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We present here examples of pollen-based 
REVEALS (Sugita 2007) reconstructions of 
past regional plant cover in Eastern China 
(Fig. 1) to demonstrate the potential of such 
reconstructions to (i) answer questions on 
past land-use and related land-cover change, 
and (ii) produce more realistic reconstructions 
of past anthropogenic land-cover change 
that can be used in the study of climate-land-
use interactions in the past. For instance, the 
scenarios of past anthropogenic land-cover 
change commonly used by climate modelers 
(Klein Goldewijk et al. 2011) were shown to 
diverge significantly from other ALCC sce-
narios for several periods of the Holocene and 
regions of the globe, among other for Eastern 
China (Gaillard et al. 2010). China is one of the 
key regions of the globe where agricultural 

civilizations already flourished from ca. 7 
ka BP and therefore plays an important role 
in land use-climate interactions over the 
Holocene. Pollen-based quantitative recon-
structions of past land cover can be used to 
evaluate ALCCs (e.g. Kaplan et al. 2017). The 
REVEALS reconstructions presented here 
are part of a larger study within the PAGES’ 
LandCover6k working group, covering tem-
perate and northernmost subtropical China (Li 
2016), and will be used to evaluate the existing 
ALCC scenarios in China. 

Li (2016) uses the REVEALS model to esti-
mate past regional plant cover from fossil 
pollen data with a standardized dataset of 
relative pollen productivity estimates (RPPs). 
Li (2016) groups several pollen records from 

the same region (e.g. site group 3, 9, etc. in 
Fig. 2) following the strategy adopted for 
Europe (Trondman et al. 2015) to increase the 
reliability of the REVEALS estimates. The time 
windows follow the standard scheme of the 
LandCover6k project, i.e. modern (age of the 
peat or lake-sediment sequence’s top) to 0.1 
ka BP, 0.1-0.35, 0.35-0.7 ka BP, and continu-
ous 500-year intervals from 0.7 to 11.7 ka BP. 
REVEALS estimates were calculated for the 31 
taxa for which RPPs are available. Some plant 
taxa were then grouped into plant functional 
types (PFTs; Fig. 2), i.e. “temperate decidu-
ous trees” (e.g. oak, ash, elm, linden) and 
“subtropical evergreen trees” (e.g. chinqua-
pin, ring-cupped oak), and “other herbs and 
cultivated trees”. PFT is a concept adopted 
by ecologists to represent broad groupings 
of plant species that share similar life forms 
and physiological mechanisms. In that sense, 
“other herbs and cultivated trees” is not 
exactly a PFT, but it rather groups all pollen 
types/plants that might have been part of 
human-modified vegetation due to agricul-
ture. One of the dominant pollen types in 
this group is Artemisia (genus including up to 
400 species in the world with diverse names 
such as mugwort, sagewort, wormwood, etc.). 
Chestnut and walnut are also included in 
“other herbs and cultivated trees” as species 
of both genera have long been cultivated in 
Eastern China, but walnut also grows in the 
temperate-deciduous woodland zone. The 
sedge family is included in the reconstruction, 
although plants from this family often grow 
locally at the study sites, which might be the 
case in site groups 9, 13 and 14. 

Similar to Europe, herbaceous vegetation is 
strongly underrepresented in pollen per-
centages, and pine (Pinus) and birch (Betula) 
are overrepresented when compared with 
broad-leaved trees (Fig. 2). One taxon among 
herbs, Artemisia (see above), is strongly over-
represented by pollen. Therefore, in the cases 
where Artemisia is dominant in “other herbs 
and cultivated trees”, the REVEALS estimated 
cover of total herbs or “open land” is lower 
than the pollen percentages, especially in site 
groups 3, 9 and 10 (Fig. 2).

Do decreases in total tree cover reflect 
anthropogenic land-use change? 
Open land is not necessarily due to human 
activities and changes in its cover do not 
need to be human-induced. There are ways 
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Figure 1: (A) Location of the study region. (B) Location of the site groups used for the pollen-based REVEALS 
reconstructions presented in this paper (dark red circles). Black circles indicate the additional site groups used in 
the full study by Li (2016). Dark red stars: location of the archaeological sites mentioned in the text: (a) Hemudu/
Tianluoshan; (b) Liangzhu; (c) Shangshan. 
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to estimate the percentage of variation in pol-
len assemblages explained by, for example, 
climate versus human activities (Marquer et al. 
2017), but these methods cannot extract the 
proportion of human-induced deforestation. 
Other lines of evidence such as archaeologi-
cal and historical data syntheses are required 
to cross-check the interpretation of pollen-
based land-cover change. 

