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Radial growth and response mechanism of Larix sibirica in the

eastern Altay Mountains under the background of climate change

1,2,34*% 1,23

Xiaoxia Gou"*?, Tongwen Zhang , Shulong Yu"??, Huaming Shang"*?,

3

Ruibo Zhang"*?, Li Qin"*?, Kexiang Liu"*?, Shengxia Jiang"*?, Dong Guo"*?, Yuting Fan"*?
'Institute of Desert Meteorology, China Meteorological Administration, Urumgi 830002, China; *Key
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Abstract: Against the background of climate warming and humidification in Xinjiang, China, the so-called

‘divergence problem’ reduces the stability of tree rings in response to climate, and affects the reliability
of reconstructed models based on tree rings and the accuracy of historical climate series. Investigation
of the divergence problem is crucial to improve our understanding of the response patterns of trees to
climate warming, and provide a scientific basis for accurate climate reconstruction and simulation of forest
dynamics. Based on tree-ring width data for Siberian larch (Larix sibirica Ledeb.) growing at low elevations
in the eastern Altay Mountains, in this study we analyzed the response relationship between radial growth
of trees and climatic factors in the context of abrupt climate change in this region. We calculated the
proportional contribution of five climatic factors to the radial growth of trees, and discussed the response
mechanism of radial growth of L. sibirica in combination with large-scale atmospheric circulation. The
results indicated that the radial growth of L. sibirica was mainly affected by water stress. Before climate
change (1961-1990), the radial growth of L. sibirica was mainly limited by the mean temperature in
the previous June. After abrupt climate change (1991-2020), radial growth was significantly positively
correlated with winter soil moisture, indicating that high temperatures in the following spring limit the
radial growth of trees in the early stages of the growing season. The contribution analysis results revealed
that, before 1990, the proportional contribution of temperature to radial growth of trees exceeded 60%.
Since 1990, the proportional contribution of water (precipitation and volumetric soil water) to radial
growth of L. sibirica increased. This might reflect the combined effects of local climatic conditions and
large-scale atmospheric circulation.

Keywords: Altay Mountains; Larix sibirica; Tree-ring; Response analysis; Atmospheric circulation
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Effect of Climate and Competition on Radial Growth of Pinus sylvestris var.
mongolica Forest in Hulunbuir Sandy Land of Inner Mongolia, China
Shuo Wen'?, Zhongjie Shi'?, Xiao Zhang'?, Leilei Pan’, Semyung Kwon®, Yuheng Li"% Xiaohui Yang'?,
Hanzhi Li"*

'Research Institute of Ecological Conservation and Restoration, Chinese Academy of Forestry, Beijing,
China, 100091; *Research Institute of Desertification Studies, Chinese Academy of Forestry, Beijing, China,
100091; ’Institute of Ecological Restoration, Kongju National University, Gongzhou City, Republic of Korea,

32439

*E-mail: Ihz@caf.ac.cn

Abstract: (1) Background: The forest of Pinus sylvestris var. mongolica is an important semi-arid ecosystem
in Hulunbuir sandy land that plays a key role in the carbon cycle and wind erosion control. It is crucial to
explore the main factors affecting the radial growth of trees of P. sylvestris var. mongolica. (2) Methods: The
study established the tree-ring chronology of P. sylvestris var. mongolica and analyzed the relationships
among the radial growth, competition index, and climate variables using correlation analysis and a linear
mixed effect model to explore the influence of competition and climate on radial growth of P. sylvestris var.
mongolica. (3) Results: The results indicated that tree growth is mainly affected by the maximum average
temperature (T.) and precipitation in June and July of the current year and that tree growth significantly
decreased with increasing competition pressure. Analysis of the linear mixed effect model showed that tree
age, competition intensity, self-calibrating Palmer drought severity index (scPDSI) from May to July, and
vapor pressure deficit (VPD) have a significant impact on radial growth. (4) Conclusions: The competition
plays a dominant role in radial growth of P. sylvestris var. mongolica compared to climate factors. This study
helps to understand the growth mechanism of P. sylvestris var. mongolica forests under climate change and
provides a scientific basis for effective management of semi-arid forests.

Keywords: competition; growth—climate correlation; tree-ring; linear mixed model; P. sylvestris var.

mongolica
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Will Future Extreme Climate Events Cause Forest Degradation in Daxing’ anling, China?
ISR AR EE

| FESSBEEEATIVESKMRN RAFREAERLNE
*E-mail: 1941282674@qqg.com

Abstract: Daxing’ anling Mountain is highly affected by extreme weather and therefore, vulnerable to
ecological deterioration. Forests in this region have been heavily affected by extreme events; however,
how forests will change in the future remains uncertain. To determine the trends and reasons for extreme
climate change from 1972 to 2015, reanalysis data were used to assess the potential forest degradation
resulting from future extreme climate events. Using tree-ring width chronologies of P. sylvestris var.
mongolica (P. sylvestris) and Larix gmelinii (L. gmelinii), we performed a comparative analysis of the
relationships between radial growth of these two tree species and extreme indices based on Pearson
correlations. The functions between extreme climate and tree-ring width were then used in the LASSO
algorithm. Based on the CMIP6 models under the intermediate emission scenario (SSP2-4.5) and an
algorithm, we projected the tree ring width of the two species from 2015 to 2100 using calibrated
meteorological fields. We identified an increasing trend for extreme warm events and a declining trend
for cold events. The tree-ring chronologies of both species correlated negatively with extreme warm
temperature indices and positively with extreme precipitation indices. P. sylvestris responded more
significantly to extremely high temperature indices and precipitation, with a certain lag effect. Meanwhile,
L. gmelinii responded significantly to extremely cold temperature indices. “Tree species specificity” may
be the reason the two species show different growth-climate relationships. The growth of P. sylvestris may
largely decrease under extreme climate change conditions, whereas the effect on L. gmelinii future growth
was not significant. The predicted growth series in the 2015-2100 period showed that three abnormally
high values (2020, 2033, 2036), six abnormally low values (2077, 2081, 2085, 2086, 2093), and one extreme
abnormally low value (2073) occurred in P. sylvestris, and two extreme abnormally low values (2017, 2019),
four abnormally low values (2029, 2074, 2085, 2098), and abnormally high values (2034, 2068, 2075)
occurred in L. gmelinii. Our findings can help ensure the resilience and sustainability of forest ecosystems
in the face of extreme climate change and contribute to improved forest management strategies and

