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Abstract The layers of Tamarix cones within
sedimentary deposits in arid regions have significant
chronological and paleoenvironmental implications. Here,
we compare the 6'80 values of Tamarix cones in the
Hongliujing area of Lop Nur with meteorological data for
the Ruoqiang meteorological station for 1960-2019 AD.
Linear regression analysis was used to reconstruct the
average temperature for April and the precipitation for
November in the Hongliujing area over the past 200 years.
The results showed that the 180 values were significantly
negatively correlated with the temperature for February,
April, May, August, December, and with the annual mean
temperature; significantly negatively correlated with the
precipitation for February and April; significantly
negatively correlated with the sunshine hours for March
and May; significantly positively correlated with the
sunshine hours for February, July, August, October, and
December, and with the annual mean values; and
significantly correlated with the relative humidity for
April, July, August, September, October, and November,
and with the annual mean values. Based on the 5'80 record
of the past 200 years, the Hongliujing area experienced
two warm-wet periods (1874—1932 and 2004-2019 AD)
and two cold-dry periods (1832-1873 and 1933-2003
AD). Thus, the climate was characterized by alternating
warm-wet and cold-dry conditions. Wavelet analysis
revealed three main cycles: 45 years, 29 years, and 14
years.
Keywords Tamarix cones, climate change, 6'80, Lop
Nur
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1 Introduction

The arid region of north-west China is climatically
sensitive and vulnerable to global climate change (Zhou
et al., 2019), which may profoundly affect its ecology and
environment. Thus, in the context of ongoing global
warming, climate change in arid north-west China has
become an important scientific issue (Chen et al., 2019).
Lop Nur is located within the eastern part of the Tarim
Basin in Xinjiang, and it is the main endorheic lake of the
Tarim Basin, where the Tarim River, Peacock River, and
Cherchen River converge. Lop Nur lies within the arid
zone of north-west China, and its sedimentary record
preserves abundant information about the evolution of the
regional climate and environment (Ma et al., 2008).
Previous research on the paleoclimatic evolution of the
Lop Nur area is based mainly on the sedimentary records
of saline lakes (Xie et al., 2004; Jia et al., 2011; Wu and
Ma, 2011; Liu et al., 2019; Li et al., 2021), and there is a
lack of high-resolution paleoclimatic records. Tamarix
(tamarisk) is distributed in patches on both banks and in
the deltaic zones of the downstream reaches of the Tarim
River, Hotan River, Kriya River, Cherchen River, and
Peacock River, as well as in the ancient wadis and low-
lying areas within the surrounding desert. Its height is
generally 3-10 m, with some individuals growing to
15 m. Layers of Tamarix cones are intercalated with sand
layers and leaf litter layers, forming a depositional
sequence (Qong et al., 2002). Xia et al. (2004) discovered
that the Tamarix cones within these deposits were a
potential  repository of both chronological and
paleoenvironmental information. Subsequently, numerous
studies of climatic and environmental change within the
desert area of Xinjiang have used Tamarix cones as a
dating tool and an environmental archive, based on
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analyses of proxies such as C content, N content,
sediment grain size, cation content, and stable isotopes
content (Xia et al., 2005; Wang and Zhao, 2010; Wang
and Zhao, 2011; Zhao et al., 2011; Liu et al., 2013; Zhang
etal., 2017, 2019a; Lietal., 2019; Dong et al., 2022; Li,
2022). We studied the paleoclimatic and paleoenviron-
mental record of Tamarix cones in the western part of
Lop Nur. Specifically, we measured the 630 record of
Tamarix cones within sedimentary deposits from the
Hongliujing area in the south-eastern part of Lop Nur,
and used them to reconstruct the regional climate and
environment during the past 200 years.

