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Abstract Short sediment cores retrieved from Bosten Lake, the largest inland freshwater lake in
China, were used to explore humidity and precipitation variations in arid central Asia during the past
millennium. The chronology of the cores was established using **’Cs, ?°Pb and AMS **C dating re-
sults. Multi-proxy high-resolution analysis, including pollen ratios of Artemisia and Chenopodiaceae
(A/C), carbonate content and grain size, indicates that the climate during the past millennium can be
divided into three stages: a dry climate between 1000— 1500 AD, a humid climate during the Little Ice
Age (LIA) (c. 1500—1900 AD), and a warm dry period after 1900 AD. On centennial timescales, the
climate change in northwestern China during the past 1000 years is characterized by oscillations
between warm-dry and cold-humid climate conditions. All the proxies changed significantly and indi-
cate increased precipitation during the LIA, including increased pollen A/C ratios and pollen concen-
trations, decreased carbonate content and increased grain size. The humid period during the LIA re-
corded by the Bosten Lake sediments is representative of arid central Asia and is supported by nu-
merous records from other sites. During the LIA, the water runoff into the Keriya River and Tarim River
in the Tarim Basin increased, while the ice accumulation in the Guliya ice core increased. Additionally,
the lake levels of the Aral and Caspian Sea also rose, while tree-ring analysis indicates that precipita-
tion increased. We hypothesize that both the lower temperature within China and the negative
anomalies of North Atlantic Oscillation (NAO) during this period may have contributed to the humid
climate within this area during LIA.
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The Northern Hemisphere has experienced three
distinct climate phases during the past millennium
—the Medieval Warm Period (MWP); the Little Ice
Age (LIA) and the
temperatures!' . The term ‘Little Ice Age’ was first

recent rise in global

used by Matthes”” who documented glacial regrowth
in the Sierra Nevada, California, following glacial ab-
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lation in the early Holocene Hypsithermal. Now, the
term generally refers to the latest glacier expansion
episode between the MWP and recent 20th century
global warming!®"\. However, the timing of the initia-
tion and termination of the LIA is geographically
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11 . .
asynchronous® '], but recent palacoclimatic research

suggests that the LIA climatic event is globally re-
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corded™'* ™. Coupled with this cooling event, cli-
mate changed significantly within China and a number
of records document environmental changes coinci-
dent with a LIA climate!">™'7), Although temperatures
globally decreased in a similar trend, the reconstructed
and modelled humidity varies significantly from re-
gion to region[13’15’18]. For example, reconstructed dust
storms in eastern China suggest that the climate was
dry!"”) while in western China records of the LIA
suggest increased moisture in the mountains® ™ %%,
however high-resolution records fr- om the arid desert
area are rare. In order to address this, we utilized lake
sediments from the region, which have been shown to
be reliable and sensitive palacoenvironmental archives,
having provided high- resolution palacoclimate re-

2721 We present the

cords on a number of timescales
results of multi-proxy analyses on sediment cores re-
trieved from Bosten Lake, located in the arid conti-
nental interior, to investigate the past moisture varia-

tions over the past millennium.

1 Study area and sampling strategy

Bosten Lake (41°56'N — 42°14'N, 86°40'E —
87°26°E) (Fig. 1) is located on the southern slope of
Tianshan Mountains and lies in the southeastern part
of Yanqi Basin between Tianshan and Taklimakan
Desert in the Tarim Basin. The Yanqi Basin is bor-
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dered in the north and west by the Tianshan Mountains
and by the Kuruktag Mountains in the south. Bosten
Lake (1048 m a.s.l.) is the largest inland freshwater
lake in northwestern China with a surface lake area of
¢. 1000 km?, maximum water depth of 16.2 m and an
average depth of 8 m®®.. Zhong ez al.*" investigated a
Holocene profile from the western shore of the lake,
which demonstrated the potential for reconstructing the
past climate history of the atmospheric westerlies. Bos-
ten Lake is hydrologically open with 13 rivers flowing
into the lake, with the four major rivers accounting for
96% of the total water input. Water leaves the lake via
the Kongque River, which flows to Lop Nur.