conservation efforts.
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Site-specific climate sensitivity of tree-growth and wood anatomical features of
Juglans regia L. in Bhutan Himalaya
Jambay Dema'?, Zaw Zaw', Ze-Xin Fan'?, Shankar Panthi"’, Peili Fu"’
' CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences, Menglun, Mengla, Yunnan 666303, China; * University of Chinese Academy
of Sciences, Beijing 100049, China; * Ailaoshan Station of Subtropical Forest Ecosystem Studies,

Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Jingdong, Yunnan 676209, China

*E-mail: fpl@xtbg.org.cn, shankar.panthi@xtbg.ac.cn

Abstract: Climate change significantly impacts tree growth in the Himalayas, making it crucial to
understand its impact on species such as Juglans regia L. (Common or Persian walnut). Despite having a
vital economic and ecological role across the Himalayas, little is known about how environmental changes
influence the sensitivity of tree growth and wood anatomical traits of this species. In this study, we
developed and investigated tree-ring width (TRW) chronology and time series of six quantitative wood/
vessel anatomical (QWA) features of Persian walnut trees from two sites in the Bhutan Himalayas differing
in elevation, slope, and aspect. We evaluated how TRW and vessel anatomical features respond to climatic
conditions and extreme climate events for the period 1960 to 2020. We found the climate sensitivity of
tree growth varied between the two study sites, with the southwest-facing Dodeyna site (DOD) exhibiting
higher moisture sensitivity than the north-facing Chimithangka site (CHI). The climate sensitivity of vessel
traits was much stronger than that of tree-ring widths, particularly at the DOD. Moreover, the correlations
between vessel traits and climatic factors differed between the two sites. Hydraulic-efficiency-related
vessel traits (Mean vessel area, MVA; theoretical hydraulic conductivity, Kh; and hydraulic diameter, Dh)
revealed significant positive moisture sensitivity and the hydraulic-safety related vessel traits (vessel
density, VD; and vessel grouping index, RVGI) revealed significant negative sensitivity at the DOD site but
the relationship was either non-significant or opposite at CHI site. Variations in MVA and Kh were observed
during extreme climatic events (dry and wet years) at both sites. Notably higher RVGI at the DOD site
during dry years indicated an enhancement to conductive safety against drought. These findings highlight
the climate sensitivity of tree-ring vessel traits is determined by hydraulic efficiency—safety trade-off, which
tends to be site-specific and mediated by aspect. Given its ecological and economic significance, there is
an urgent need for the conservation and sustainable management of this species in the Bhutan Himalayas.
Keywords: Bhutan Himalaya, Climate sensitivity, Intra-annual variation, Juglans regia, Quantitative wood

anatomy, Tree-rings, Vessel anatomical features
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Drought facilitated the westward expansion of the Mongol Empire in the 1230s
Weipeng Yue', Feng Chen'**, Olga Solomina*>’, Jan Esper®’, Nicole K. Davi®*’, Ulf Biintgen™'*"", Shijie
Wang', Vladimir Matskovsky*, Caroline Leland®’, Max C.A. Torbenson®, Magdalena Opata-Owczarek'?, Mao
Hu'?, Zulfiyor Bakhtiyorov'", Xiaoen Zhao'?, Yang Xu', Heli Zhang'?, Youping Chen', Fahu Chen'*">"®"
'Yunnan Key Laboratory of International Rivers and Transboundary Eco-Security, Institute of International
Rivers and Eco-Security, Yunnan University, Kunming 650500, China; *Southwest United Graduate School,
Kunming 650500, China; *Key Laboratory of Tree-ring Physical and Chemical Research of the Chinese
Meteorological Administration/Xinjiang Laboratory of Tree-ring Ecology, Institute of Desert Meteorology,
Chinese Meteorological Administration, Urumgi 830002, China; “Institute of Geography RAS, Moscow,
Russia; *HSE University, Moscow, Russia; °Department of Geography, Johannes Gutenberg University,
Mainz, Germany; 'Global Change Research Institute, Czech Academy of Sciences, 60300 Brno, Czech
Republic; ®Department of Environmental Science, William Paterson University, Wayne, NJ, USA; °Tree-
Ring Lab, Lamont-Doherty Earth Observatory, Columbia University, NY, 10964 USA; "°Department of
Geography, University of Cambridge, Cambridge CB2 3EN, UK; ""Department of Geography, Faculty of
Science, Masaryk University, 611 37 Brno, Czech Republic; "Institute of Earth Sciences, Faculty of Natural
Sciences, University of Silesia in Katowice, Poland; *Khujand Science Center, National Academy of Sciences
of the Republic of Tajikistan; ALPHA, State Key Laboratory of Tibetan Plateau Earth System, Environment
and Resources (TPESER), Institute of Tibetan Plateau Research (ITPCAS), Chinese Academy of Sciences
(CAS), Beijing 100101, China; "*College of Resources and Environment, University of Chinese Academy of
Sciences, Beijing 100049, China; '®"MOE Key Laboratory of Western China's Environmental System, Lanzhou
University, Lanzhou 730000, China
*E-mail: feng653@163.com, olgasolomina@yandex.ru, fhchen@itpcas.ac.cn

