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ABSTRACT

In recent decades, considerable advances have been made in dendroclimatic
reconstruction in the eastern monsoon region of China. However, understanding of
long-term hydroclimatic changes has not been comprehensive due to the complexity
of the regional geography in China’s north-south transitional zone. Growth-climate
response analysis indicated that springtime precipitation is the main factor limiting the
radial growth of pine trees in the Qinling-Bashan mour.a.nous area. Based on the
three tree ring chronologies distributed in the soutieast of Shaanxi Province, we
developed a March-June precipitation reconstrur ion spanning 1760-2020 CE for the
Qinling-Bashan mountainous area. Precipitativ.i1 reconstruction accounts for 40.6% of
the total precipitation variance durirg ‘he instrumental period 1955-2016. Spatial
correlation analysis indicated th.* the precipitation reconstruction recorded similar
common precipitation signals for he eastern Qinling Mountains and the Yangtze-Huai
River Basin. The results ¢ the superposed epoch analysis (SEA) revealed that low
precipitation was one . u.¢ main causes of severe drought and locust plague events.
The preliminary sy optic climatology analysis showed that our reconstructed
precipitation is closely linked to the EI Nifio-Southern Oscillation (ENSO) and Indian

Ocean Dipole (10D) variability.

Keywords: Qinling-Bashan mountainous area; Tree rings; Precipitation

reconstruction; Drought; Locust plague; Synoptic analysis

1. Introduction



Precipitation is one of the stable and sustainable sources of freshwater resources,
and is an important factor for social prosperity and ecosystem stability, especially in
many developing Asian countries with more population and agricultural production
(Al-Amin and Ahmed, 2016; Xia et al., 2017; Pokhrel et al., 2021). In China, water
resources are extremely unevenly distributed in spatial and temporal patterns,
especially in the eastern monsoon region (Xia, 2012). Due to the economic and social
prosperity of the region, the sustainability of water resourc.~ hus attracted increasing
attention. Understanding the regional precipitation v.riation is of great significance
for suitable water resource management (Meko ana Woodhouse, 2005; Cook et al.,
2010). Although efforts are made to promotr. u 2 rational allocation of water resources,
our understanding of the long-terr. 1 giunal water cycle mechanism since the
instrumental climate data only cov~r the past few decades.

Due to their high annual resc lu'ion, long temporal coverage, and annual accuracy,
tree rings represent a valua.'le ciimate proxy indicator for understanding past climatic
and hydrological var’uians (e.g., Cook et al., 2016; Bintgen et al., 2016; Xu et al.,
2019a; Shang et al., . 020; Pearson et al., 2020; Chen et al., 2021a). During the past
two decades, several tree-ring chronologies have been developed for climate
reconstruction in the monsoon region of eastern China (e.g., Xu et al., 2013; Cai and
Liu, 2017; Zhao et al., 2019; Chen et al., 2020; Chen et al., 2021b), including the
Qinling Mountains and Huai River regions. This geographic feature divide China’s
monsoon zone into north and south, showing distinct natural and cultural conditions

(e.g., Hughes et al., 1994; Garfin et al., 2005; Liu et al., 2009; Chen et al., 2013, 2016;
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Yang et al., 2016; Hu et al., 2018; Zhao et al., 2019; Zheng et al., 2021). However,
previous reconstructions have mainly focused on the connection to north-central
China, while few studies have showed the similarity in the Yangtze-Huai River region.
Due to the complex mountainous terrain and spatial differences in the local climate of
the Qinling-Bashan mountainous area in China’s north-south transitional zone, it is
necessary to develop further precipitation reconstructions to interpret the past drought
variation.

China has been a primarily agricultural cour‘ry since ancient times, with
cultivated land and grain production ranked amcng the highest in the world.
Agricultural disasters have occurred frequr.ii.y throughout history, causing serious
economic losses, especially by droue’it . na 'ocust plague (Zhai, 2005; Zhang, 2008;
Tian et al., 2011). Tree-ring rexards can provide support for related studies on
agriculture and climate in the past (Stahle et al., 2012; Chen et al., 2022), but they still
lack in the eastern China. ~oncurrently, these disasters are often related to extreme
climate variation, whi.> has been linked to sea surface temperature, especially in the
monsoon region. Wu >t al. (2003) and Sun et al. (2021) found that EI Nifio-Southern
Oscillation (ENSO) events profoundly affected the subsequent precipitation in eastern
China, which was characterized by an increase in precipitation in the south and a
decrease in the north during El Nifio years, while the opposite was found during La
Nifa years. Zhang et al. (2022) emphasized the influence of the Indian Ocean Dipole
(10D) on precipitation in eastern China and analyzed the similarities and differences

with ENSO. Therefore, it is necessary to deepen the analysis of the influence of
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precipitation variation on agricultural disasters and the causes of extreme precipitation
events from a long-term perspective.