As Bosten Lake is in a continental setting, its cli-
mate reflects a typical temperate arid region®®. Mete-
orological records from Yanqi County record a mean
annual precipitation of 70 mm and mean annual
evaporation of 2000 mm. The dry climate leads to a
very simple vegetation community composed of
high-altitude alpine meadow, steppe, desert steppe and
desert with no distinct forest. In addition, some intra-
zonal vegetation is widely distributed, e.g. small areas
of Picea schrenkiana forest stands on the shaded
slopes or valleys, while some Ulmaceae trees grow in
valleys and some halophyte vegetation occurs on alka-
line soil. It is also notable that a large area of Phrag-
mites and Typha plants grow in the swamp on the

western side of the Bosten Lake?®*”,

86°42 86°54' 87°06' 87°18'
T T T T
2\ N
%) [ T
L Ly 2 i
) Wz
Uingp >~ S WE
> =,
42°14' - YRy \ B 4214
18

42°08' -

42002’ -

a

|

42°08'

—42°02'

Bosten Lake

41°56'
@ Drilling site 41°56'
sjr&\“‘oo‘ +#7~_~ Seasonal river > km.
1 1 1 1
86736’ 86°48' 87°00 87°12' 8§7°24

Fig. 1.

The main rivers and the isobath of the Bosten Lake, the drilling sites in Bosten Lake.
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Since 2000, we have retrieved a series of piston
cores at different water depths from Bosten Lake!*").
The core selected for this study (BT04H) was recov-
ered from the centre of the lake in 2004 using a
Kullenberg-type piston corer and sampled at 1-cm
intervals. To ensure the quality of samples for *'°Pb
and "*'Cs dating, short surface sediment cores (BT04C,
BT04D) with a clear mud-water interface were re-
trieved using a Glew corer and extruded into 0.5- and
1-cm sections in the field. In addition, to ensure the
reliability of the palaeoenvironmental records archived
by BST04H, an additional short core (BST04C) was
taken from a water depth of 15.4 m, which shows a
good general stratigraphic correlation with the previ-
ous cores.

2 Methods

Core BT04D was prepared for pollen samples at 1
cm intervals and BST04H core samples were selected
for pollen analysis with intervals of 2 cm (between
20—40 cm) or 4 cm (between 0—20 cm, 40—100
cm). The pollen preparation procedures follow the
standard methods®"! with minor modifications. Ap-
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proximately 5 g of sediment was digested with 10%
HCl, 40% HF and filtered with 7 um sieve mesh. Be-
fore the chemical procedure, one tablet of Lycopodium
spores (about 12, 524 spores per tablet) was added to
each sample for the pollen concentration calculation.
The carbonate content of the cores was measured us-
ing a Calcimeter at 1 cm intervals. The carbonate con-
tents of the top 60 cm of both cores are shown in Fig.
2b, ¢, with an error of 0.74%. Grain size was measured
with Malvern MS 2000 laser grainsizer after standard
treatment with 10% HCL and 10% H,0O, and dispersed

with sonication!®*,

This pretreatment removes the
dissolvable salt and organic matter, with the remains
generally representing size of terrestrial debris. The
error of the average grain size is less than 2%.

