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Based on paleoclimatic reconstructions using various proxies, the Holocene Climate Optimum (10.5–6 ka)
has been characterized as a warmer and wetter period in most of East Asia. The summer monsoons asso-
ciated with the East Asian Monsoon evidently intensified and extended further inland from the Pacific
Ocean, a source region of moisture. A notable exception to this general pattern exists in northeast China,
where less wet conditions are recorded. We determined molecular compositions of individual plant wax
hydrocarbons and their hydrogen isotope compositions (dD values) in a radiocarbon-dated peat core
recovered from the Hani marsh in Jilin Province (China) and confirmed that the temperature-dependent
effective precipitation in northeast China decreased during the Holocene Climate Optimum. A combina-
tion of Paq, an indicator of the relative contribution of aquatic to terrestrial plants, and the difference in dD
between low (C23, C25 and C27) and high molecular weight (C31) n-alkanes in the Hani peat bog indicates a
dramatic change in vegetation from the deglaciation to the Holocene. No significant differences were
observed between the dD values of low and high molecular weight n-alkanes with relatively high dD val-
ues and low Paq during the early Holocene, indicating that all n-alkanes were produced by evapotranspi-
ration-sensitive terrestrial plants during that time. However, lower dD values of mid-chain n-alkanes (C23,
C25 and C27) relative to the long chain n-alkane (C31), together with higher Paq values during the deglaci-
ation (14–11 ka), suggest an increase in the contribution of aquatic plants and a higher water level during
the period. The study demonstrates that northeast China was under a markedly wetter climate condition
during the late deglaciation. For the 16 kyr record in the Hani peat sequence, we infer that moisture deliv-
ery by the East Asian Monsoon was relatively invariable in northeast China, but increased evaporation
during the warmer Holocene Climate Optimum reduced the effective precipitation, defined by the bal-
ance between precipitation and evaporation.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Peat deposits are important archives for reconstructing conti-
nental paleoenvironmental histories (cf. Blackford, 2000). The
moist environments in which peat forms encourage growth of vas-
cular plants and retard decomposition of their remains to produce
thick accumulations of organic-rich material that can be used for
high resolution paleoenvironmental reconstructions. The balance
among precipitation, evapotranspiration and outflow determines
the water depth in a particular bog, which in turn controls the kind
and abundance of bog plants and their preservation as peat. Cli-
mate changes modify this balance by altering the precipitation of
water and its temperature-sensitive evaporation. These changes
ll rights reserved.
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can be recorded in the organic geochemical and paleoclimatic
proxies of the peat layers that were deposited at different stages
in the bog history.

Peat bogs are extensively distributed in northeast China. Some
have been studied for the cimate-influenced Holocene evolution
of biological environments (Liu, 1989; Hong et al., 2001, 2003).
These and other studies confirm that northeast China has been sen-
sitive to postglacial climate changes (Zhou et al., 2001; Jiang et al.,
2006). The region lies on a steep precipitation gradient between
sub-polar Siberia and the Sea of Japan. The climate in East Asia is
associated with the development of the East Asian Monsoon. The
winter component of this system consists of the transport of cold
and dry air masses that originate from the Siberian high pressure
and their subsequent outflow towards the Pacific Ocean. Summer-
time heating in North Asia creates low pressure over Siberia. Warm
and moist air masses are then transported towards Siberia from
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the Pacific Ocean, providing the precipitation in northeast Asia. The
consequence is annual alternations between dry winters and wet
summers.