2 Research region

Most of Lop Nur lies within Ruogiang County, in
Bayingol Mongolian Autonomous Prefecture, Xinjiang. It
is located within the eastern part of the Tarim Basin, with
the Kuruktag Mountains to the north, the Altun
Mountains to the south, the Taklimakan Desert and the
Kulluk Desert to the west, and the Aqik Valley to the east
(Zhao etal., 2011; Zhang etal., 2021). The principal
landform is desert, which contains yardangs and valleys,
and has the elevation range of ~700-800 m (Zhao et al.,
2011). The region has an extreme arid and warm
temperate continental climate. Based on observations at
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precipitation is ~22 mm, the annual evaporation is as high
as 3200 mm, and the relative humidity is almost zero in
summer (Zhao et al., 2011). The Lop Nur region contains
approximately 1% of the extant vascular plant species in
Xinjiang, and is the most plant species poor area in
China. It contains almost no vegetation in the salt crust,
gravel desert, and Yadan areas. The vegetation in the salt
desert consists of Halocnemum Bieb., Halostachys C.A.
Mey, Kalidium Moq, Tamarix, and Phragmites Adans.
The gravel desert is dotted with Ephedra and
Sarcozygium Bunge. Hongliujing is located within the
south-eastern part of Lop Nur, ~50 km north of Lop Nur
town.

3 Sampling and analysis of Tamarix cones

3.1 Sampling and 630 measurements

In October 2020, a 1.76-m-thick profile of Tamarix cones
was sampled (39.97°N, 91.01°E, Fig. 1). The section
contained a well-defined alternating sequence of wind-
deposited sand and leaf litter layer of Tamarix. After
removing the surface layer, we continuously sampled the
section at 2-cm intervals, which resulted in 87 samples
(Fig. 2). 6'80 values were measured on a stable isotope
ratio mass spectrometer (EA-isolink-PLUS253, at the
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Fig. 1 Location of the sampling site in Lop Nur, north-western China.
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Fig. 2 Sampling of the Tamarix cones.

measurements are expressed as per mil relative to Vienna
Standard Mean Ocean Water (VSMOW), with the
precision of £ 0.3%o.

3.2 Chronology of the section

It is possible that the section has been subject to
intermittent erosion by strong winds and discontinuities
may be present. Based on annual layer counting,
combined with the results of 14C, 137Cs, and 219Pb dating
in the Hongliujing area, Li (2022) established that the
Tamarix-bearing sedimentary sequence spans the interval
from 1832 to 2019 AD (Fig. 3).

4 Oxygen isotope record of Tamarix cones

In the 6'80 record from 1832 to 2019 AD (Fig. 4), the
average 680 value is 29.67%o with the range of variation
of 14.51 %o, and maximum and minimum values of
38.01 %o (in 1969 AD) and 23.50 %o (in 2011 AD),
respectively. The 6180 values between 1954 AD and
2019 are higher (mean value of 30.94%o) than in the rest
of the record, and the amplitude of fluctuations is also
higher. Additionally, the maximum value of 5!80 for the
entire studied interval occurred during 1954-2019 AD,
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Fig. 3 The chronological sequence of the Tamarix cones (Li, 2022).

while a relatively low mean value (29.17 %o0) and low
amplitude fluctuations (~10.10 %o) occurred during
1832-1953 AD.

5 Relationship between 6180 and climatic
variables

Using meteorological data from Ruoqiang County
Meteorological Station for 1960-2019 AD, we calculated
Person correlation coefficients between 630 and climatic
variable (temperature, precipitation, sunshine hours, and
relative humidity). The results are presented in Table 1.
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Fig. 4 The measured 680 values and reconstruction 6!30 values of Tamarix cones.
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Table 1 Correlation coefficients between the 5!80 values of Tamarix
cones and climatic variables

Month Correlation coefcients
Mean Precipitation ~ Sunshine Relative
temperature and 6180 hours and  humidity and

and 5180 6180 8180
January —0.267 0.218 0.001 —0.052
February —0.374* —0.570** 0.456* 0.207
March —0.291 —0.211 —0.427* 0.334
April —0.622%* 0.222 —-0.309 —0.382*
May —0.570** —0.158 —0.392* —0.351
June —0.249 —0.264 0.284 -0.212
July -0.317 0.065 0.731%*  —0.708**
August —0.572%* —0.185 0.572%*  —0.599%*
September 0.173 —0.124 0.321 —0.621**
October 0.106 —0.082 0.456* —0.608**
November —0.206 —0.681** 0.160 —0.402*
December —0.559** 0.116 0.654**  —0.302
Mean Annual —0.535%* —0.036 0.428%* —0.439%*

Notes: *p<0.05; **p<0.01.