21%p and "*'Cs analysis was conducted on core
BT04C at the Nanjing Institute of Geography and
Lake Sciences, Chinese Academy of Sciences, using
an ORTEC HPGe low background intrinsic germa-
nium detector. For the long piston core, 11 AMS 'C
samples of TOC and plant remains were obtained after
acid-alkali-acid pretreatments to make graphite targets
in Lanzhou University. These targets were then meas-
ured at Kiel University and Peking University.
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Fig. 2. Water content (a), carbonate content (b) of BST04H core; carbonate content of BST04C core (c); the age-depth model of BST04H core (d);
21%pp curve (e) and *’Cs curve (f) of the Glew core. The age at depth of 31 cm is the '*C age after reservoir effect calibration. For comparison with the
1¥7Cs curve, a China bomb test yield curve (g, data from ref. [32]) was listed.
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3 Results
3.1 Chronology

The 21OPbeX and "*’Cs were measured at 0.5 cm in-
tervals on BT04C (Fig. 2). The B7Cs curve can be di-
vided into two sections. The values above 12 cm are
high and variable and those below 12 cm vary around
the "*’Cs background (Fig. 2f). The *’Cs curve has
several peaks, which are comparable to that of a core
(BSTO0C) previously dated, which was taken from the
western part of the lake in a water depth of 4.6 m**,
The distribution of "*’Cs in the upper most sediments
of Bosten Lake is very different to the widely recog-
nized peaks caused by Chernobyl accident in 1986 and
the global fallout peaks in 1963 and 1964°%. Lin er
al.®® reported the effects of China bomb tests on the
radioactive isotopes in the sediments of Bosten Lake,
as recorded by the tritium concentration of a core re-
trieved from western basin in a water depth of 1 m.
The "*’Cs curve from Bosten Lake has not only been
influenced by global weapon testing, but also could be
strongly influenced by regional weapon testing near
the study site. The nuclear tests in China were carried

out mainly in 1967—1970, 1973 and 1976"*! (Fig. 2g).

There five peaks in "°'Cs activity, with the first peak (2
cm) probably relating to the Chernobyl accident in
1986. The following two peaks are thus likely to be
related to China weapon testings and the peak in *’Cs
at 8.75 cm is possibly a result of the global bomb
weapon tests that centred around 1963 and 1964 AD.
The small variations below 12 cm could result from
biological disturbance and chemical diffusion, which
has been observed in other studies”’”®. The large
variations in the mass sedimentation rate calculated by
137Cs mobility in

the '*’Cs therefore may be a result of
the lake sediments.

To avoid possible errors caused by the migration of
7Cs, a ?'Pb chronology was developed using the
CRS model for the upper 24 cm of the core. The
21%pp, . values (Fig. 2e) decrease exponentially, and
reach equilibrium at ¢. 25 cm, which is similar to the
profile observed by Lin er al.®®. According to the
1% CRS model, the average sedimentation above 12
cm and 24 cm are 2.45 mm/a and 1.2 mm/a, respec-
tively, which could be an indication of mechanical

compression process along the length of the core (Fig.
2a, d). The ¥7Cs based sedimentation rate in the west-
ern part of Bosten Lake (water depth — 4.6 m) is 2.92
mm/a®¥, and the sedimentation rate in the northern
part of the lake (water depth —1 m) is 3.1 mm/a"®.
Since the coring site for this study is located in the
centre of the lake, a number of kilometers away from
any river input, the observed lower sedimentation rate
in our core is reasonable. The water content of the core
(Fig. 2a) decreases from 80% at the top to 40%—50%
at the bottom, reaching nearly constant values until 45
cm. It suggests that the mechanical compression oc-
curred within the top 45 cm. Therefore, the ages be-
tween 24—45 cm are calculated by the average mass
sedimentation rate of the last five samples of *'°Pb.
The ages below 45 cm were calculated by the average
sedimentation rate obtained from the '‘C AMS dat-
ings.

There were a total of eleven '*C AMS dates from
BSTO04H and comparison of radiocarbon dates based
on total organic carbon (TOC) and plant remains from
the same depth intervals indicate a difference of 1140
years. As a result, a 1140-year age correction was ap-
plied to the remaining TOC dates. The AMS '*C ages
at 31 cm and 145 cm, are 330 40 a BP and 1270 +40
a BP respectively, which gives a calculated average
sedimentation rate of 1.04 mm/a, which is not too dis-
similar to that calculated using the *'°Pb model (1.2
mm/a). Therefore, the age below 45 cm was calculated
with a sedimentary rate of 1.04 mm/a, giving an age of
1000 AD at 100 cm. The chronology of the top 60 cm
is shown in Fig. 2d.