Paleoenvironmental proxies such as pollen, plant macrofossil
and humification indices as well as carbon and oxygen isotopic
compositions of cellulose isolated from peat cores have been used
to reconstruct the historical postglacial and Holocene evolution of
climate in various parts of the world (Barber et al., 1994; Blackford,
1995; Pendall et al., 2001; Hong et al., 2001, 2003; Zhou et al.,
2004; Xu et al., 2006). Analysis of biomarker lipids from peat sam-
ples have also been used for reconstruction of paleovegetation and
associated paleoclimate history (Ficken et al., 1998; Nott et al.,
2000; Baas et al., 2000; Xie and Evershed, 2002; Xie et al., 2000,
2004; Pancost et al., 2002, 2003; Disnar et al., 2005; Zhou et al.,
2005; Nichols et al., 2006; Zheng et al., 2007; Hou et al., 2007).
Most investigators have interpreted their proxy evidence of paleo-
environmental changes in terms of precipitation-induced varia-
tions in past bog water levels. In particular, the amount of
precipitation delivered to the peat-forming plants during the sum-
mer season has been postulated to be the major paleoclimate fac-
tor recorded in peat sequences (Charman et al., 2004; Charman,
2007). The water levels in peat bogs can also be controlled by
the effective precipitation – the difference between precipitation
and evaporation (Barber et al., 2000; Barber and Langdon, 2007).
This parameter is largely determined by summer temperatures.
Changes in water levels owing to changes in either precipitation
or temperature are clearly important to paleoclimatic reconstruc-
tion derived from peat sequences.

A novel approach for reconstructing changes in hydrological cy-
cles is to measure hydrogen isotopic compositions (dD values) of
individual biomarkers representative of submerged peat-forming
plants that are protected from evaporation and of emergent and
land plants that are sensitive to temperature-influenced evapo-
Fig. 1. Map of East Asia and Pacific Ocean sh
transpiration (Xie et al., 2000, 2004). Here, we present the hydro-
gen isotope compositions of plant wax n-alkanes from a
radiocarbon-dated peat core in northeast China. The results allow
us to infer a less moist Holocene Climate Optimum in the region,
in contrast to most parts of East Asia. We discuss the significance
of this finding in terms of the local evolution of the East Asian Mon-
soon system over the past 16 cal kyr.

2. Samples and analysis

2.1. Setting and stratigraphy of Hani peat deposit

The Hani peat bog (42�130N, 126�310E) is located near Liangshui
in Hani County of Jilin Province (Fig. 1) at an elevation of 900 m on
the western flank of Changbai Mountain. The peat covers an area of
1680 h m2 in a swampy, shallow lake that is the origin of the Hani
River. Because the swamp water originates mainly from ground-
water and precipitation, the sedimentary environment is stable
and the swamp has developed a peat layer more than 960 cm thick
over thousands of years. Peat is still forming in the broad and shal-
low lake.

This region is characterized by a continental humid climate,
that is, a long cold winter and short cool summer. The present
mean annual temperature is 4 �C and seasonal mean temperature
ranges between �18 �C in January and 22 �C in July. Spring is gen-
erally windy and dry, and autumn is cool. The annual mean precip-
itation is 743 mm, mostly falling as rain from May to September.
Because precipitation exceeds evaporation in the area, water avail-
ability has been sufficient to sustain a swampy, peat-forming envi-
ronment since the late Pleistocene.

The core is 963 cm long and was collected from near the center
of the bog. Its topmost layer (26 cm) is composed of undegraded
grass fragments. This layer is followed by light-brown peat
owing sampling site of Hani peat core.
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(26–66 cm) and then brown peat (66–126 cm). From 126 to
246 cm, the sequence consists of dark-brown peat that is underlain
by light-brown peat with abundant plant debris (246–316 cm).
From 316 to 606 cm, the peat is again dark brown. From 606 to
640 cm, a mixed layer of light-brown peat and coarse sand occurs.
Dark-brown peat again returns from 640 to 726 cm. From 726 to
930 cm, the sequence consists of black-brown peat. A thin layer
of dark gray mud forms the 930–963 cm basal unit of the core.
The core was transported intact to the laboratory in Xi’an where
it was sampled at 1 cm intervals.