There is little change in wooded land cover 
over the Holocene in the southern part of 
the coniferous-deciduous mixed forest (II: 
site group 3). It suggests that human impact 
on the regional vegetation cover was weak 
except during the last 500 years, which the 
low number of archaeological evidence from 
this region also suggests. In the southern 
part of the temperate steppe zone (VI: site 
groups 9, 10), the total herb cover or “open 
land” (Fig. 2) increases at the expense of 
“woodland” from 6 ka (site group 10) and 4 ka 
BP (site group 9). Numerous archaeological 
sites in this region indicate widespread human 
activity during the Mid Holocene (Hosner et 
al. 2016), and foxtail millet and broomcorn 
millet remains suggest that domestication of 
crops started ca. 7.5 ka BP (Zhao 2014). The 
distinct increase in open land cover from ca. 
6 ka BP can therefore be assigned to large 
anthropogenic deforestation, with losses of 
ca. 40% (site group 9) to ca. 70% (site group 
10) woodland cover between 6 ka BP and 
recent time (1500-1800 CE), and ca. 30% (site 
group 10) to ca. 40% (site group 9) between 
4 and 2.5 ka BP. The distinct decrease in total 
tree cover or “woodland” from ca. 2 ka BP in 
the coastal area of the temperate-deciduous 
woodland zone (III: site group 13) probably 
relates to the first peak in population numbers 

at the beginning of the Han dynasty, 2.2-1.98 
ka BP (Twitchett and Loewe 1995).

In the northern part of the subtropical broad-
leaved evergreen and deciduous woodland 
zone (IV: site groups 14, 16), a clear increase in 
open land occurs from 6.5 and 7.5 ka BP in site 
groups 14 and 16, respectively. The recon-
struction from site group 14 (5 sites) is prob-
lematic for the time period 7-5.5 ka BP due 
to differences in timing of land-cover change 
between the sites or, more likely, problems 
of chronology for one or several sites. It is not 
possible, therefore, to date with certainty the 
age of the first loss in woodland cover (ca. 
20-25%) in the area from this reconstruction. 
The earliest date would be between ca. 7 and 
6.5 ka BP and the younger date between ca. 
6 and 5.5 ka BP. A woodland-cover loss of ca. 
15% occurred between ca. 1.5 and 1 ka BP. 
The reconstruction from site group 16 shows 
a woodland-cover loss of ca. 35% between 6 
and 4 ka BP and ca. 30% between 3.5 and 3 ka 
BP. Pollen, charcoal and phytolith evidence at 
three archaeological sites in the lower Yangtze 
River region (Fig. 1) suggest that human 
influence started around 7 ka BP, substan-
tial human impacts occurred at 4.7 ka BP, 
and widespread human activities expanded 
around 2.8-2.2 ka BP (Atahan et al. 2008). 
Site group 14 is located close to the archaeo-
logical sites Shangshan (dated to ca. 10 ka 
BP), Hemudu/Tianluoshan (7.5-6 ka BP), and 
Liangzhu (5.2-4.3 ka BP) (Fig. 1). Evidences 
from the Shangshan site suggest the use of 
rice by humans, but whether it is domesti-
cated or wild rice is not clear. Evidences from 
the Hemudu and Tianluoshan sites indicate 
a transition process from domestication ca. 
7.5 ka BP to cultivation ca. 6 ka BP, while the 

findings at the Liangzhu site suggest a rapid 
development of rice agriculture around ca. 
5 ka BP (Zhao 2010). The latter supports the 
pollen-based evidence of a significant early 
deforestation from ca. 6 ka BP (possibly earlier 
but not older than ca. 7 ka BP) and a subse-
quent increase of woodland loss over the Mid- 
and Late-Holocene (from ca. 6-5.5 ka BP).

The examples above demonstrate the po-
tential of pollen-based REVEALS reconstruc-
tions of past plant cover in conjunction with 
archaeological and historical data to quantify 
woodland loss due to deforestation over the 
Holocene. These reconstructions show good 
agreement with syntheses of archaeological 
studies indicating that humans transformed 
the landscapes of central-eastern temper-
ate and northern China since ca. 7 ka BP, 
with substantial increases of the number of 
archaeological sites recorded after ca. 7 ka BP 
and between ca. 4.5 and 3 ka BP (e.g. Wagner 
et al. 2013; Wagner and Tarasov 2014). The 
REVEALS reconstructions also suggest that 
the HYDE 3.1 scenarios of Holocene anthropo-
genic land-cover change (Klein Goldewijk et 
al. 2011) commonly used in climate modeling 
strongly underestimate the degree of past 
anthropogenic deforestation in eastern tem-
perate and northern subtropical China.
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Figure 2: Comparison of pollen (left panel in each group of diagrams) with REVEALS estimates of plant cover, 
i.e. “vegetation cover” (right panel in each group of diagrams) in proportion for six site groups. “Temperate 
deciduous trees”: ash, oak, linden, elm, rose family; “evergreen subtropical trees”: chinquapin, ring-cupped oak, 
oleaster family, coffee family; “other herbs and cultivated trees”: Artemisia (mugwort, sagewort, wormwood, etc.), 
hemp (Cannabis)/hop, buttercup family, aster/composite family, mustard family, pink family, amaranth/goosefoot 
families, morning glory family, legume family, mint family, lily family, knotweed/buckwheat family, chestnut tree 
and walnut tree.
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