Abstract: The Mongol Empire's Western Expedition stands as the most impactful historical event shaping
the historical trajectory of the Eurasian continent in the second millennium. However, the climatic
spatiotemporal patterns during the Mongol Empire's Western Expedition have remained inadequately
elucidated. Here, we reconstruct changes in summer water balance on the East European Plain between
943 and 2019 CE. Integrating tree-ring climate-hydro sequences from Central Europe, Central Asia, East
Asia, we comprehensively delineate the climatic backdrop along the empire's western expansion route,
demonstrating the pivotal role of climate in driving the Mongol Empire's expansion. We posit this as an
outcome of the Eurasian continent experiencing a warmer climate during the Medieval Warm Period.
Specifically, the extensive dry grassland environment bolstered the military effectiveness of Mongol
cavalry, but weakening less mobile settled agriculture. This arid fuel effect likely persisted consistently
along the primary route of the Mongol Empire's Western Expedition (1227-1241). Simultaneously, we
provide estimations of potential future drought trends under warming scenarios, emphasizing that the
future intensity and frequency of droughts may exceed the range of natural hydroclimate variability,
posing unprecedented risks/to crﬁ)p yields in the East European Plain.
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Tree Species Mixing on Tree Radial Growth and Resilience to
Climatic Response in Temperate Forest Plantations of Laoshan Mountains, Eastern China
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Abstract: This study conducted a comparative analysis by establishing four tree ring-width chronologies
to quantify the radial growth, climate sensitivity and ecological resilience of two tree species, black pine
(Pinus thunbergii) and black locust (Robinia pseudoacacia) in mixtures and their corresponding monocultures
plots in Laoshan Mountains of Qingdao, eastern China. The results indicate the growth rates of both
tree species in mixtures were higher than those in monocultures, possibly due to the complementary
effect of the two evergreen and deciduous tree species. Furthermore, two tree species, especially black
locust, in mixtures showed less sensitivity to water availability. In mixed and pure forests, black locust to
temperature response was stable in the growing season, while black pine was not stable. Growth-trend
analysis revealed a significant decline in two tree species in both mixtures and monocultures since the
beginning of the 21st century, indicating that the recent warming and drying climate highly influence tree
growth in Laoshan Mountains. Lastly, species mixing significantly enhanced the drought resilience for both
black pine and black pine, showing the higher recovery of both the two species in mixtures than in their
respective monocultures. These findings provide a theoretical basis for assessing the effects of climate
change and species mixing effect on tree growth and ecological benefits, as well as for the management
of tree species in temperate forest plantations in the future.

Keywords: mixing effect; drought resilience; growth trend; tree ring data; forest plantations
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Enhanced growth resistance but no decline in growth resilience under long-term extreme droughts
Xiaona Wang'?, Taoran Xu'?Chenxi Xu?, Hongyan Liu*, Zhenju Chen’, Zongshan Li°,
Ximeng Li’, Xiuchen Wu'*’
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100875; *Faculty of Geographical Science, Beijing Normal University, Beijing, 100875; *Key Laboratory of
Cenozoic Geology and Environment, Institute of Geology and Geophysics, Chinese Academy of Sciences,

Beijing; *Sino-French Institute for Earth System Science, College of Urban and Environmental Sciences,
Peking University, Beijing; Tree-Ring Laboratory, Research Station of Liaohe-River Plain Forest Ecosystem
CFERN, College of Forestry, Shenyang Agricultural University, Shenyang; °State Key Laboratory of Urban

and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences,

Beijing; 'College of Life and Environmental Science, Minzu University of China, Beijing

*E-mail: xiuchen.wu@bnu.edu.cn

Abstract: The frequency, intensity, and duration of extreme droughts, with devastating impacts on
tree growth and survival, have increased with climate change over the past decades. Assessing growth
resistance and resilience to drought is a crucial prerequisite for understanding the responses of forest
functioning to drought events. However, the responses of growth resistance and resilience to extreme
droughts with different durations across different climatic zones remain unclear. Here, we investigated the
spatiotemporal patterns in growth resistance and resilience in response to extreme droughts with different
durations:during 1901-2015, relying on tree-ring chronologies from 2389 forest stands over the mid- and
high-latitudinal Northern Hemisphere, species-specific plant functional traits, and diverse climatic factors.
The findings revealed that growth resistance and resilience under 1-year droughts were higher in humid
regions than in arid regions. Significant higher growth resistance was observed under 2-year droughts than
under 1-year droughts in both arid and humid regions, while growth resilience did not show a significant
difference. Temporally, tree growth became less resistant and resilient to 1-year droughts in 1980-2015
than in 1901-1979 in both arid and humid regions. As drought duration lengthened, the predominant
impacts of climatic factors on growth resistance and resilience weakened and instead foliar economic
traits, plant hydraulic traits, and soil properties became much more important in both climatic regions;
in addition, such trends were also observed temporally. Finally, we found that most of the Earth system
models (ESMs) used in this study overestimated growth resistance and underestimated growth resilience
under both 1-year and 2-year droughts. A comprehensive eco-physiological understanding of tree growth
responses to longer and intensified drought events is urgently needed, and a specific emphasis should be
placed on improving the performance of ESMs.

