deter-
mine the difference in the timings of the onsets of FC decline
among the North, Qinghai-Tibet and Yangtze-Huaihe regions
from Fig. 4 because of the low time resolution, the regional
difference in timing of FC decline is detectable from Figs.
2 and 3. This was also pointed out in the previous work
based on the profile data (Ren 2000). From Fig. 4, however,
the difference in the initial times of FC decline between the
Northeast region and the other regions is highly significant,
which could be best explained by the fact that Northeast
China was only exploited in the last centuries. The forest
decline of the last 5000 years has been attributed to the agri-
cultural expansion from the middle and lower reaches of the
Yellow River towards the surrounding regions (Ren 1994,
2000). Rain-fed agriculture originated in the North region,
and the region was the political and economic centre of China
for much of historical time (Tan 1982; An 1991; Meyer 1994;
Loewe and Shaughnessy 1999). From the Yellow River basin
to the surrounding regions, population spread and technol-
ogy diffused. This scenario generally matches the extent and
timing of FC decline in the study area.

No matter how the decline of FC in the study area was
caused, the change in FC in such a vast area may have had sig-
nificant impacts on the past global carbon cycle and regional
climatic and environmental changes. The decline in FC may
have contributed, in part, to the increase in Holocene atmo-
spheric CO2 concentration as revealed from ice-core records
(Indermuehle et al. 1999). It is also possible that the FC
change affected the historical climate in the Yellow River
basin through the mechanics of bio-geophysical feedback.
These questions require further investigation.

Conclusions

This work reconstructs Holocene changes in forest cover in
China north of the Yangtze River based on mapped pollen
data of total arboreal taxa. The result shows a generally
increasing trend in FC from 10 to 6 ka b.p. in all regions, but
a reversal to a lower level at 8 ka b.p. in the eastern monsoon
regions, especially in the Northeast and North. FC peaks
at 6 ka b.p. in all regions except for the Northeast which
reached a maximum at 2 ka b.p. After 6 ka b.p., a marked
decline in FC occurred in most regions. In the North region,
which approximately corresponds to the middle and lower
reaches of the Yellow River and the Huaihe River basin, FC
dropped by about 90% after 6 ka b.p. In the easternmost
part of the Qinghai-Tibet Plateau and the region between the
Yangtze and Huaihe Rivers it decreased by 64% and 37%
respectively after 6 ka b.p. However, FC in the Northeast
region has increased by 15% since 6 ka b.p. even including
a notable drop between 2 ka b.p. and present. For the study
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area as a whole or northern China, FC has decreased by 50%
from 6 ka b.p. to the present.

The spatial and temporal pattern of the FC change, and
its correlation with ancient agricultural development, sug-
gest that the decline in FC after 6 ka b.p. may have been
caused predominantly by human activities, although the FC
change before that time was probably caused by climate
change. Regardless of the causes, the FC changes in China
as demonstrated here may have significantly affected the
global carbon cycle and the regional climatic changes of the
Holocene.

Acknowledgements Special acknowledgement and sincere thanks are
due to Professor H.-J. Beug for his tireless efforts in facilitating the col-
laborative research on Holocene vegetation history of northern China.
This fruitful research was initiated in the spring of 1998 when I first
visited the former Institut für Palynologie und Quartärwissenschaften,
Göttingen University, as a Humboldt Fellow (Alexander von Humboldt
Foundation, Germany) under the supervision of H.-J. Beug.

L.S. Zhang and H.-J. Beug were involved in the earlier studies upon
which this work is based. I also thank H. J. B. Birks, F. Oldfield, K.-B.
Liu, S.-M. Wang, P. Xiao and N. Shi for their constructive comments
on this paper. This study was partly supported by the 10th Five-Year
Gongguan Program of China (2001BA611B-01) and the Special Cli-
mate Change Fund of CMA.