3.2 Pollen assemblage

Pollen was counted for cores BT04 D and BST04H,
with an average of 721 grains identified. The pollen
assemblage data indicate a simple vegetation composi-
tion with only 30 different families/genera identified,
but there are only 11 families/genera whose maximum
percentages exceeded 1%, e.g. Chenopodiaceae, Ar-
temisia, Gramineae, Ephedra, Compositae, Cyperac-
eae, Ulmaceae, Nitraria, Rhamnaceae, Typha, Polypo-
dium (Fig. 3). The dominant pollen types in the as-
semblage are the Chenopodiaceae (33.8%—56.4%),
Artemisia (21.0%—34.5%) and Gramineae ( < 22%),
which infer plants that are capable of persisting in an
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Fig. 3.

arid environment. This is in general agreement with
pollen assemblages identified in the Bosten Lake’s
surface sediments'®. The pollen of other typical arid
land plants such as Nitraria and Ephedra also occurs
but at low percentages, while the aquatic plant Typha,
does not exceed 9%.

Chenopodiaceae, which grows in the arid desert and
alkaline soil, has higher percentages in both the lower
and the upper parts of the sequence, while Artemisia
has an increasing trend towards the top of the core.
Gramineous pollen percentages change in an opposite
trend to that of Chenopodiaceae. The overall pollen
concentrations increase after 1450 AD and the varia-
tions are similar to the A/C ratios (Fig. 3). The A/C
ratio is regarded as an effective indicator of humidity
in arid and semi-arid environments, particularly when
Chenopodiaceae and Artemisia are dominant species
in the pollen assemblage™ *"). Investigations on the
pollen assemblage of the surface sediments within
Bosten Lake also suggest that A/C ratios reflect the
aridity of the area™’. The pollen assemblage of sur-
face soil samples within the Bosten Lake drainage ba-
sin also suggests that the A/C ratio averages 0.53 in
desert zone and at 3.2 in a desert-steppe zone™. As a
result of humidity increasing with altitude in an arid
environment, the increase of A/C ratios from desert

(<104

Pollen assemblages, A/C ratio and pollen concentration of BST04H core (>1%).

zone to desert-steppe zone in the Bosten Lake catch-
ment indicates a likely correlation between the A/C
ratio and humidity. Three zones in the A/C ratio profile
can be distinguished during the past 1000 years. From
1000 AD to1500 AD, it was relatively low, with peaks
in the ratio occurring between 1500 AD and 1900 AD.
After 1900 AD, it began to decline but was still higher
than that before 1500 AD (Fig. 3).

3.3 Other proxies

The results of multi-proxy analyses on core
BSTO04H show obvious variations at different periods
in the past 1000 years (Fig. 4). From 1000 to 1500 AD,
the carbonate content was high (above 45%) and the
mean grain size was small. The content of coarser
grains (>30 pm) was also low but increased gradually.
The mean grain size and the content of coarse grains
peaked between 1500 and 1900 AD, meanwhile, the
carbonate content was at its lowest during this period.
After 1900 AD, the mean grain size and coarse grains
decreased and the carbonate content increased again.
The carbonate content is generally high during the last
1000 years, showing a declining trend except for
theincrease at the upper most part of the core (Fig. 4a).
The carbonate content of core BST04C (top 60 cm) is
similar to that of BSTO4H (Fig. 2b, c), indicating that
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Fig. 4. Variations of the proxies along BST04H core (a: carbonate content; b: mean grain size; c: content of coarse grains (> 30 pm); d: A/C ratios)

[22].

and their comparison with other records. In the figure, e: tree-ring reconstructed precipitation in northern Xinjiang'*™; f: China temperature anoma-

lies*?); g: ice accumulation in Guliya ice core”.

the BSTO04H core is representative and a reliable re-
cord.