In this study, we present a March-June precipitation reconstruction spanning
1760-2020 CE in the Qinling-Bashan mountainous area. This precipitation
reconstruction was conducted using a composite tree-ring growth chronology from
Pinus bungeana and Pinus tabuliformis applying three sites across southeastern
Shaanxi Province. The precipitation reconstruction will w. 0y great significance to
multiple water resource management planning and hih-o Jality economic and social
development. Therefore, the purposes of our stitly ae as follows: (1) to analyze the
response of the composite chronology ‘o climate factors; (2) to reconstruct
precipitation and analyze its variatio’s; \3) .2 analyze the spatial correlation pattern
and compare it with other recons. uctions; (4) to study the effects of precipitation on
drought and locust plague; and (5) to explore the synoptic climatological causes

involved in extreme precip..ation events.

2. Materials and methor.s

2.1. Study area

Our study region is located at the east of the Qinling-Bashan mountainous area,
which is in the China’s north-south transitional zone (Fig. 1a). Surrounded by the Wei
River, Han River, Huai River, Yellow River, and Yangtze River, the region has
abundant water resources and has made great contributions to China’s water supply

system, such as the South-to-North Water Transfer Project (Li et al., 2015). The study



area is part of the eastern monsoon region of China and the east of Hu line (Hu, 1935),
with a dense population and developed economy (Fig. 1b). Controlled by the Asian
monsoon system, the precipitation and temperature reach their peaks during the
summer and early autumn periods. Data from Shangxian meteorological station
during 1955-2016 show that the annual average precipitation is 695.5 mm, and the
annual average temperature is 12.9 °C, showing a weak downward and upward trend
respectively (Fig. 2.b, d). It is noteworthy that the .~te.decadal variation in

precipitation is more significant than the average temp >rattre (Fig. 2.a, c).

2.2. Sampling and chronology development

As two of the dominant tree species 1> on.r study region, Pinus bungeana and
Pinus tabulaeformis are very sensitiv ~ 17 climate variation. Tree-ring samples (WXS,
DLS, and HPC) were collected fro,. three sites in southeastern Shaanxi Province,
China (Fig. 1; Table 1). Corz2s ¥ WXS were sampled in Wuxian village, Shangluo
City in 2018. Cores of DLC were sampled in Dalao mountain, Shangluo City in 2018.
Cores of HPC were ~ami led in Huaiping village, Ankang City in 2020. Table 1 lists
the site information uf the three sites, including latitude and longitude, elevation, and
cores/trees. To obtain better regional climate signals, we selected shallow or rocky
soil of open forests for sampling and only selected healthy trees. For the most suitable
trees, we used increment borers to sample two cores of each tree from different
directions at breast height. In total 133 tree-ring cores were collected at the three
sampling sites.

After being fixed and air-dried naturally, all newly collected samples were
6



uniquely numbered and sanded smooth. The width of each tree ring was measured at a
resolution of 0.001 mm with the CDendro 9.4 analysis system and proofread with the
software TSAP-Win. The quality of cross-dating was controlled by the results of
COFECHA software, which uses correlation analysis to check the dating reliability
(Holmes, 1983). COFECHA results showed that the mean intercorrelation of the
ring-width series from the WXS chronology was 0.575, with an average mean
sensitivity of 0.349 and a probability of absent rings of ¢.?5.%. In the other DLS
(HPC) chronology, the results were 0.471 (0.436), 0.206 [0.295), 0.375% (0.639%),
respectively. The tree-ring growth chronology w: s acveloped with a bi-weight robust
mean method using the ARSTAN prograr: - Cook, 1985). To remove undesirable
growth trends linked to age, we r.u.e e negative exponential functions and
Friedman smoothing curves to .*andaraize the data (Cook, 1985; Yamaguchi and
Cook, 1991). Since the residuar ‘hronology (RES) yielded the strongest correlation
with instrumental March-Ju e piecipitation, we used the RES chronology for our final
reconstruction. In adrl..ion, che expressed population signal (EPS, Wigley et al., 1984)
was computed to obte'n the reliable part of the composite chronology. The composite
chronology applied in the reconstruction dated back to 1760 CE, as the EPS value
reached 0.85 and the sample depth reached 10 cores (Fig. 3a). The composite
chronology has high statistical eigenvalues, such as the mean sensitivity and
signal-to-noise ratio, indicating the common environmental influence on the radial
growth of trees (Table 2). Meanwhile, the correlation coefficients between the