2.2. Chronology of core

Preparation of samples for 14C accelerator mass spectrometry
(AMS) dating of the profile followed the protocol described by
Zhou et al. (2002, 2004). Samples were wet sieved to obtain the
90–300 lm fraction, to eliminate rootlets and silt particles. The
fraction was processed with an acid–base–acid treatment to re-
move soluble organic matter (OM) that might have percolated into
the peat layers. OM from seven core horizons was isolated with
this treatment, converted to graphite and sent to the NSF-AMS
Facility at the University of Arizona for dating. Calibrated calendar
ages were obtained from the 14C ages measured on the seven hori-
zons using CALIB 4.3 software (Stuiver and Reimer, 1993; Stuiver
et al., 1998). The measured accumulation rate averages 16.5 ca-
l yr/cm and the basal age of the entire 9.6 m core sequence is
16 cal ka (Fig. 2).

2.3. Lipid analysis

The air dried samples were ground to <177 lm in preparation
for lipid analysis. Depending on total organic carbon (TOC) concen-
tration, ca. 1–2 g dried peat were ultrasonically extracted with
CHCl3. Each sample was extracted (5 � 15 min each); the com-
bined extracts were combined and concentrated using a rotary
evaporator under reduced pressure and transferred to a small vial.
The remaining solvent was evaporated with a N2 stream and the
total extract weighed. The extract was separated into saturated
hydrocarbons, aromatic hydrocarbons and non-hydrocarbon frac-
tions via silica gel column chromatography (250 lm) and sequen-
tial elution with n-hexane, benzene and MeOH.

A Hewlett–Packard (HP) 6890 plus gas chromatograph
equipped with an HP-5MS fused silica column (30 m � 0.25 mm
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Fig. 2. Age-depth plots for Hani peat core samples from northeast China.
i.d., 0.25 lm film thickness) and interfaced to a Hewlett–Packard
5973 mass spectrometer was used for gas chromatography-mass
spectrometry (GC–MS) identification of compounds. The GC oven
temperature was programmed from 70 to 280 �C (held 20 min) at
3 �C/min. He was used as carrier gas. Components were identified
from comparison of retention times and mass spectra with those of
reference compounds. Quantification of n-alkanes was achieved
with a GC instrument similar to that described above but equipped
with an on-column injector, a CPSIL-5 CB fused silica column
(60 m � 0.32 mm i.d., film thickness 0.25 lm) and flame ionization
detector. The GC oven temperature was programmed from 50 �C to
120 �C at 30 �C/min and then 120 �C to 310 �C (held 20 min) at
5 �C/min.

2.4. Stable hydrogen isotope analysis

Compound-specific dD values of individual long chain n-alkanes
were determined using a GC/thermal conversion system consisting
of a HP 6890 gas chromatograph connected to a Finnigan MAT Del-
ta Plus XL mass spectrometer. Separation was achieved with a DB-
5 MS fused silica column (30 m � 0.32 mm i.d., film thickness
0.25 lm) with a cooled on-column injector. The GC oven tempera-
ture was programmed from 50 to 120 �C at 30 �C/min, and to
310 �C (held 20 min) at 5 �C/min. The flow rate of He carrier gas
was 1.8 ml/min. Thermal conversion was performed at 1450 �C in
a microvolume ceramic tube coated with glassy carbon. Analytical
errors for most n-alkane dD values are ±5‰ and errors of reported
values never exceed ±7‰. The methyl ester of n-C20 alkanoic acid
was coinjected with each sample as an internal standard for isoto-
pic measurements of n-alkanes. After correcting for the contribu-
tion of H3

+ to the mass 3 beam (Sessions et al., 2001), the
deuterium/hydrogen (D/H) ratios can be calculated by integrating
the mass 2 and mass 3 signals. The Hþ3 factor was determined by
observing changes in the (mass 3)/(mass 2) ion current ratio as
the pressure of H2 in the ion source was varied by adjustment of
the variable volume inlet.
3. Results and discussion