Keywords: drought duration, tree-ring chronologies, resistance, resilience, Earth system model
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Variations of deep water uptake and water use efficiency indicated divergence in tree growth stability
Yuangiao Li"?, Yongmei Huang', Xiaoyan Li', Xinxing Huo', Xiuchen Wu"
' Faculty of Geographical Science, Beijing Normal University, Beijing, 100871; ? College of Forestry, Fujian
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Abstract: Insights into forest growth stability in response to intensified climate change and disturbances is
critical to maintain the continued flow and stability of forest services. However, the underlying drivers for
tree growth stability remain poorly understood. In this study, we quantified the spatiotemporal pattern in
tree growth stability of Chinese pine (Pinus tabulaeformis) plantations and its relationship to diverse driving
factors (climate, stand structure, ecophysiological traits, soil properties, and topography) across a great
climatic gradient in northern China in the period of 1979-2018. We calculated the coefficient of variation
of tree ring chronology (TRlcv) to characterize tree growth stability and revealed that the TRIcv increased
significantly with increasing multiyear mean aridity index (MAI) and vapor pressure deficit (VPD) spatially.
Temporally, TRIcv displayed increasing trend in 25 of 40 study sites. Constrained redundancy analysis
revealed that TRIcv was strongly mediated by water availability, water uptake from different soil layers, wood
density, tree height, leaf stable carbon isotope discrimination (§'C), and leaf nutrients. The ratio of water
uptake from 60-80 c¢m soil layer and leaf §"°C were the two most important ecohydrological-related factors
determining TRIcy, highlighting that the water uptake strategy and leaf water use efficiency play critical role
in reshaping the tree growth stability of Chinese pine to cope with the intensifying climate change.

Keywords: Tree growth stability; Aridity; Vapor pressure deficit; Water uptake; Water use efficiency
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Assessing Climatic Response and Drought Resilience in Growth of Pinus tabulaeformis Carr. and
Tsuga chinensis Pritz. on the Southern Slope of the Qinling Mountains
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Change, Xi’ an China, 710061; *Laoshan Laboratory, Qingdao China, 266237; “University of Chinese
Academy of Sciences, Beijing China, 100049; *School of Human Settlements and Civil Engineering, Xi’ an
Jiaotong University, Xi' an China, 710049; ° Xi’ an Institute for Innovative Earth Environment Research,

Xi" an China, 710061

*E-mail: Qiufang Cai: caiqf@ieecas.cn; Yu Liu: liuyu@loess.llgg.ac.cn

Abstract: Climate anomalies have significant impacts on forest productivity and tree mortality worldwide,
leading to ecological disturbances. Understanding the climate-growth relationship and species-specific
responses to climate and drought events are crucial for developing effective conservation strategies for
tree growth. Such research is particularly limited in the Qinling Mountains (QLM), an important ecological
and climatic boundary in China. This study examines Pinus tabulaeformis Carr. and Tsuga chinensis Pritz. on
the southern slope of the QLM, building tree-ring-width chronologies to assess their reactions to climate
and two major drought events. Both species were found to have a positive correlation with temperature,
but theirresponses to precipitation and scPDSI differed. These differences in response may be attributed
to species-specific preferences and interspecific competition between the two coniferous species. Results
of the 31-year sliding correlation analysis and K-S test analysis, which aimed to explore the dynamic
relationship between chronologies and their most limiting climate factors, demonstrated that both P.
tabulaeformis and T. chinensis have experienced a qualitative change in their response patterns to certain
climatic factors. Study on resistance (Rt), recovery (Rc) and resilience (Rs) of tree growth to drought events
revealed that P. tabulaeformis and T. chinensis did not exhibit a negative response to the transient drought
event in 1933 AD. However, when faced with the prolonged and severe drought event in 1941-1944 AD,
both species experienced a decline in growth. It was observed that T. chinensis displayed weaker drought
tolerance compared to P. tabuliformis and was more susceptible to the negative impacts of drought
conditions. These findings suggest that forest management in the context of climate change should be
spec]ies-specific, and more effort is needed for species with weaker drought resistance in the QLM, such as T.
chinensis.

KeywordsuPinus tabulaeformis Carr.; Tsuga chinensis Pritz.; Tree rings; Southern slope of the Qinling
Mountains; Climate response
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Growth Sensitivity to Extreme Temperatures in Boreal Forests is Linked to Stand Density
Binggian Zhao', Yihong Zhu'?, Lushuang Gao'
! State Forestry and Grassland Administration Key Laboratory of Forest Resources & Environmental
Management, Beijing Forestry University, Beijing 100083, China

*Yale School of the Environment, Yale University, New Haven 06511, CT, United States

*E-mail: gaolushuang@bjfu.edu.cn

Abstract: Exploring the spatio-temporal characteristics of boreal growth sensitivity and its climate
drivers is the basis for assessing forest health and forest dynamics under climate change. However, the
growth pattern of southern edge of boreal forest is poorly understood. Larix gmelinii dominated species
distributed in southern edge of boreal forest help to clarify the trend. We studied radial growth patterns of
50 plots in the Greater Xing'an Mountains, confirmed that that there were differences in growth sensitivity
in different regions. Forest could be clustered spatially as Groups A and B based on radial growth. Growth
sensitive events in group A were frequent after 1991, while group B had higher growth sensitivity before
1992. Low temperature rather than drought forced in forest decline in Group A under high stand density.
In contrast, extreme high temperature was the main climatic factor inhibiting forest growth in Group
B under low stand density. In addition to drought, an urgent need for understanding of the impact of
extreme.temperature events on boreal forest, with a specific emphasis on the effects of extreme low
temperature. Thus, our study advocated the results further implies that changes in boreal forest response

to climate change.