composite chronology and the three chronologies (WXS, DLS, and HPC) are 0.785,
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0.538, and 0.563 respectively; the first-order differential correlation coefficients are
0.805, 0.605, and 0.691 respectively. The significant correlations indicate that the
composite chronology can capture the common high and low frequency changes of all

tree-ring cores.

2.3 Data and analysis

The monthly climate data (1955-2016) were obte r2d from the Shangxian
meteorological station, which is the closest climate stat.nn, with no data gaps. The
relationships between tree growth and climate *ictuis were analyzed from the
previous July to the current November (17 monu.>* by Pearson correlation analysis
(Blasing et al., 1984). A simple linear 1:aression equation was established for
precipitation reconstruction. To exa™ire the dependability and applicability of the
reconstruction model, we conducied a split-sample calibration-verification test,
including the correlation coeiSicient (r;), explained variance (R?), correlation
coefficient of the first diticvernce (r2), product mean test (PMT), F test (F), reduction
of error (RE) anAd a ‘era je coefficient of efficiency (CE) (Cook et al., 1999). The
coefficient of variauon (CV) was used to describe the degree of discreteness of
instrumental and reconstructed precipitation.

To remove the interannual signal and obtain the long-term chronological signal,
we smoothed our precipitation reconstruction through the low-pass filtering method
for 15 years. The wet (dry) periods were identified if the smoothed values were higher
(lower) than the overall mean without a break for exceeding 9 years (= 9 years) (Li et

al., 2022). A single value lower than 2 standard deviations (SDs) compared to the
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average value was recognized as an extremely low precipitation year. The 10-year
average value and cumulative anomaly curve were also used to eliminate outliers and
determine the continuous variation characteristics of precipitation. The multitaper
spectral analysis method (MTM) was used to calculate the principal cycles of the
precipitation reconstruction (Therrell et al., 2006).

Superposed epoch analysis (SEA; Haurwitz and Brier, 1981) was applied to
analyze the response of major drought and locust pluy.e avents in relation to
precipitation variations. If the events occurred, they \ /ere recorded as zero years. At
the same time, the variations 6 years before and a ter .he event year were tested. In the
case of multidecadal composites of drouyn: or locust plague, we used 15-year
low-pass filtered precipitation reconst.uc ior, and only selected the 10 strongest event
years (Wang et al., 2017). An evont year was not selected if it was close to another
event year. For every multidec:d?l composite, the 95% confidence interval was
determined as the composi.> mean + 2 SDs.

We calculated u» opatial correlation patterns between the reconstructed
precipitation and griai'ed data, including the 0.5°x0.5° gridded precipitation (CRU TS
4.05; Harris et al.,, 2014) and standardized precipitation evapotranspiration index
(CSIC SPEI; Begueria et al., 2014). In addition, we considered the sea surface
temperature (SST) from the HadISST dataset (Rayner et al., 2003). The water vapor
analysis was carried out using the Community Earth System Model Last Millennium
Ensemble (CESM-LME) simulation (Otto-Bliesner et al., 2016). CESM-LME data

were obtained by coupling the atmosphere, ocean, land surface, sea ice, and land ice
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through CESML1.1, with a resolution of 2°x2°. We used the all-forcing multi-model
ensemble average of 10 members for analysis to eliminate the randomness of
individual members. Several studies have proved the rationality of the influence of
CESM-LME on large-scale circulation in eastern China (Zhou and Jiang, 2021; Xue
et al., 2022). To reveal the causes of extreme precipitation, the SST anomalies from
the previous December to current June during 1870-2020 were composited.
Furthermore, we analyzed the impact of ENSO and 1OD ¢ precipitation and 850 hPa
water vapor transport anomalies during 1760-2005 in the C ESM-LME simulation. For
the selection of ENSO event years, we used tne .alculation method of the ONI
provided by the National Oceanic and Atmo~pr.eric Administration (NOAA), which is
the moving average of SST anomaly «n N2 3.4 area (5°S-5°N, 120°W-170°W) for
three consecutive months. For ‘he selection of IOD event years, we used the
calculation method of the DMI pinvided by Saji et al. (1999), which is the difference
between the SST anomalv < f the tropical West Indian Ocean (10°S-10°N, 50°E-70°E)

and the equatorial sor:u:~asc Indian Ocean (10°S-0°, 90°W-110°W).