4 Discussion and conclusion

4.1 Multi-proxy records of climate change during the
past millennium

The climatic significance of pollen A/C ratios in
arid and semiarid area is relatively clear and it indi-
cates regional humidity. The higher A/C ratios corre-
late to higher effective humidity, higher percentage of
grassland plants and lower percentage of desert plants,
and vice versa. The grain size of the terrestrial debris
within the lake sediments generally relates to both lake
level and river runoff (e.g. water dynamics). Generally

the more precipitation in the catchment, the coarser
grains will be carried into the lake and be incorporated
into the lake sediments, especially when variations of
lake level are small”*”. For Bosten Lake, the water
area is relatively large, and coarse grains derived from
an eolian source are unlikely to be a major influence
on the grain size of lake sediments in the center of the
lake. In addition, Bosten Lake is an open lake and no
obvious palaeo-shorelines are found above the current
lake level, suggesting the lake level has been quite
stable. Therefore, the grain size of BSTO4H in the
center of the lake is largely determined by the lake
water dynamics and the runoff from the drainage basin.
For example, the coarsening of the grain size in the
upper sediments corresponds to the flood events
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documented in the late 1990s (see Fig. 4b, c). Simil-
arly, results from other open- and closed-lakes, Erhai
Lake!*", Qinghai Lake!*”! and Daihai Lake"®*! support
the hypothesis that the grain size of sediments in the
center of lakes reflects water dynamics and runoff,
which is related to the variations in precipitation. As
no aquatic plants grow on the sediment surface and
Bosten Lake is frozen from November to April, the
carbonate content is influenced by the very strong
seasonal evaporation processes indicative of the re-
gional humidity and temperature, for example, the lake
sediments of the Aral Sea suggest that high carbonate
content correlates to lower lake levels and more arid
climate!*®).

Three distinct climate stages can be identified from
the proxies in Bosten Lake for the past millennium.
Stage 1 is between 1000 AD and 1500 AD, where pol-
len A/C ratio is low, accompanied with fine grain
sediments. The percentage of coarse grains is very low
and the carbonate content is high. Stage 2 covers the
period form 1500 AD to 1900 AD. All proxies
changed inversely compared with stage 1. Stage 3 is
the period since c¢. 1900 AD. The A/C ratio decreased
but is still higher than that of stage 1. The grains size
of terrestrial debris become smaller and the carbonate
content increases. Before 1500 AD, pollen concentra-
tion and A/C ratios indicate a dry climate with a high
percentage of Ephedra and low percentage of Typha.
The high carbonate content and the small grain size
support low humidity. From 1000 to 1200 AD, in the
late Medieval Warm Period (MWP), the temperatures
are higher than any climate preceding or following this
event*”). Although the pollen A/C ratio suggests a
smaller increase in humidity than that seen at 1400 AD,
it was still much drier than that after 1500 AD. There-
fore, the regional climate was warm and dry during the
MWP. After 1400 AD, the climate became wetter,
which can be inferred from the lake sediment proxies
(Fig. 4).

During stage 2 (1500—1900 AD), all the proxies
suggest a more humid regional climate. During this
epoch, the percentage of Gramineae is generally high,
indicating the expansion of desert steppe and the re-
duction of desert. Increased mean grain size and
coarse grains content indicate increased precipitation
and river runoff feeding the lake (Fig. 4). The carbon-
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ate content and grain size suggest that the regional
climate gradually transferred from the former warm
and dry regime to cold and humid. Highest humidity
appeared during 17—18th century and then became
dry again. The period from 1500 to ¢. 1900 AD is the
typical global LIA stage, during which a decrease in
temperature is witnessed in most regions of the
globe!* and the cooling in China is also
(7151742 1 owered temperatures could lead to
lower evaporation and thus higher humidity. Even if