Keywords: growth sensitivity, stand density, the southern edge of boreal forest, Larix gmelinii
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Radial growth in Qinghai spruce is most sensitive to severe drought in the
Qilian Mountains of Northwest China
Xuge Wang', Liang Jiao"”
'College of Geography and Environmental Science, Northwest Normal University, No. 967, Anning East

Road, Lanzhou 730070

*E-mail: jiaoliang@nwnu.edu.cn

Abstract: Global warming and frequent extreme drought events lead to tree death and extensive forest
decline, but the underlying mechanism is not clear. In drought years, cambial development is more
sensitive to climate change, but in different phenological stages, the response relationship is nonlinear.
Therefore, the dynamic relationship between tree radial growth and climatic/environmental factors needs
to be studied. We thus continuously monitored radial growth of Qinghai spruce (Picea crassifolia Kom.)
and environmental factors from January 2021 to November 2022 using point dendrometers and portable
meteorological weather stations in the central area of the Qilian Mountains. The relationship and stability
between the radial growth of Qinghai spruce and environmental factors were compared for different
levels of drought in 2021 and 2022. The year 2022 had higher temperatures and less precipitation and was
drier than 2021. Compared with 2021, the growing period in 2022 for Qinghai spruce was 10 days shorter,
maximum growth rate (Gr,.,) was 4.5 ym-d — 1 slower, and the initiation of growth was 6 days later. Growth
of Qinghai spruce was always restricted by drought, and the stem radial increment (SRI) was more sensitive
to precipitation and air relative humidity. Seasonal changes in cumulative radial growth were divided into
four phenological stages according to the time of growth onset, cessation, and maximum growth rate (Gr,,.,)
of Qinghai spruce. Stability responses of SRI to climate change were stronger in Stage 3 (slow growth
stage) and Stage 4 (stagnant growth stage) of 2021 and stronger in Stage 1 (initiation growth stage) and
Stage 3 of 2022. The results provide important information on the growth of the trees in response to
drought and for specific managing forests as the climate warms.

Keywords: Qinghai spruce; Radial growth dynamics; Severe drought; Response stability; Point dendrometer
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RE Gielis SIEEMAME LR THEHETSTZ, H 88.6% HIXFN T2 18I RMSEadj B4 EUIRE (PE) /INF 5%,
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KR SR, BHE, WU, R

- 86 -



"WAF - RELHE - KRed £

B25
(EEEITTIED))
Tl WRESSE
AR ER AR SRR FF AR A TR
g, UERE ', Xl
' RRITEAR MIBSIREER, o8 241002; ° BIRAR MIRSISIFRNFSR, FER 210023

*E-mail: sunlian_ahnu@163.com

WE: PEKERFEHENVKBENSEHRAE—, BRTKBFAAKSESHMNARRAR, KEBFFRAIEE
ESBRURATRERT. BAIBIEIARAI, KESKG 1-3 ERRAREEKENEEE [1], (E2EVIEREA,
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fax, B SR SRE R B ERIEX. XiHEKE I A8 T /KEEINNS SR &M, e AR e S VEBFIZRBER,
MITIBERARLES, AARXIBEMIKEBF RIS AR B N R TREASRUESMESBIMLE N,
KigiE: WAFR, RERME, KEFR, MR

Q7=



F/N\EPERRFIEFZKE

CEEETTIED))
Tl fRESSE
ETAREENSHFESHEMESRRREEXRAR
FEZEF' IOW, KEW®, BEE°
' IERAFHHSREFERESHRPL , RIBH T SEIS B ERLINE , IR 100871;
2 e A ZERMATERBHRMEE TRERAHRHL, 165 100083

*E-mail: xuetao.giao@pku.edu.cn
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Changcheng Mu1,*, Maurizio Mencuccini2,7,*
"FRAEMRLR S, 1E7RIE, 150040; 7S SMLRI AL (CREAF) | Bellaterra, 08193; °* BEDHBEIAKE,
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M8/ T TR, BEFM DTR X PDSI FAERERE, RAREE DTR JgEEETEME. =25 DIRE
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DE—EFRM TEBTEWDE. mEFETENERT, € DTR IMFALIBDHATREME. BT, 858
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Responsiveness of alpine vegetation to global warming in the Himalayas
Shalik Ram Sigdel’, Eryuan Liang"”
' State Key Laboratory of Tibetan Plateau Earth System, Resources and Environment (TPESRE), Institute of

Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China

*Email: liangey@itpcas.ac.cn

Abstract: Among terrestrial ecosystems, the alpine vegetation boundaries can be considered to be a
simplified model to study global ecology and climate change. Alpine treelines/shrublines are expected
to shift upwards in response to global warming. However, this apparent expansion still lacks ground
verification with actual field data. Here, we applied dendrochronological methods to reconstruct
recruitment dynamics and spatiotemporal variations in treelines and shrublines across the central
Himalayas to test whether an upward shift of alpine vegetation has indeed occurred. To test this
hypothesis, we reconstructed spatiotemporal variations in treeline position in 20 plots and shrubline
position in 8 plots located in the central Himalayas. Our reconstructions evidenced that treelines shifted
upward in response to recent climate warming, but their shift rates were primarily mediated by spring
precipitation. The rate of upward shift was higher in the wettest eastern Himalayas, suggesting that
its ascent rate was facilitated by spring precipitation. Our study also indicates that tree aggregation
weakens treeline responsiveness to climate warming, and thus warming-induced drought stress tends
to lower treeline shift rates by enhancing clustering particularly at dry sites. It highlights the complexity
and contingency of site-dependent treeline responses to climate. We also observed decreasing shrub
recruitment and stable upper shrubline positions during recent decades. The drying tendency in
association with the recent warming trends observed in the central Himalayas, however, will likely hinder
an upslope advancement of alpine vegetation. Our study highlights the complexity of plant responses
to climate and the need to consider long-term monitoring experiments including both abiotic and biotic
factors for better understanding structure and function of alpine vegetation under a warming climate.