3. Results

3.1. Precipitation reconstruction

The results of the climate response showed that tree-ring growth overall was
positively correlated with precipitation and negatively correlated with temperature
(Fig. 3b). Significant positive correlations (p < 0.05) with the precipitation occurred in

the current March (r = 0.268), April (r = 0.313), and May (r = 0.398), and significant
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negative correlations (p < 0.05) with the temperature occurred in the current May (r =
-0.432) and June (r = -0.292). After correlation analysis with different monthly
combinations, the composite chronology responded most positively to total
March-June precipitation (r = 0.637, p < 0.001), and responded most negatively to
mean May-June temperature (r = -0.483, p < 0.001). Physiologically, total
March-June precipitation is the critical climate variable in the Qinling-Bashan
mountainous area, affecting water availability and henc. (e /adial growth of pine
trees. Therefore, we developed total March-June precipit: tion reconstruction for the
Qinling-Bashan mountainous area since 1760 CE

The transfer model was developed as fc e ws:

Y = 31.543 + 202.6X

where X is the composite ch."nology and Y is the total March-June precipitation
reconstruction (mm).

The CV of the insti:mernital precipitation was 0.275, while the CV of the
reconstructed precip*u:ion, was only 0.176. Except for the size of some extreme
values, the reconstructed precipitation fit well with the instrumental precipitation on
the inter-annual scale (Fig. 3c, d). The reconstruction explained 40.6% of the actual
March-June precipitation variation from 1955 to 2016. Meanwhile, at high-frequency
comparisons, the correlation coefficient of the first-order differences was 0.753. The
results of the split verification test indicated that the reconstruction was reliable (Table
3). The values of RE and CE were strongly positive, and ry, r,, PMT and F were all

found at the 0.01 significance level, which indicates the validity of our reconstruction
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model. Therefore, the final reconstruction of the total precipitation from March to

June for the Qinling-Bashan mountainous area extended from 1760 to 2020 CE.

3.2. Characteristics of precipitation reconstruction

The springtime (March-June) precipitation reconstruction provided important
information about precipitation variations (Fig. 4a). The precipitation reconstruction
spanned 261 years (1760-2020). The mean precipitatioi was 232.2 mm and the
standard deviation (SD) was 37.8 mm. The precipitatic ™ reonstruction included 9
continuous wet periods (1760-1775, 1779-1787, 1£32-.043, 1859-1873, 1882-1896,
1905-1922, 1935-1955, 1965-1978, 1988-1996, and 7 continuous dry periods
(1788-1799, 1808-1818, 1844-1854, 1922-1734, 1956-1964, 1979-1987, 1997-2013)
(Fig. 4b; Table 4). Extremely low prc-irtation years (< 156.5 mm) occurred in 1786,
1795, 1821, 1835, 1847, 1857 1:11, 1929, and 2007. At the same time, the
cumulative anomaly curve #na *he 10-year average showed that the precipitation
reconstruction fluctuated .t was higher, after experiencing significantly low values
in the early 19th ce~tur and the early 20th century. Subsequently, it showed low
values at approximately 2000 CE (Fig. 4b). MTM analysis indicated interannual
cycles of 2-5 years (Fig. 5).

The precipitation reconstruction showed a clear connection (P < 0.05) with the
March-June gridded precipitation from 1901 to 2020 over a vast geographical area,
especially in the eastern Qinling Mountains and the Yangtze-Huai River Basin (Fig.
6a). Similar spatial correlation patterns appeared between the reconstructed

precipitation and SPEI from 1901 to 2018 (Fig. 6b). After extracting the large-scale
12



precipitation and SPEI data of the eastern Qinling Mountains and the Yangtze-Huai
River Basin (28°-36° N, 108°-118° E), we find good consistency with our
reconstructed precipitation (Figure 6c¢, d; r = 0.336/0.386, n = 120/118, p < 0.001).
After obtaining the chronological signals through 10-year low-pass filtering, the
change trends were basically consistent since 1960, a period covered by instrumental
climate data. These results indicated that our precipitation reconstruction was able to
capture drought signals in eastern China, especially *.i the China’s north-south
transitional zone.