3.1. Variation in molecular distributions of n-alkanes in Hani peat core

The sources of n-alkanes can be roughly inferred from their dis-
tributions. This inference is based on the observation that the dis-
tributions significantly depend on the environments where plants
grow (Ficken et al., 2000). Distributions in aquatic plants (sub-
merged and floating) are characterized by a predominance of mid
chain lengths such as C23 and C25 while those of terrestrial plants
(sub-aerial) are dominated by long chain homologues (>C29; Ficken
et al., 2000; Nott et al., 2000). Emergent aquatic plants have a dis-
tribution pattern midway between those of non-emergent and ter-
restrial plants (Ficken et al., 2000). Based on modern plant data,
Ficken et al. (2000) defined a new proxy, Paq, that approximates
the proportions of aquatic macrophyte vs. emergent and terrestrial
plant inputs to lacustrine sediments:

Paq ¼ ðC23 þ C25Þ=ðC23 þ C25 þ C29 þ C31Þ

Because vegetation in a bog environment significantly depends on
water level, Paq can also be used to assess changes in water level
in the past (Nichols et al., 2006).

Paq values in the core range from 0.1 to 0.6 over the last 16 kyr
(Fig. 3a). The values are relatively high (0.4–0.5) during the latest
deglaciation (15–11 ka), decrease towards the Holocene and then
reach minimum values (0.1–0.2) at the early Holocene Climate
Optimum (9–6 ka). Relatively high values (more than 0.4) during
the deglaciation indicate a predominance of aquatic plants in the
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bog at the time. In contrast, the values in the Holocene mostly fall
within the range 0.1–0.3, suggesting that the primary source of n-
alkanes was generally emergent and/or terrestrial plants in that
period.

3.2. Biological and environmental controls on plant derived n-alkane
dD values

The dD values of plant derived n-alkanes are influenced by the
isotopic composition of the water utilized by plants, the isotopic
fractionation of water after its incorporation into plants, and kinetic
isotopic fractionation during biosynthesis of the n-alkanes. Meteoric
water is the primary source of hydrogen for most plants, and its D/H
ratio is determined by multiple environmental factors, including
origin of the water and the temperature, evaporation, and precipita-
tion history of the air mass that delivers moisture to its destination
(Craig, 1961; Gat, 1996). In general, meteoric water from cooler re-
gions at higher latitude or altitude has more negative dD values than
that from warmer regions at lower latitude or altitude. This general-
ization is illustrated by way of a progressive increase in dD values of
C29 n-alkane from�225‰ at 69�N to�175‰ at 41�N in modern sed-
iments from a north–south transect of European lakes (Sachse et al.,
2004). The biosynthesis of n-alkanes discriminates against deute-
rium (Sternberg, 1988; Sessions et al., 1999; Smith and Freeman,
2006). Consequently, n-alkanes of aquatic plants have dD values
155–160‰ more negative than their host water (Sessions et al.,
1999; Huang et al., 2004) and those of C3 grasses grown under con-
trolled conditions in greenhouses are 165‰ more negative than
their water supply (Smith and Freeman, 2006).

Because of the large mass difference, D and H are strongly frac-
tionated in plants by environmental and biosynthetic processes.
Evapotranspiration by land plants proceeds faster for H2O than
for D2O, with a consequence that deuterium becomes relatively en-
riched in their leaf waters (e.g. Terwilliger and DeNiro, 1995). This
enrichment is variably influenced by temperature and humidity,
making the dD values of land plant n-alkanes sensitive to climate
change (e.g. Liu and Huang, 2005; Smith and Freeman, 2006;
Sachse et al., 2006; Hou et al., 2007). Unlike land plants, aquatic
plants that are immersed in water do not experience evapotranspi-
ration and their n-alkane dD values are governed largely by the
hydrogen isotopic composition of their host water (Sternberg,
1988; Sessions et al., 1999; Huang et al., 2004). Based on this
observation, the difference in dD values (DdD) between the lower
(more aquatic origin) and higher (more terrestrial origin) molecu-
lar weight n-alkanes can be used as a paleo-proxy for the precipi-
tation/evaporation balance of a lake water system if source
intensities of both low and high molecular weight n-alkanes did
not change in the past (Mügler et al., 2008). Alternatively, the dD
of n-alkanes would also be potentially influenced by changes in rel-
ative contributions of aquatic and terrestrial plant inputs to sedi-
mentary n-alkanes. In such a case, the dD and DdD of n-alkanes
would significantly reflect a change in vegetation as well as a
change in the dD of the water that plants uptake.