secn

the water input did not change too much, the lake
would become fresher, and the carbonate content de-
creases in such a climate regime. As the lake is frozen
during the winter season and the runoff during the
winter accounts for a minor proportion of the total
water input, the increased grain size of the terrestrial
debris in the center of the lake may indicate increased
summer precipitation during the LIA. Previous re-
search has shown that the runoff of the Tarim River,
south to Bosten Lake, increased during 1450—1850
AD" and a river terrace formed during LIA along the
Keriya River at the southern edge of the Tarim Ba-
sin®. In summary, our result supports the inference
that the LIA in this region was characterized by a cool,
humid climate with increased precipitation.

In the past ¢. 100 years (since 1900 AD), the A/C
ratios decreased, indicating that the effective humidity
decreased relative to the LIA period, but more humid
than that of MWP. The relatively high carbonate con-
tent and finer grains contrast to those in the former
period, suggesting that the evaporation process has
been strengthening and the input river water has de-
creased. Generally, the regional climate has been rela-
tively dry for the past 100 years. We also note that the
carbonate content has been decreasing during the past
100 years and the humidity indicator, A/C ratios, in-
creases at the top of core, which might indicate that
the climate is becoming more humid under the back-
ground of dry climate. Continuous observations of
lake level since 1959 AD show that the lake level of
the Bosten Lake has dropped gradually by more than 3
m from 1959 to 1987 AD, before rising again after
1987 AD and by 1999 the lake level exceeded that of
1959 AD. The lake level variation is generally is cor-
related to the runoff of the Kaidu River, the major wa-
ter input for the lake™'!. Global warming has also been
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a feature of the climate during the past 150 years[sz].

This warming trend is also evident in Xinjiang, China,
and is even more evident than that in eastern China!®*).
Therefore, under the background of warming during
the past 150 years, the climate in the drainage of Bos-
ten Lake was warm and dry compared to the LIA. In
recent years, there has been evidence of lake level rise,
increased river runoff and precipitation in mountains
of arid regions in NW China. Shi er al.” highlight
that the climate of arid China might have shown a
transition from warm and dry to a warm and humid
climatic regime. However, the climate change during
the past 1000 years recorded in Bosten Lake suggests
that the recent change toward a more humid trend is
still within the natural variation of the warm and dry
regional climate. Further research is needed to identify
whether this humidification trend could reach a similar
extent of humidity to that documented in the LIA.

The records from Bosten Lake demonstrate that
warm-dry and cold-humid climate variations have oc-
curred on centennial time scales, most likely related to
known climatic events that have occurred during the
last 1000 years, e.g. MWP, LIA and recent global
warming. On glacial-interglacial time scales, however,
the climate in the inland area of central Asia changed
similarly to that of eastern China. The records from
loess-paleosoil sequences in central Asia are compara-
ble to those on the Chinese Loess Plateau[ss], where
the climate was dry in glacials and wet in interglacials,
indicating that the main climatic pattern is a cold-dry
and warm-humid pattern. However, on millennial to
multi-millennial time scales it is not clear whether the
climate patterns remain cold-dry and warm-humid
during these climatic events.

4.2 Regional comparison and possible mechanism

The multi-proxy record from Bosten Lake indicates
that the climate regime has been warm-dry and
cold-humid within the central Asian region during the
last millennium. Ice accumulation on the Guliya ice
cap, an alpine glacier to the south of Xinjiang on the
western Tibetan Plateau increased during the LIAP”,
which corresponds well with the larger grain size of
terrestrial debris into Bosten Lake sediments (Fig. 4),
indicating increased precipitation during the LIA. Ad-
ditionally, tree-ring-based precipitation reconstructions