Our precipitation reconstruction was comnpa'ed with other’s precipitation
reconstructions based on tree rings in t'e eastern Qinling Mountains and the
Yangtze-Huai River Basin (Fig. 7,. The correlation coefficients between our
reconstruction and Chen et al. (2016; 2013) in the Qinling Mountains are 0.341 (p <
0.01) and 0.226 (p < 0.01), resoe tively. There are also consistent variations between
our study and the precipita.*on 1econstruction (Xu et al., 2019b) in the Yangtze-Huai
River Basin (r = 0.229, p = 0.007). The correlation between our precipitation
reconstruction and th. precipitation reconstruction in the south of the Yangtze River
(Shi et al., 2015) has declined to some extent (r = 0.121, p = 0.130). In conclusion,
our reconstruction can capture a wide range of common precipitation signals, mainly
in the eastern Qinling Mountains and the Yangtze-Huai River Basin. After crossing

the Yangtze River southward, the correlation decreased to some extent.

4. Discussion
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4.1. Growth-climate response and regional drought variation

The tree-ring growth showed positive correlation with precipitation and negative
correlation with temperature, indicating that tree-ring growth is affected by drought
variations in the Qinling-Bashan mountainous area. The significant correlations were
concentrated in the early growing season. Narrower tree rings are formed under
higher temperature and less precipitation conditions, while wider tree rings are formed
under lower temperature and more precipitation conditiors (Zhuo et al., 2019; Gao et
al., 2021). The SPEI showed a similar or even more si 'nifi :ant spatial correlation (Fig.
6.b), which can directly reflect the dry and wet v: riai.9ns by considering precipitation
and temperature. During the early growinr, +zason, water deficiency can limit the
expansion of cambium cells and the oer \ng f leaf pores, inhibiting the radial growth
of trees (Fritts, 1976). Evaporatio.” increases due to higher temperatures, exacerbating
the existing water deficiency. A< the sampling sites and meteorological station are
located in the eastern Qini.ng Mountains, the altitude gradually decreases eastward.
Therefore, the easterr. Qiriing mountains may have similar circulation patterns to the
Yangtze-Huai River E asin, and thus have consistent precipitation changes (Ping et al.,
2014).

At the same time, our reconstruction is highly correlated with other tree
ring-based precipitation reconstructions in the eastern Qinling Mountains and the
Yangtze-Huai River Basin (Fig. 7). After smoothing through 15-year low-pass
filtering, seven common dry periods occurred in 1776-1779, 1808-1818, 1849-1855,

1901-1905, 1923-1932, 1961-1965, and 1997-2008. The comparison of
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reconstructions showed that the drought events in 1808-1818, 1923-1932, and
1997-2008 were the worst since 1760 CE, which covered a wider region. From 1811
to 1814 CE, a severe drought occurred in eastern and central China, lasting eight years
in some places (Tan, 2013). The extreme drought in the late 1920s led to
unprecedented disasters, including severe famine and death (Zhai, 2005; Chen et al.,
2013). In the early 21st century, the drought trend occurred in Qinling-Bashan
mountainous region (Liu et al., 2019; Gao et al., 207%,, bat water conservancy
projects and artificial regulation reduced losses to a ce tain extent (Lu et al., 2016; Xu
et al., 2020). In summary, our reconstruction catiturcd broader regional precipitation
variation, and it is of great significance to urue.stand the long-term drought variations

in these regions.

4.2. Linkage with drought and !~cuct plague

The lack of spring precipiction often leads to agricultural disasters and grain
reduction, especially in Ci.ina, which is a large agricultural and populous country. We
used the superposad ~ooch analysis (SEA) for precipitation reconstruction through 30
drought events and ouU locust plague events recorded throughout history. The lists of
the drought and locust plague years, based on historical documents were used for tests.
Drought events were selected from “Chinese Meteorological Disasters Ceremony
(Shaanxi Volume)” (Zhai, 2005), which are located near the sampling sites and
describe severe droughts. Locust plague events were selected from “History of Locust
Plague in China” (Zhang, 2008), which outbroke in summer and autumn and the

levels were 2 or above. Due to locust migration and high frequency of locust attacks,
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we chose locust plague events in the eastern Qinling Mountains and the Yangtze-Huai
River Basin.