5.1 Relationship between ¢'80 and temperature

As presented in Table 1, the relationship between the
6180 values and temperature is generally negatively
correlated. It should be noted that the §'80 values have a
significantly negative response to the average temperature
for February, April, May, August, December, and with
the annual mean temperature (correlation coefficients of
—0.374 (P < 0.05), —0.622 (P < 0.01), —0.570 (P < 0.01),
—0.572 (P < 0.01), —0.559 (P < 0.01), and —0.535 (P <
0.01), respectively). Additionally, the 6180 values are
negatively, but not significantly, correlated with the
average temperature for January, March, June, July, and
November. The negative correlation between the 530
values and temperature is consistent with previous 530
records from Andir (Zhang et al., 2019b) and Cele (Li
etal.,2019) in Xinjiang. However, there are several
differences between our results and those obtained by Li
etal. (2010) and Gray (1981). A positive relationship
between §!80 and temperature occurs mainly in moist
regions, or in moist areas within relatively arid regions.
The relatively high temperatures in these areas promote
transpiration, which in turn increases 6!30. In the arid
Lop Nur region, the annual precipitation is 22.2 mm, and
the annual evaporation is up to 3200 mm. The high
temperatures of this area promote drought, which results
in the closure of the stomata of Tamarix leaves in order to
reduce transpiration.

5.2 Relationship between 5180 and precipitation

The §'80 values have a negative response to precipitation
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in most months. Specifically, the 630 values are
significantly negatively correlated with precipitation in
February and November (correlation coefficients of
—0.570 (P < 0.01) and —0.681 (P < 0.01), respectively).
However, the correlations between §'80 and precipitation
in other months are not statistically significant, which
may be related to the water-use efficiency of Tamarix in
Lop Nur. The rapid evaporation of precipitation during
spring, summer, and autumn makes it difficult for
precipitation to be utilized by Tamarix, which therefore
relies mainly on groundwater for its growth. February and
November are winter months in the Lop Nur area, and the
relatively low evaporation during these two months
promotes the persistence of snow cover, enabling
moisture absorption by the branches and roots of
Tamarix. This phenomenon is responsible for the
negative correlation between 630 and precipitation in
February and November, which is consistent with
research results from many other regions (Xu et al., 2015;
Chen et al., 2017a).

5.3 Relationship between 5180 and sunshine duration

The 6'30 values generally have a positive response to the
numbers of sunshine hours in most months. For example,
the 6'80 values are significantly positively correlated
with the numbers of sunshine hours in February, July,
August, October, December, and with the number for the
whole year (correlation coefficients of 0.456 (P < 0.05),
0.731 (P < 0.01), 0.572 (P < 0.01), 0.456 (P < 0.05),
0.654 (P <0.01), and 0.428 (P < 0.05), respectively). On
the other hand, the 'O values are positively, but not
significantly, correlated with the numbers of sunshine
hours in January, June, September, and November.
However, there is a significant negative correlation
between §'80 and sunshine hours in March and May
(correlation coefficients of —0.427 (P < 0.05) and —0.392
(P < 0.05), respectively). The duration of transpiration,
mainly during the daytime, increases with the increasing
duration of sunlight, which explains the positive
relationship between 630 and the duration of sunlight.
However, other studies have shown that the relationship
between 580 and sunshine hours may differ between
different months (Li et al., 2019; Zhang et al., 2019a).

5.4 Relationship between 6180 and relative humidity

There is a significant negative correlation between ¢80
and the average relative humidity in April, July, August,
September, October, November, and for the whole year
(correlation coefficients of —0.382 (P < 0.05), —0.708
(P <0.01),-0.599 (P <0.01), —0.621 (P < 0.01), —0.608
(P < 0.01), —0.402 (P < 0.05), and —0.439 (P < 0.05),
respectively). This may be because increasing relative
humidity leads to a decrease in the numbers of leaf
stomata, which reduces transpiration (Jiang, 1991; Sun
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etal., 2005; Wang and Zhao, 2011; Chen et al., 2017b;
Ge et al., 2018).