Keywords: global warming, recruitment, species interactions, shrubline, treeline
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Contrasting hydraulic strategies in mitigating climate impacts on tree-ring growth of
Pinus tabulaeformis in the middle Qinling Mountains
B, HEE Y, NERR T, BV, XU
' BEFRITEAS, Fak, 710119; * RILASERIIMEK, RN, 518107; ° hERI A ESIMEERARE, =M,
730000

*E-mail: xhliu@snnu.edu.cn

Abstract: Understanding how tree radial growth responds to climate change is crucial for predicting
the future forest dynamics in the temperature climate zone, which is expected to experience significant
warming and drying. However, how trees change in structure and physiology to cope with climate remain
unclear, especially at sites with different water stress. Therefore, we conducted a study of Pinus tabulaeformis
on the drier north and wetter south slopes of the middle Qinling Mountains (China) to clarify the strategies
adopted by trees in their xylem to cope with climate change. Results exhibited that, on the drier/wetter
slope, xylem anatomy showed a relatively aggressive/ conservative strategy to withstand drought, such
as enlarging/reducing lumen diameters, thinning/thickening cell walls, increasing/decreasing theoretical
hydraulic conductivities, and decreasing/increasing conduit wall reinforcement (CWR). Furthermore,
anatomical indices and iWUE contributed differently to tree-ring width in earlywood and latewood and
Enhanced.Vegetation Index, so the changes of anatomical structure and physiological property certainly
influenced the trees’ radial growth and canopy dynamics in the different stages of the growing season.
Our findings lay the foundation for a deeper understanding of the physiological mechanisms that trees in
temperate forests employ to adapt to environmental change by shedding light on the relationships among
climate, anatomical and physiological indicators and growth indices.

Keywords: drought; tree-ring; wood anatomy; intrinsic water-use efficiency; Pinus tabulaeformis
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MFIBEMEREMNARE, LAWIFAIE R ERRETIN, DT T ARG EA AR R AITNRED. FERA
MR EREEEN (> 264 5F) , EIEWERAISTERREN 10%, H—LotTIMERENNTE S AN,
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XigiR: ORI, KN, BN, AT

207w,



F/N\EPERRFIEFZKE

CEEEITTIED))
Tl fRESSE
EEERMMEEERREERUMNZENSEN
HFE ' RRER
' FERFEREREERIZRAT, 165, 100101

*E-mail: liangey@itpcas.ac.cn

I YIFMEE(ER (PIMBEEFAMERS) ERMARNECHREEERFR. BEKMERYMMER
{ERNERIHE, EBREEASSHININSEeEARBRINPRDZEIRE. EAART, HAIERRFHIR—
BUMEAFNARIIR, ERMETSEERTIEE 50 FR/RrmERESIINEFERIZISEHER. AETIHFAT
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EERTIULUERRSERINEG, BESLEKREREREN, WFBEEFRNERENRS, SN EFHERS
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NEZ, BMANEYRER)N, SEREAMS, TTeFEEMERZERE, 3 MHANEREREETKS
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NoBEESEE Ks 5 VF [B#EEE VD, LMRKERM T Ks 71 VF B9RaEM.
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FET 5 GIMMS NDVIRIEXM, AEEEHRIEXNAR. RILFET2HHERTRERENEESES NDVIREEREE.
XEER: WS SIRER, BE80EE SMRBLN, BTER
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*E-mail: wangyf@njfu.edu.cn

HE: SHERPAEHRLERESHMEEARZ (44900 m) , XARBEAIRTIETEURESRFITKE
KIENIRISURME SRR M T BRI S, ET0 900 RESEEE (30-38° N) ERINEEARLEIENE, AX
EETH 1939 FLLREAEFMEALMENZMWHSE, RTTEALNSEURZMRNIXRR. DTERETR,
2010 F2Zhl, EENEFERSH T EANEBWAEALY K, (B TR Z2R%. Am, 2010525,
ATFERRSNTIRERS], DRAEERETIHRE, RXARTRESTETNENIGFRRAILI. BN, Rk
NIHEFEZRMEHESEH—LTIE, Bit, SUEYIRHIGTHREEEDTEERENEAXK. B, FX
R TMRXEFERESHESRE. ERMK (ERSE. BiE. B) ZEREKR, FEaSIREHEN,
T EEER TRUEABINERNMAXRIFNE. DTERER, MABNESESWEAZLMAXER, [,
MR EFIRESHIIEREREEEZNEIER. 2010 F£281, SSIRTIEHIE, EARTIERAIEIIRSF
RXREBEREERNN; B 10 5%, ZETSIRAIRG, EAEINERTENMAXREEZAIRNT, FHit,
FESIRTREITEIEINIE, SERAXR, HEMXMERIER SN EAFIRE.
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*E-mail: dangkey@wbgcas.cn

BT eRSERRECHSILFRMESRITE TIRRZIIN, EXNEBWRIEE. 22, URSRRARE 2
BEPAR., BABEEEIMER. =Hlidl. UREIEESHOTEEEHSGE RART T SLARMESRET KRS
IRIZRINSIAL, FEERKLI: 1) ERURLRRERSERINASZFHERFR T RIXAD hiEk LIRAEE
RITBRIEE, 2) BRMKENTHEEEEZ(RHNEANER, BRBELLTAXEE, NENREHRTRE
FHEESE, XEBEHNRTAXEEN LAESZSHTRRRNAE, 3) AEEATFS, 2HMAERYTT
SREMER EEEE ETHES, XEBHARTAS"SURREILRERERIEN. HRERGRNEBAITI SR
LIRS LR AESREEIAIIIREIR B LAS SS LIEAR M R R AT R A EEEREEER X, FINEREN
ESFRN AR RAFRIIRICH R,

KEER: SIKTHE, WADHER LR, WAEN, MAEK, TR
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#8iE ', Clive Oppenheimer?, Ulf Biintgen?, J. Julio Camarero®, Michael C. Stambaugh®, Z5550 ', R °,

Hong S. He4, 21FJ5 1

' AL IIERI ST, K&, 130024; “Department of Geography, University of Cambridge,
Cambridge CB2 3EN; ’Instituto Pirenaico de Ecologia, Consejo Superior de Investigaciones Cientificas
(IPE-CSIC), Avda. Montafana 1005, E-50192 Zaragoza, Spain; “School of Natural Resources, University of
Missouri, Columbia, Missouri; * FRERIZ I LMEN F4ESHZFT, ibH, 110016
*E-mail: duhb655@nenu.edu.cn