The results indicated that precipitation was significantly lacking in drought and
locust plague years (Fig. 8a, ¢). The results of the multidecadal composites also found
a lack of precipitation (Fig. 8b, d), where prolonged absences of precipitation led to
air and soil moisture deficiency, providing the conditions of magnitude droughts
(Chen and Sun, 2015; Jiang and Wang, 2021). Lower p.~Cipitation increased the
places suitable for locusts to lay eggs and provided pli nts ' vith less water, resulting in
greater viability and fecundity (Tian et al., 2r11). Precipitation decreased by an
average of 22.9% in drought years, while « Jecreased by an average of 11.9% in
locust plague years (Table 5). The 'ixcr 01 precipitation was one of the causes of
large-scale drought and locust plag'ie events, which further led to famine. Therefore, a
disaster chain of "climate-drc'cht/locust-famine” has been formed, causing
population reduction and sc~ial unrest (Kong et al., 2017). The most serious example
was observed from 1172 to 1931, when extremely low precipitation led to the
simultaneous outbrec< of severe drought and locust plague events, leading to
countless deaths and recessions. Tree-ring records provide evidence of the possible

role of climatic variations in the outbreak of drought and locust plagues.

4.3. Synoptic climatology analysis of extreme precipitation years
To reveal the climatic driving force of extreme precipitation events, we
synthesized the SST of the 10 wettest and driest years during 1870-2020 (Fig. 9a, b).

As the winter SST change plays an important role in the East Asian precipitation for
16



the following year (Wang et al, 2000; Wu et al., 2003), we selected the
December-June SST for analysis. The results of composite maps showed that ENSO
and 10D are the causal mechanisms of precipitation variation in the Qinling-Bashan
mountainous area. The rise in SST in the equatorial eastern Pacific and the Indian
Ocean occurred in the wettest years, while the opposite occurred in the driest years.
The 2-5 year cycles of precipitation reconstruction are also similar to the cycles of
ENSO and IOD.

According to the average December-June ONI and DMI in CESM-LME, we
synthesized the precipitation and 850 hPa water \vapc* transport anomaly maps of the
strongest 10 years respectively. The results 1 .he CESM-LME simulation (Fig. 9c-f)
indicated that ENSO and 10D playec 11 voi:ant roles in water vapor transport in the
Qinling-Bashan mountainous aica. In gl Nifio and warm 10D years, with the
southward movement of the Wetern Pacific subtropical high and the increase in
water vapor in the Indic.> Ocean, the precipitation in the study area and the
Yangtze-Huai River Eu2in increased (Zhang et al., 1999; Wu et al., 2003; Zhang et al.,
2022). In La Nifia anu cold 10D years, in contrast, the rain belt moved northwards and
the water vapor in the Indian Ocean weakened, resulting in less precipitation in the
study area (Zhao et al., 2011; Sun et al., 2021). Some studies have shown that the
frequency of extreme ENSO and 10D events increases with global warming (Cai et al.,
2014; 2021), which may lead to an increase in the frequency of extreme precipitation
events in the study area. Overall, one of the vital driving forces for the complex water

vapor transport in the Qinling-Bashan mountainous area is large-scale
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ocean-atmosphere-land circulation systems.

5. Conclusion

Based on tree rings from three sampling sites in southeastern Shaanxi Province,
China, we established a composite tree-ring width chronology, which allowed us to
reconstruct the springtime (March-June) precipitation variations in the
Qinling-Bashan mountainous area since 1760 CE. The ‘econstructed precipitation
experienced 9 and 7 continuous wet and dry periods, resoer tively, determining that
the main cycles occur with a frequency of 2-5 years.

As shown in our study, precipitation variation.> are related to the eastern Qinling
Mountains and the Yangtze-Huai River Besi> but not only to the north-central China.
At the same time, the reconstructio,. a',0 provides evidence of droughts and locust
plagues, both linked to climatic ci."nge processes. The decrease in precipitation
constitutes an important lirk .~ the generation of environmental disasters. Our
analyses indicate the inumawe linkage of regional precipitation variation in the
Qinling-Bashan mountair.ous area with some large-scale climate forcing, such as the
ENSO and 10D.

However, our precipitation reconstruction needs to be improved as it is based on
only three sample sites, covering the last 260 years and restricted to a small region.
Therefore, it is of vital importance to continue developing systematic precipitation
reconstructions in the Chinese monsoonal region. These efforts will provide better
estimates to recognize the long-term changing characteristics of the climate and

atmospheric circulation patterns that affect water availability, essential elements for the
18



sustainable management of water resource.
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