The durability of lipid dD values to retain a reliable record of
paleoenvironmental conditions seems to be quite strong. In a study
of the Miocene (15–20 Ma) Clarkia paleolake deposit of Idaho, Yang
and Huang (2003) compared the dD compositions of individual n-
alkanes and n-alkanoic acids of compressional leaf fossils from
three genera of trees and of the sediment matrix that held the fos-
sils. Distinctive dD patterns of three types of leaf fossils and sedi-
ments indicate that leaf lipids retain their original isotopic
compositions. A difference of about �120‰ between the dD values
of fossil leaf lipids and sediment water is additional evidence that
isotopic exchange with fossil porewater hydrogen has not occurred
over the time span of many millions of years in these paleolake
sediments. Comparison of dD of n-alkanes in torbanite (Late Car-
boniferous to the Late Permian) taken from different climatic loca-
tions revealed distinctive latitudinal patterns of dD values with up
to 70‰ difference between tropical and high latitude sites, sug-
gesting that that their indigenous dD signatures were preserved
for 260–280 million years (Dawson et al., 2004). Furthermore,
Dawson et al. (2005) measured dD of hydrocarbons in sediments
of various maturity and crude oils and found that the n-alkanes
generally remain at a constant isotopic composition, while pristane
and phytane became enriched in D with increasing maturity.

3.3. Variation in n-alkane dD values

The dD values of C23, C25, C29 and C31 n-alkanes range from
�240‰ to �200 ‰ over the last 16 kyr (Fig. 3b–e). Unfortunately,
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in the Holocene interval of evidently drier climate, we could not
obtain enough material for hydrogen isotopic analysis of the C23

and C25 n-alkanes that are typical of non-emergent plants. In gen-
eral, dD values of all the n-alkanes show similar temporal varia-
tions, with significant depletion in deuterium during the last
deglaciation (15–11 ka) and the mid to late Holocene (6–0 ka),
and less depletion in the early Holocene (10–7 ka). In particular,
values of the C27 n-alkane show a large variation. More negative
dD values in the deglaciation suggest an increase in precipitation
or a decrease in evaporation during this period, while in the early
Holocene less negative values are an indication of lower precipita-
tion or drier conditions during the early Holocene Climate Opti-
mum. These results are consistent with the changes evident in
the Paq values.

Hydrogen isotopic differences between high (HMW) and low
molecular weight (LMW) n-alkanes allow estimation of changes
in effective moisture or plant types in the past (Mügler et al.,
2008). In a humid climate where precipitation exceeds evapotrans-
piration, it is expected that n-alkane hydrogen isotopic values
should be more negative when the population of aquatic plants in-
creases (LMW n-alkanes) compared to those of terrestrial plants
(HMW n-alkanes) because n-alkanes derived from submerged
aquatic plants are not affected by evapotranspirative enrichment,
unlike those from terrestrial plants (Mügler et al., 2008). On the
other hand, if evaporation significantly exceeded precipitation,
lake water dD would be heavier than the source precipitation. This
situation leads to an enrichment of aquatic n-alkanes compared to
terrestrial plant derived n-alkanes (Mügler et al., 2008). Under ex-
tremely low water level conditions, it would be expected that n-al-
kanes originate from a single plant type (either terrestrial or
aquatic plants). Such a case would result in no difference in dD val-
ues between LMWand HMW n-alkanes.