5.5 Stepwise linear regression analysis of 6!30 and
climatic variables

We conducted a stepwise regression analysis,
implemented in SPSS, in which 6'80 was the dependent
variable, and temperature, precipitation, sunshine hours,
and relative humidity were the independent variables. The
resulting regression model passed the #-test (P < 0.01)

(Eq. (D)):

Y =33.171-0.246X; - 0.35X, —2.094X3, (1)

where Y is 030, X, is the relative humidity in April, X, is
the relative humidity in October, and X; is the
precipitation in November. Evidently, the relative
humidity in April and October, and the precipitation in
November, significantly influences the §'80 values. The
R? and adjusted R? values of this model are 0.915 and
0.896, respectively, demonstrating a satisfactory model fit
to the data. The F test result (P < 0.01) indicated a
significant linear relationship between 680 and the three
independent variables, with the following Beta
coefficients: —0.819 (relative humidity in October),
—0.542 (precipitation in November), and —0.288 (relative
humidity in April). Therefore, the effect of relative
humidity in October on 680 is the most significant,
followed by precipitation in November and relative
humidity in April. A correlation analysis of the
relationship between the 6'80 of tree rings and climatic
factors (temperature, precipitation, relative humidity) in
Asia showed a similar trend (Chen etal.,, 2017a).
Reference to Fig.4 shows that the 630 values for
19602019 AD obtained from this regression model
agree well with the measured values.

6 Discussion

6.1 Reconstruction of the average April temperature

Among the months in which the average temperature is

----- Instrumental temperature
Reconstructed temperature anomalies. (9-yr)

; Cold period ; ‘Warm period

Cold period
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significantly correlated with §!30, the correlation
coefficient for April is the strongest (—0.622). Thus, the
average temperature in April during 1832-2019 AD was
reconstructed using the measured 6'80 values (Fig. 5).
The regression model is as follows:

T = —0.2836 +24.334, adjusted R* = 0.386,P < 0.01, (2)

where T is the average temperature in April and 6 is 6130
value.

Figure 5 shows the reconstruction results and the
instrumental meteorological data for Lop Nur. The
reconstructed average value of the temperature in April
for 1960-2019 AD (15.9°C) is only 0.2°C higher than the
instrumental average value (15.7°C). Thus, the
reconstructed values of monthly average temperature are
in good agreement with the instrumental values.

The mean of the reconstructed average temperature in
April from 1832 to 2019 AD is 16.0°C. It should be noted
that the highest (17.7°C) and lowest (13.6°C) average
temperatures were in 2011 and 1969 AD, respectively,
and the difference between them is 4.1°C.

The original average April temperatures were smoothed
using a 9-year moving average (Fig. 5). The temperature
in April shows an overall decreasing trend during
1832-1854 and 1895-1977 AD; however, upward trends
in the average April temperature are evident during
1855-1894 and 1978-2019 AD, with the latter interval
showing the more rapid rate of increase. We designate
intervals with an average April temperature in most years
(= 90%) larger or smaller than the average value for
18322019 AD as warm or cold periods, respectively.
Using this convention, the temperature record of the
studied interval can be divided into four periods, as listed
in Table 2.

6.2 Reconstructed November precipitation

Among the months in which the monthly precipitation is
significantly correlated with 680, the correlation
coefficient for November is the highest (0.681). The
precipitation in November during 1832-2019 AD was
reconstructed using the measured §'80 values (Fig. 6).
The regression model is as follows:

Reconstructed temperature

Temperature/°C
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Fig. 5 Reconstructed average April temperature in Hongliujing, Lop Nur.
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P =-0.1255+4.995, adjusted R* = 0.326,P <0.01, (3)

where P is the precipitation in November and 6 is 6'80.

Figure 6 compares the precipitation reconstruction in
November and the instrumental precipitation in Lop Nur.
For the precipitation in November from 1960 to 2019
AD, the reconstructed average precipitation (0.44 mm) is
only 0.06 mm higher than the instrumental average value
(0.38 mm). Therefore, there is good agreement between
the reconstructed and instrumental precipitation.