WE: ABLKIRASEAR DHIRXIEBES, FETRESTIHSRSR. A, REAMNEENFE/ L+
ERE ERXLEBTRRNERET TRANAR, EXEFEEERIERZCAINCED. AL, HNIFBER
AW " FEARBIR " (946AD) BUFRMIRARIAIRMCA, B 7T REWXKILFEABRRAANERAI St SIRE .
BTG MR AT AR HERT EHRIRRM B RIS S BRI LLRIRRMEITIR, RIMEXILBEA—FZ5FE, KLU
RIHRBUERAIFNDERLS. SRlEHMRIFEERERR T KB SERAIKEIRE, TANEZANANRY
ANZRERFN, BR, SRERINE T H—PHESES. XRNHENERSNRTESSEKALSLERER
MPEERR. BAIAFRER T ERNERE N HEX B A REEHRIEAN A ME.

XA SWER, SIKWER, TINESS, BEREN; XIUBR
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*E-mail: wangzhou@ninhm.ac.cn

W KKREAGHFMNERTINER, RWEZEWMESHENE. SAEYIECEEIR, AL ARMAIILMER
73, WHAKGSRIERYD, BREVT SN2 KK SRIRANFIREERE. ol RIEFRARI I ARR#R I I0/RiSAb X AORRMIRAR (Pinus
sylvestris L) ¥IFH{EFIERAL (nibus Ledeb) RIXIER, 2T 352 £ (1666-2017) RIXKREFR. HiIBEIHHE
Mo, RYNESHFIE=RERKROITHE T FREIIESESHIMNZERXR, SHENOHERER, X
RIEMANEINS KR Z R FHIR— N ZZEBEENTREMBRIAREREXKET (2 BF4-5 B) ZEIFIHRERY
1EtRiEs (AO) IEFAX. H=ARERXREHT TRAESIAFRMKKRILEAFRIERER. BARIARERINR T3S
AN7RB X FRMOK KBRS SIRIK N E =R FTUEIAIR,

KigiR): KB, R, ks, SHSEmotr
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*E-mail:liangwei@alumni.uidaho.edu

HE: ETUENFMERKREENUEEINARNEEZETR, SAENAMURRTEOREENRE, ™MRBRTE
SRR P SR AR EYYIRITENS Y, SIENERRESHNRERR, EREENEME—REERK
HANLER1S, SCEURENZ TS, EREMEASEICNEEEIERNINAIRRL. EENFR T —FETHRE
ESHURMERIERRTIGE, ZH 22 TREFS, BETEREARMA KRS 3-PC BSEIBERSEMNES (RNN)
Fr, #H9 3PG-RNN HREUEEEFI FILUAIRE S ERR IR E AR (57°C) EERRESE. HRINETE=EILEX
NP RTRHZ (Abies grandis) FRFAST 3PG-RNN #HTU. AREERZRA, 3PG-RNN EEEESHUERIRIEER
BRXESE, SFEEF = (Quantum yield), &ZAEESE (Maximum canopy conductance) f15FL.SEXS
HAIESIESHRAYNELL (The slope function for stomatal responses to vapor pressure deficit), RNN TEF|H
WARFREIREIRERMERN KRR, XA EHR ARSI,

KigiE: REFS, FMEESUL, HER%
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*E-mail: jiaoliang@nwnu.edu.cn

HBE: RAMNAYTENRMNSARERKIKENSEATTNFMNSHNERKE. EACEAERREKE, T8
SXHAERIERRSHEZEREN, ERENMAREKNERRINARER. B, B9 T ARETESMEX
PIRAREERNGERNE, ERKAE: 1) PTABLMXAIMAERZRTREZIRG, BERENTRERE
I RIERANT TR, W TRESSENINAZEITRRFIEE. 2) MARALEKETERHEEEW,
B RRE R R P T ESHEONAERNAESIE, 3) TEGNHESHESEBINTHANIKERN, &
MAMREIGHTIIFIRE N Z ERNXREEERIZH “line of full resilience” | RIARENEELIN. E£RKKF
EESTTER. Eit, SEEHINARREKEEENERATN, ETREEMARERSEKIXERR.
XigiR: T8, EsM, £KIKE,; P
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*E-mail: oyfang@ibcas.ac.cn

B ERXETMHENT TEIStSFRMERRL. BHXEHESHNEREAEESN. AT, BRkTH5E
LFRMRI TR SE R EBTHREEANBE. AXATED B TABELLPIRAIIF—FBERIE (uniperus przewalskii
Kom.) HIFIISR, £ 8 MRERKREEMAFRHFOHEIMNERENESTR, BESITSIREFSHRiEEn
BXRXER, BENZKEABERRERNERSRET. BEOTERNARNEREZUER, IRBIRARRIE R
IPHRIISR, MM FURERNREMNTEEE. SREE, £FEE. ERKOFMEERN T SERHRNER.
BEENTIBERER, ARKXE 1930s, 1970s KRESFRKIEMNFFATIHEY, BXTHEHSELFRHEL.
EFinTREEIEX, SESNCREBESHAENBE—N. MATRSHERHTINESRE LNESE, (K
PH T ARFHIERAONER. ARERNRKIBLNERETMRRIEHE TEESS,

KER: WIAEERS, ERER ERKIPH RiRSE, BELWL
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' FEAFAESSINMESR, BEAST, 830017; * FESSKBEEATVESSHRA, BEA5F, 830002
*E-mail: river0511@163.com