References

Allen CD, Breshears DD (1998) Drought-induced shift of a forest-
woodland ecotone: Rapid landscape response to climate variation.
Proc Natl Acad Sci USA 95:14839–14842

An Z, Wu C, Lu Y, Zhang D, Sun X, Dong G (1990) A preliminary
study on paleoenvironment of the last 20,000 years in China. In:
Liu T (ed) Loess, quaternary geology and global change, Part 2.
Science Press, Beijing, pp 1–26

An ZM (1991) Radiocarbon dating and the prehistoric archaeology of
China. World Archaeology 23:193–200

Beerling DJ (2000) The role of the terrestrial biosphere in
Holocene carbon-cycle dynamics. Global Ecol Biogeogr 9:421–
429

Braconnot P, Joussaume S, Marti O, Noblet N (1999) Synergistic feed-
backs from ocean and vegetation on the African monsoon re-
sponse to mid-Holocene insolation. Geophys Res Lett 26:2481–
2484

Brostroem A, Coe M, Harrison SP, Gallimore R, Kutzbach JE, Foley JCI
(1998) Land surface feedbacks and palaeo-monsoons in northern
Africa. Geophys Res Lett 25:3615–3618

Casperson JP, Pacala SW, Jenkins JC, Hurtt GC, Moorcroft PR, Birdsey
RA (2000) Contributions of land-use history to carbon accumula-
tion in U.S. forests. Science 290:1148–1151

Cui HT (1993) Ecotones and climate change. In: Zhang LS (ed) Re-
search on the past life-supporting environment change of China.
China Ocean Press, Beijing, pp 316–335

Fang J-Q, Xie Z (1994) Deforestation in preindustrial China: the Loess
Plateau region as an example. Chemosphere 29:983–999

Fang JY, Chen A, Peng C, Zhao S, Ci L (2001) Changes in forest
biomass carbon storage in China between 1949 and 1998. Science
292:2320–2322

Francey RJ, Tans PP, Allison CE, Enting IG, White JW, Trollier M
(1995) Changes in oceanic and terrestrial carbon uptake since
1982. Nature 373:326–330

Fu CB (2001) Land Use and the East Asian Monsoon. Global Change
Conference, Amsterdam, 2001

Ganopolski A, Kubatzki C, Claussen M, Brovkin V, Petoukhov V
(1998) The influence of vegetation-atmosphere-ocean interaction
on climate during the mid-Holocene. Science 280:1916–1919

Hoelzmann P, Jolly D, Harrison SP, Laarif F, Bonnefille R, Pachur HJ
(1998) Mid-Holocene land surface conditions in northern Africa
and the Arabian peninsula: A data set for the analysis of bio-
geophysical feedbacks in the climate system. Global Biogeochem
Cycles 12:35–51

Houghton RA, Hackler JL, Lawrence KT (1999) The US carbon budget:
contributions from land-use change. Science 285:574–578

Huntley B, Birks HJB (1983) An atlas of past and present pollen maps
for Europe, 0–13,000 years ago. Cambridge University Press,
Cambridge

Huntley B, Webb T (eds) (1988) Vegetation history. Kluwer Academic
Publishers

Indermuehle A, Stocker TF, Joos F, Fischer H, Smith HJ, Wahlen M,
Deck B, Mastroianni D, Tschumi J, Blunier T, Meyer R, Stauffer
B (1999) Holocene carbon-cycle dynamics based on CO2 trapped
in ice at Taylor Dome, Antarctica. Nature 398:121–126

IPCC (2000) Land use, land-use change, and forestry. A Special Re-
port of the IPCC. In: Watson RT, Noble IR, Bolin B et al (eds)
Cambridge University Press, Cambridge

IPCC (2001) Climate change 2001: The scientific basis. A Contribution
of Working Group I to the Third Assessment Report of the Inter-
governmental Panel on Climate Change. In: Houghton JT, Ding
YH, Griggs DJ (eds) Cambridge University Press, Cambridge

Joos F, Meyer R, Bruno M, Leuenberger M (1999) The variability in
the carbon sinks as reconstructed for the last 1000 years. Geophys
Res Lett 26:1437–1440

Levis S, Foley JA (1999) Potential high-latitude vegetation feedbacks
on CO2-induced climate change. Geophys Res Lett 26:747–750

Liu KB, Qiu HL (1994) Late-Holocene pollen records of vegetation
changes in China: climate or human disturbance? Terrestrial At-
mos Ocean Sci 5:393–410

Loewe M, Shaughnessy EL (eds) (1999) The Cambridge History of An-
cient China: from the origins of civilization to 221 b.c. Cambridge
Unversity Press, Cambridge

Meyer MW (1994) China: A Concise History, 2nd edn. Rowman &
Littlefield, Lanham and London

Peng CH, Apps MJ (1997) Contribution of China to the global car-
bon cycle since the last glacial maximum: Reconstruction from
palaeovegetation maps and an empirical biosphere model. Tellus
49B:393–408

Peng CH, Guiot J, Campo E van (1998) Estimating changes in terrestrial
vegetation and carbon storage: using palaeoecological data and
models. Quat Sci Rev 17:719–735