The mean for the November precipitation from 1832 to
2019 AD is 0.51 mm. The November precipitation in
2011 AD (1.4 mm) is the highest, and there are 11 years
with 0 mm of November precipitation. The raw
November precipitation data were smoothed with a 9-year
moving average (Fig.6). The variation of November
precipitation is essentially the same as that of the April
temperature, because these two models are both based on
6180. Similar to the definition of warm/cold periods,
periods when the November precipitation for most years
(= 90%) was greater than or less than the average for
1832-2019 AD were designated wet and dry periods,
respectively. This enabled the precipitation record to be
divided into four periods (see Table 3).

Our temperature and precipitation reconstructions

Table 2 Defined temperature periods in Hongliujing, Lop Nur
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indicate that the climate of the Hongliujing area of Lop
Nur during the past 200 years was characterized by two
warm-wet periods (1874-1932, and 2004-2019 AD) and
two cold-dry periods (1832—-1873, and 1933-2003 AD).

6.3 Climatic comparison between different regions in
northern China

The cold and warm stages reconstructed for Lop Nur are
in good agreement with the two cold periods (1797-1865
and 1924-1977 AD) and one warm period (1866—1923
AD) recorded in the temperature series of the Qilian
Mountains reconstructed by Wang et al. (1982), based on
tree rings. Our results are also highly consistent with a
tree-ring-based temperature reconstruction from June to
July (smoothed with an 11-year moving average) from
the central Altai Mountains obtained by Jiao et al. (2021).
This record shows two warm periods (from the end of the
19th century to the 1940s, and after the mid-1990s) and
one cold period (from the 1950s to the early 1990s). In
addition, our results are in good agreement with one cold
period (1843-1861 AD) and one warm period
(1862-1964 AD) in a reconstruction of early summer
temperature in the Altai Mountains obtained by Jiang
etal. (2016). They are also consistent with two cold

Temperature period Climate Age/AD Duration/yr The change of temperature/°C Mean value/°C
Period 1 Cold 18321873 42 14.9-16.8 159
Period 2 Warm 1874-1932 59 14.1-17.1 16.2
Period 3 Cold 1933-2003 71 13.6—-17.5 15.7
Period 4 Warm 2004-2019 16 15.1-17.7 16.4
————— Instrumental precipitation Reconstructed precipitation
Reconstructed precipitation anomalies. (9-yr)
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Fig. 6 Reconstructed November precipitation in Hongliujing, Lop Nur.

Table 3 Defined precipitation periods in Hongliujing, Lop Nur

Precipitation period Climate Age/AD Duration/yr The change of temperature/mm Mean value/mm
Period 1 Dry 18321873 42 0-0.9 0.46
Period 2 Wet 1874-1932 59 0-1.1 0.62
Period 3 Dry 1933-2003 71 0-1.3 0.38
Period 4 Wet 2004-2019 16 0-1.4 0.76
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periods (1832-1854 AD, 1956-2000 AD) and two warm
periods (1855-1956 AD, 2000-2008 AD) in a May to
August temperature series for northern Xinjiang
reconstructed by Chen etal. (2017a), using tree ring
density. Our temperature reconstruction is also consistent
with temperature series from the Tanan region (Zhao
etal.,2011; Liuetal., 2013; Zhao etal.,2016; Liectal.,
2019; Zhang etal.,, 2019b) and Lop Nur (Sun etal.,
2013), based on Tamarix cones; and with annual mean
temperature series from the western Altay region (Zhang
et al., 2008), Jinghe River Basin (Yu et al., 2007), and the
Tarim River Basin (Li et al., 1988) in Xinjiang, based on
tree rings. It is also consistent with the climatic record of
the Guliya ice core (Zhang et al., 1999).

To assess whether the temperature reconstruction could
reflect the regional scale temperature variations, the
temperature series reconstructed in this paper was
compared with other temperature series reconstructed
from tree rings. The temperature reconstruction in
northern Xinjiang (Chen et al., 2017b) (Fig. 7(a)), Mt.
Altai region (Jiangetal.,2016) (Fig. 7(b)), Tibetan
Plateau (Liang et al., 2008) (Fig. 7(d)), and Hongliujing
area of Lop Nur (Fig. 7(e)) share a common trough in
1920s and 1970s, and then show a rapid increase after
1980s. Additionally, the temperature reconstruction in
northern Xinjiang (Chen et al., 2017b) (Fig. 7(a)), Heihe
River Basin (Wangetal., 2016) (Fig. 7(c)), Tibetan
Plateau (Liang et al., 2008) (Fig. 7(d)), and Hongliujing
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area of Lop Nur (Fig. 7(e)) peaked at the end of the 19th
century.