The differences in dD values of C31 and C23 n-alkanes
(DdDC31-C23), C31 and C25 n-alkanes (DdDC31-C27) and C31 and C27

n-alkanes (DdDC31-C27) in the core are plotted in Fig. 4b. Although
the overall variation patterns in all the n-alkane isotopic records
are similar over the last 16 kyr, we found that the hydrogen isoto-
pic difference (DdD) among C25, C27 and C31 n-alkanes significantly
varied with time. The DdDC31-C25 and DdDC31-C27 in the sequence
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squares) and dD between C31 and C27 n-alkanes (solid triangles) in Hani peat core, (c) sed
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range between�6‰ and 16‰ and between �9‰ and 17‰, respec-
tively. The variation patterns of DdD records correlate well with Paq

and sedimentation rate records. When the DdD value positively in-
creases, Paq and sedimentation rates (Fig. 4c) are high, and vice ver-
sa. In particular, the strong similarity in DdD and Paq records
suggests that DdD records in the core largely reflect changes in
vegetation rather than a change in effective precipitation. This
interpretation is supported by large variability in dD of the C27 n-al-
kane. Because the C27 n-alkane can be produced by both terrestrial
and aquatic plants (Ficken et al., 2000), its dD values would be
more sensitive to change in vegetation relative to other n-alkanes.
The more negative dD values of C23, C25 and C27 n-alkanes relative
to n-C31 during the deglaciation suggest an increase in the contri-
bution from aquatic plants to the sedimentary C23, C25 and C27 n-al-
kanes, implying a wetter paleoclimate. In contrast, the early
Holocene interval is characterized by small DdD and lower Paq val-
ues with relatively more positive dD values, suggesting that n-al-
kanes in this period largely originated from evaporation-sensitive
terrestrial plants. This may suggest a decreased water level and
thus drier conditions in the early Holocene.

3.4. Implications for past changes in the effective precipitation in
northeast China

We combine molecular distributions and compound specific dD
values of n-alkanes to reconstruct the paleoclimate history in the
northeast China. Our dD records of individual n-alkanes in the Hani
peat sequence provide evidence for variability in the water level
and bog swamp vegetation in northeast China during the postgla-
cial periods. The deglaciation is characterized by depletions in
plant wax deuterium, the most negative DdD values and the high-
est Paq values (Fig. 3). These features strongly indicate that precip-
itation significantly exceeded evaporation, so relative humidity
was high, resulting in the highest water level in the bog during
the latest Pleistocene–Holocene period. An enhanced rate of peat
accumulation supports our interpretation (Fig. 4c). In general, peat
effectively accumulates under wet conditions, while dry conditions
suppress its formation. Higher accumulation rates during the
deglaciation and late Holocene suggest wetter conditions during
Japan Sea
SST (˚C)

10 12 14 16 18 20

(c) (d)
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imentation rate in Hani peat core and (d) alkenone-derived sea surface temperature
Gaussian weighted running mean of DdD difference between C31 and C27 n-alkanes.
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these periods. On the other hand, a decrease in accumulation rate
in the early Holocene (Fig. 4c) conforms to our biomarker records,
that clearly indicate a dry condition during this period.

Evidence for significantly wetter conditions around northeast
China in the deglaciation also comes from different proxy records
in lacustrine sediments (An et al., 2000; Schettler et al., 2006). Dra-
matic increases in the accumulation rate of biogenic silica, which is
indicative of ground water inflow into the lake, have been reported
for nearby Lake Sihailongwan sediments deposited during the
deglacial warm period (14.3–12.5 ka and around 11 ka; Schettler
et al., 2006). An et al. (2000) compiled several paleoclimate records
based on sedimentary facies and fossil remains from lakes and
swamp deposits in northeast China and concluded that lake water
level reached a maximum during the deglaciation. Moreover, or-
ganic geochemical study of Okhotsk Sea sediments (Seki et al.,
2003) demonstrates that a maximum in effective precipitation oc-
curred in northeast China during the last deglaciation. Down core
profiles of terrestrial plant-derived n-alkanes and mass accumula-
tion rates in the sediment cores showed maxima during the degla-
ciation, suggesting an increased input of terrestrial material during
this period. The Amur River, one of the largest rivers in the world, is
on the border of China and Russia (Fig. 1). It delivers large quanti-
ties of terrestrial material to the Sea of Okhotsk. An increase in run
off from the Amur River, owing to increased precipitation during
the deglaciation, likely contributed to enhancing the deglacial out-
flow of terrestrial material into the Sea of Okhotsk (Seki et al.,
2003).