show that the precipitation in northern Xinjiang has
increased since 1530 AD*?! (Fig. 4e), though the tree
rings mainly record high frequency climatic signals.
Historical documents recorded great floods that were
frequent during the Qing Dynasty (e.g. 1716, 1837,
and 1883 AD)"%. The Keriya River, a river originating
from the high Kunlun Mountains (south of the Tarim
Basin), could flow through the Taklimakan Desert into
the Tarim River™), and a terrace formed along the
Keriya River during the LIAPY. Historical documents
also recorded that the Lop Nur expanded in the early
Qing Dynasty (around 1782 AD)"7), suggesting that
the climate was humid in southern Xinjiang during
LIA.

The reconstructed lake level variations of Aral Sea
show that the lake level was 20 m higher than present
and the runoff of the Amu Darya River and the Syr
Darya River increased, which are recorded by histori-
cal documents during the 14—16th century™". The
lake level of the Caspian Sea rose rapidly and re-
mained high during the LIA after a low stand from
2500 to 800 aBPP. During the past 150 years, it has
declined persistently and risen since 1980s as docu-
mented by historical records. The lake level history of
Caspian Sea is similar to the lake level variations
documented at Bosten Lake during the past 40 years.
Lake levels of some other lakes in central Asia, such
as Daihai Lake, Lake Dalai Nur, Lake Ubusu Nur and
Lake Baikal, rose or were stable during LIAY These
records suggested that the humid LIA climate recorded
by Bosten Lake is a feature of the climate history of
arid central Asia.

The high accumulation rate of Guliya ice core (Fig.
4) during 1500— 1880 AD indicates increased precipi-
tation at high altitudes™™, while the A/C ratios and
pollen concentration in the Dunde ice core increased
during LIA, supporting a humid climate!®’l. Ma ez
al'®¥ found that the groundwater recharge of Badain
Jaran Desert also increased during the LIA by using
the method of chloride mass balance in the unsaturated
zone. Yang et al.' reconstructed salinity variation of
Chencuo Lake using a diatom transfer function and
howed the lake water freshened during 1700— 1900
AD. Grain size data from the same lake also indicated
that the input water increased during this period®.
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This evidence suggests that during the LIA, precipita-
tion increased in the area dominated by both westerlies
region and the marginal area influenced by monsoons.

The humid climate during the LIA as recorded by
the Bosten Lake sediments is supported by evidence
from other palacoenvironmental archives in the central
Asian region, but also possibly on the Tibetan Plateau.
Records from lakes, ice cores and the desert also sug-
gest that during the LIA in the inland arid area of the
Asian continent, the climate was not only relatively
humid, but the precipitation may have increased. The
humid LIA climate in the inland arid Asia might be
related to the cooling effect resulting from reduced
solar activity'®
may have caused global cooling. Lowered tempera-
tures would also lead to inefficient evaporation both
on the surface of water and land, resulting in increased
effective humidity. On the other hand, the north At-
lantic oscillation (NAO) anomaly was in a negative
phase during the LIA®*] The low frequency of NAO
may have affected both the internal interactions of the
climate system and external forcing!®”!. Statistical
analysis on the relationship between NAO anomalies
and precipitation variations from more than one hun-
dred stations in mid-latitudes of central Asia showed

. 66,67 .
and volcanic eruptions®*®"), which

that the negative NAO anomalies correspond to in-
creased precipitation in the inland area of the mid-
latitude Asia influenced by westerlies!””. When the
NAO was in a negative phase, the sea surface tem-
perature (SST) of the Azores region in the mid-
latitudes increased, leading to enrich moisture in the
air mass transported to central Asia by the westerlies
and increased precipitation when the air mass encoun-
tered frequent cool air masses from the north. There-
fore, the negative NAO anomalies may have contrib-
uted to the increased precipitation in central Asia dur-
ing the LIA. Lowered temperatures and increased pre-
cipitation therefore may have led to humid conditions
during the LIA in arid central Asia.
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