The timing of the dry and wet periods evident in our
reconstruction is in good or very good agreement with
those of five other climatic reconstructions, as follows.
(1) A wet period (1979-2017 AD) and a dry period
(1839-1867 AD) in a tree-ring-based precipitation
reconstruction for the eastern part of the Yinshan
Mountains (Lietal., 2022). (i) Four dry periods
(1851-1855 AD, 1858-1868 AD, 1959-1971 AD, 1991—
1996 AD) and one wet period (1889—-1904 AD) in an 11-
year-smoothed record of a tree-ring-based humidity index
for the eastern Tianshan Mountains (Wang et al., 2007).
(iii) Two dry periods (1843-1861 AD, 1974-1975 AD)
and one wet period (1888-1892 AD) in a climatic
reconstruction for the eastern Qilian Mountains (Hou
etal.,2011). (iv) Two wet periods (1888-1904 AD,
1915-1923 AD) and four dry periods (1835-1844 AD,
1853-1887 AD, 1962-1968 AD, 1974-1985 AD) in a
tree-ring-based wet/dry climatic reconstruction for eastern
Xinjiang (Chen et al., 2016). (v) One dry period
(1901-1990 AD) and one wet period (1991-2010 AD) in
a climate reconstruction for the Tanan region based on
Tamarix cones (Zhao et al., 2016). (vi) Two dry periods
(1841-1884 AD, 1954-1986 AD) and two wet periods
(1885-1899 AD, 1911-1953 AD) in a climate
reconstruction for Lop Nur based on Tamarix cones (Sun
et al., 2013). Additionally, the precipitation reconstruc-

1800 1850 1900 1950 2000
1.0 [ T T T | T ' I i
05 F (@ 2
0.0 |- =
-0.5 F -
“10F 1 L 1 L 1 ] 1 112
L (b) Jo6
O L i O
g ] Joo <
2 [ 1_ 2
E 3 1 ] ] 1 1% %
E 090} . . : 1-12 £
g 045F (© m g
£ 000 ~ 1 e
g 045 . g
£ —0.90 o e 030 £
e [ (d) : Jdois &
- N N— / 3 0.00
- ‘ r - -0.15
1.70 1 L 1 " 1 " 1 " 1 -0.30
085 | ©
0.00 | )
—0.85 - B
—170L 1 . 1 . 1 . 1 . 1 i
1800 1850 1900 1950 2000
Age/AD

Fig. 7 Comparison of the current study reconstructed temperature with (a) Chen et al. (2017b) tree-ring based reconstruction of
temperature for the northern Xinjiang; (b) Jiang et al. (2016) tree-ring based temperature reconstruction for the Mt. Altai region;
(c) Wang et al. (2016) reconstruction of temperature for Heihe River Basin using tree-ring width; (d) Liang et al. (2008) tree-ring
based summer temperature reconstruction for the source region of the Yangtze River on the Tibetan Plateau; (e) reconstruction of
temperature in the current study from Tamarix cones for Hongliujing, Lop Nur.
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tions for Qinghai Lake Basin (Shi et al., 2009) and the
Aksu Basin on the southern slopes of the Tianshan
Mountains (Zhang et al., 2009), and the dry/wet climatic
sequence for the Tanan region, based on Tamarix cones
(Lietal., 2019; Zhangetal., 2019), are also consistent
with our findings.

The precipitation series reconstructed in this study was
compared with other precipitation series reconstructed
based on tree rings in neighboring areas to verify the
representativeness of our reconstruction on a regional
scale. The precipitation reconstruction in eastern Qilian
Mountains (Hou et al., 2011) (Fig. 8(b)), eastern Xinjiang
(Chen et al., 2016) (Fig. 8(c)), Aksu River Basin on the
southern slope of Tianshan Mountains, and Hongliujing
area of Lop Nur (Fig. 8(e)) share a common trough in
~1975 AD, and peaked in ~1895 AD. In the 1920s, the
precipitation in the Hongliujing area of Lop Nor (Fig.
8(e)) increased significantly, which also occurred in the
Aksu River basin on the southern slope of Tianshan
Mountains (Zhang et al., 2009) (Fig. 8(d)).