In contrast, less negative dD values, the smallest DdD and the
lowest Paq values during the early Holocene Climate Optimum
(Figs. 3 and 4) indicate that climate conditions were significantly
drier, with evaporation exceeding precipitation, and thus a lower
water level in the peat bog. The change is consistent with biogenic
silica records in Lake Sihailongwan that indicate reduced rainfall
between 9.5 and 8 ka (Schettler et al., 2006). An increase in DdD
and a decrease in the n-alkane dD values around 6 ka indicate that
after the Holocene Climate Optimum (dry conditions), the climate
returned to wetter conditions.

Moisture evolution in northeast China over the last 16 kyr was
evidently different from the history of a peak in the warmer and
wetter climate in central Asia that accompanied a strengthened
summer monsoon during the Holocene Climate Optimum (Zhou
et al., 2001; Herzschuh, 2006; Jiang et al., 2006). This difference
suggests that postglacial climate evolution in northeast China
was a more regional phenomenon, that might be more sensitive
to changes in evaporation than precipitation. Interestingly, the
Hani peat biomarker records match well with sea surface temper-
ature (SST) records in the Sea of Japan reconstructed from sedi-
mentary alkenone compositions (Fig. 4d; Ishiwatari et al., 2001).
SST was relatively low (13–14 �C) during the deglaciation. At the
transition to the Holocene interval (11–10 ka), it sharply increased
and reached a maximum (18 �C) around 8 ka and then decreased
around 5 ka in the mid Holocene. The rise and fall in SST in the
Sea of Japan coincide with the paleoclimate transitions recorded
in biomarker profiles of the Hani peat core, suggesting a strong cli-
matic linkage between northeast China and the Sea of Japan. This
correspondence suggests that local SST change in the Sea of Japan
may have influenced effective precipitation over nearby northeast
China over the last 16 kyr. Relatively cold SSTs in the deglaciation
resulted in a cool temperature in the continent, suppressing the
evaporation rate. Conversely, warming SSTs in the Sea of Japan in
the early Holocene would further raise the warmer temperatures
of the Holocene Climate Optimum on the nearby continental re-
gion. The additional warming of the land surface would enhance
evaporation relative to precipitation, diminishing effective precip-
itation and creating a drier climate in northeast China during the
Holocene Climate Optimum.
4. Summary and conclusions

We measured compound specific hydrogen isotopic composi-
tions and molecular distributions (Paq) of leaf wax biomarkers (long
chain n-alkanes) in a core of peat from the Hani bog of northeast
China, to reconstruct local changes in effective precipitation and
land vegetation over the last 16 kyr. The combination of n-alkane
hydrogen isotopic compositions, Paq, and other indicators of water
level and precipitation, reveals a sequence of moisture-driven
paleoclimate changes in northeast China. This organic geochemical
record indicates that summer monsoon effective precipitation max-
imized in the deglaciation (15–11 ka), minimized during the Holo-
cene Climate Optimum (10.5–6 ka), and then became somewhat
wetter in the late Holocene. The observed paleoclimate pattern in
northeast China after the postglacial period is different from that
of south China, where Asian monsoon-related precipitation maxi-
mized in the early Holocene Climate Optimum. We found that the
effective precipitation change in the core resembles the change in
the sea surface temperature of the Sea of Japan (Ishiwatari et al.,
2001), suggesting a regional climatic linkage between northeast
Eurasia and the Sea of Japan. The study suggests that the effective
precipitation pattern in northeast China has been significantly
influenced by sea surface temperatures of the Sea of Japan.
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