Phillips OL, Malhi Y, Higuchi N, Laurance WF, Nunez PV, Vasquez
RM, Laurance SG, Ferreira LV, Stern M, Brown S, Grance J (1998)
Changes in the Carbon Balance of Tropical Forest: Evidence from
Long-Term Plots. Science 282:439–441

Prentice C, Guiot J, Huntley B, Jolly D, Cheddadi R (1996) Recon-
structing biomes from palaeoecological data: a general method
and its application to European pollen data at 0 and 6 ka. Clim
Dyn 12:185–194

Ren GY (1994) Climate, vegetation and human activities - Environ-
mental changes of Northeast China during the last 10,000 years.
Diss. Beijing Normal University

Ren GY (1998) Migration of the forest-steppe ecotone during the
Holocene period in Northeast China. Acta Ecologica Sinica 18:33–
37

Ren GY (1999) Wetness changes in the last ten thousand years in
Northeast China. Geol Rev 45:255–264

Ren GY (2000) Decline of the mid-late-Holocene forests in China:
climatic change or human impact? J Quat Sci 15:273–281

Springer



126 Veget Hist Archaeobot (2007) 16:119–126

Ren GY, Beug H-J (2002) Mapping Holocene pollen data and vegetation
of China. Quat Sci Rev 21:1395–1422

Ren GY, Zhang LS (1998) A preliminary mapped summary of Holocene
pollen data for Northeast China. Quat Sci Rev 17:669–688

Ruddiman WF (2003) The anthropogenic greenhouse era began thou-
sands of years ago. Climatic Change 61:261–293

Shi N (1991) Vegetation distribution and changes during Chinese his-
torical period. Chin Hist Geogr 3:43–73

Sun X, Chen Y (1991) Palynological records of the last 11,000 years
in China. Quat Sci Rev 10:537–544

Tan Q (1982) Historic Atlas of China, vol. 1. China Cartography Press,
Beijing

Tarasov PE, Webb T, Andreev AA, Afanas’eva NB, Berezina NA,
Bezusko LG, Blyakharchuk TA, Bolikhovskaya NS, Cheddadi
R, Chernavskaya MM, Chernova GM, Dorofeyuk NI, Dirksen
VG, Elina GA, Filimonova LV, Glebov FZ, Guiot J, Gunova VS,
Harrison SP, Jolly D, Khomutova VI, Kvavadze EV, Osipova IM,
Panova NK, Prentice IC, Saarse L, Sevastyanov DV, Volkova VS,
Zernitskaya VP (1998) Present-day and mid-Holocene biomes
reconstructed from pollen and plant macrofossil data from the
former Soviet Union and Mongolia. J Biogeogr 25:1029–1053

Texier D, Noblet N de, Harrison SP, Haxeltine A, Jolly D, Joussaume
S, Laarif F, Prentice IC, Tarasov P (1997) Quantifying the role
of biosphere-atmosphere feedbacks in climate change: coupled
model simulations for 6000 years b.p. and comparison with palaeo-
data for northern Eurasia and northern Africa. Clim Dyn 13:865–
882

Wang HJ (1999) Role of vegetation and soil in the Holocene mega-
thermal climate over China. J Geophys Res 104:9361–9367

Webb T, Cushing EJ, Wright HE (1983) Holocene changes in the veg-
etation of the Midwest. In: Wright HE Jr (ed) Late-quaternary
environments of the United States. Vol. 2. The Holocene. Univer-
sity of Minnesota Press, pp 142–165

Winkler MG, Wang PK (1993) The late-Quaternary vegetation and cli-
mate of China. In: Wright HE, Kutzbach JE, Webb T, Ruddiman
WF, Street-Perrott FA, Bartlein PJ (eds) Global climates since the
last glacial maximum. University of Minnesota Press, Minneapo-
lis, pp 221–264

Yu G, Chen X, Ni J, Cheddadi R, Guiot J, Han H, Harrison S, Huang
C, Ke M, Kong Z, Li S, Li W, Liew P, Liu G, Liu J, Liu Q, Liu K,
Prentice IC, Ren G, Qui W (2000) Palaeovegetation of China: a
pollen data-based synthesis for the mid-Holocene and last glacial
maximum. J Biogeogr 27:635–664

Zhu S (1992) Vegetation changes of Northeast China during historical
period. Chin Hist Geogr 4:105–119

Springer



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

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