It should be noted that the onset and termination times
of temperature and precipitation increases and decreases
in our climate reconstructions are not completely
synchronous with those of previous studies. Shi et al.
(2002, 2003) proposed that the climate in the arid region
of north-west China is “warm-wet”, which was more
obvious in Xinjiang. Yao et al. (2021) produced a tree-
ring-based climate reconstruction for the past 300 years
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and concluded that the climate in northern Xinjiang was
characterized by alternations of cold-dry and warm-wet
periods. However, Zheng et al. (2020) suggested that the
regional climate in Xinjiang was generally warm-dry or
cold-wet.

However, the relationship between temperature and
precipitation is complex, and they may not change
simultaneously. Temperature and precipitation exhibit
different response on different timescales. Local
environmental characteristics, including fluvial runoff,
lake level, vegetation cover, landforms and human
activities, may result in different temperature and
humidity configurations (Rehfeld and Laepple, 2016;
Ljungqvist et al., 2019). Moreover, the use of different
climate and environmental proxies may be an additional
source of uncertainty in climate reconstructions, even
within the same region.

6.4 Periodicity analysis

We used Morlet wavelet analysis to characterize our
climate series in the time and frequency domains. The
results for precipitation were like those for temperature,
and therefore we focus on the time-frequency analysis of
the average temperature in April. The wavelet transform
coefficients (Fig. 9(a)) indicate the presence of several
cycles with a scale larger than 10 years, and that the
intensity of temperature changes varied substantially over
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Fig. 8 Comparison of the current study reconstructed precipitation with (a) Lietal. (2022) tree-ring based precipitation
reconstruction for east of Yinshan Mountain; (b) Hou et al. (2011) reconstruction of precipitation for the eastern of Qilian Mountain
using tree-ring width; (c) Chen et al. (2016) tree-ring based precipitation reconstruction for the eastern of Xinjiang; (d) Zhang et al.
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Fig. 9 Results of wavelet analysis of the average April temperature in Hongliujing, Lop Nur. (a) Wavelet transform coefficients.
(b) Wavelet variances. (c) Variation of wavelet coefficients on different timescales.

time. The wavelet variance results (Fig. 9(b)) show three
distinct variance peaks with periods of 45 years, 29 years
and 14 years. Analysis of the wavelet coefficients of these
three main cycles (Fig. 9(c)) reveals that the
corresponding mean intervals for temperature are 30.9
years, 19.5 years, and 9.2 years, respectively. No shorter
cycles were evident, possibly because the sampling of
Tamarix cones within the sedimentary sequence was not
continuous, and because the reconstructed temperature
and precipitation series were linearly interpolated across
missing years. Although our data lack evidence of sub-
9.2-year cycles, it is possible that individual 9.2-year
cycles may comprise multiple 2-7-year cycles
superimposed.

7 Conclusions

We have produced a §'80 record from layers of Tamarix
cones intercalated within a sedimentary sequence in the
Hongliujing area of Lop Nur. We used this record to
analyze the relationship between §'80, temperature and
precipitation, and then to construct records of average
April temperature and average November precipitation
for the past 200 years. Our principal findings are as
follows.

1) 6'80 is significantly negatively correlated with the
temperatures of February, April, May, August, and
December, and with the annual mean values; significantly
negatively correlated with precipitation in February and
April; significantly negatively correlated with the
numbers of sunshine hours in March and May;

significantly positively correlated with the numbers of
sunshine hours for February, July, August, October, and
December, and the annual mean values; and significantly
positively correlated with relative humidity for April,
July, August, September, October, and November, and
with the annual mean values.

2) During the past 200 years, the Hongliujing area
experienced two warm periods (1874-1932, 2004-2019
AD) and two cold periods (1832-1873, 1933-2003 AD),
corresponding to two wet periods and two dry periods.
Thus, the climatic configuration was characterized by the
alternation of warm-wet and cold-dry intervals.

3) Three main cycles are evident in the records of
average temperature in April and average precipitation in
November: 45 years, 29 years, and 14 years.
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