WE: (1) 2RSRTENESHREAHETIMESRAETARMN. MAEATMESNENERARERD,
EEEXRS CO, FLEETERFA. WARCEESZBERMESRFESKS CO, FERRNMIEZRNES
FIRE. AT R TRXAFEEAR AR AT HF AR SRS A2 ARG, RIEFR
RERRNERFFIAREERS, o3I EEH T RHFIIAREK SRR (IWUE) FRFIFIRRERRISEL (BAI) 751,
PITT RS CO, iRERIEINR SRRUEDRAFRFRIER, #—PRT T AREFNIEEHATISIR N AER
MR FKBRAEETH. SR=ZH) Ci/Ca EMHBER LFHES, FEFIGEHARANZMAK. EERRHT
ROz, KEBSRE, CO, RERN L. BEMNFBSESATIIRNAEFILEHASER LT, SHLSETRE,
MIERBSERERTE, KO FANEREN., MTRENSRAIZASHEIERZERG, ZBRE, XRYSISE
HFIMAR, XS CO, iREMRRUASIRER T, BEAST XA TERZZHFR&EESE, FESFLSEEN,
(B T HEERNERALER, REEKAUURIA BAINFAS, @RS 7K FIASE.

Xigin): FERIEHLY, SRS, NMERERMER, KOFARE, SR

- 109 -



WIIRFEFXRE

(EEEITTIED))
= MRERME
EFRAEAEE 5'°0 SIRESHINMEXIE
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*E-mail: shijf@nju.edu.cn

WE: REFRETEXING 6°0 ARG TKENRE, EERREZRERIE 6°0 WENZTHFEENEREF
HOfE~ER, B'S ENSO BRZEIEHEX, B §'°0 WFEE. FEK 8"°0 & ENSO HNa R IERBFERAHR.
AHARKAENLMEN, BEKT, WILE, KEABILMMNEREE 6°0 &, NKBAEDITHINSIIREL,
FERFIH, REFREIXEK §°0 F1ZtTFEEAIHE 6'°0 WWEREE, BXHEMNEFEFRRE LSS
BEBEXM ( NEYY FAEE) . Bk 60 BazE—EIMESH T L 6'°0 NEIEEXSTRIRESREE A
IKERIZEEX, M ENSO (FEHBEEBTEHIARESZNEEK 5"°0 e 6'°0 AMcR. KEAMAIREE 6'°0
SAREFNRAINAREER, TSN 6'°0 P ESBEIINRESERE. X—METLMEAREIRK SR
8"°0 FRSIRESHIZARIE, BRI 6°0 ERFEFRMN, XRFNTHESHRBSIREN, NE—NHEH—
SEBNTE. ERIMELIARERERE 6'°0 IRBFIRYN, EREHRAIING 6'°0 FESGHsKE. Rt
Frak FRERIARIRHEES, RBAA R RAIRFRRIRES 8'°0 FRMNFEER, BERBERBEREARI T, WL 5'°0
55%E. MHIXEEE—NFEX TR,

XEER: WAFR, SRR TEXN, HSIE, FEN
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Tree-ring width but not stable isotopes has asymmetric responses to drought extremes
Guobao Xu'*
'Shaanxi Key Laboratory of Earth Surface and Environmental Carrying Capacity, College of Urban and
Environmental Sciences, Northwest University, Xi' an 710127, China; “State Key Laboratory of Cryospheric
Sciences, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou

730000, China

*E-mail: guobaoxu@nwu.edu.cn

Abstract: Tree-ring data is a critical proxy to explore past drought extremes, however, the biotic memory
effects lead to some asymmetric responses to drought extremes in tree-ring data, which has challenges
for drought extremes detection and assessment. We explore the extent to which existing drought-sensitive
tree-ring records, including tree-ring width (TRW, n = 4070), tree-ring §"C (n = 410), and 8§'®0 (n = 181)
series, capture drought extremes in the North Hemisphere and evaluate how these asymmetric responses
distributed at different climatic zones. We find a dry-biased asymmetry in more than half of drought-
sensitive TRW records whereas only 19% of sites capture wet extremes as well as or better than dry
extremes during the growing season. We reveal that the TRW sites at the arid, warm temperate, and snow
climatic zones captured dry extremes up to 8% more than wet extremes, while TRW sites at the equatorial
and polar climatic zones captured dry and wet extremes nearly equal. We also found no bias in extremes
capture in tree-ring 8'°0, but a dry-biased asymmetry in drought extremes capture in tree-ring §"C in
the warm temperate climatic zone. Our results suggest that the importance of directly addressing the
asymmetric drought extremes response in tree-ring records can help our exploration of drought extremes

and trees’ resilience to drought extremes over the past and future.
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BT BEASSURRENTS, XEEAESENTRIEAR™E, XEEBUMTRBARMAIERRA
ERRERIEREMZFEE, —SUWHRIEAEYDSERNEN C—, RECEWERNEM, E—SURREFS
[RIEC CREBRHIEYIRVAER, EMRKEEESHI SR, AR, RARESIKERNEABRTE. 2
MEARMET, “8SUBRETSEEECAERIMEMERNAFERATN. NRRERRMFCRERKNER
ETRARIHIAS — S ERNREN, RRMASSERINSASEINERR, BT HERIKSFIAE
RN, BEEESHERRERBURNNEERENAEFRE RS T _aURREELS R A E RG0S
% AARBEEFEARSRRANERERRMRFS, DRIDH T ARENF T, FEERBEMARRE R
HUKDFIBRERZN, KKK FIBREREN T EGLKEBESHEES, FEIEBREIAZ 25%-40%. BEF
ERFFIAEERBEEURARERIINAZAERERES, EEFEEKESERNISR. KEPEKSFMBARES
WARAERZANMFE—REHCRE, B SURRETSS RAKDFANERRS SMAMERERZ AR EE
AMFEERRIXRR. ZARN TERT SR EREIRIES —EfIEEE N,

KEER: WICRREREINER, KOFIBEE, WAREER, “SHBRE, B
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PEFEFEEXAHEANEARRUENERRESSIRE FIXER
{837 ', 450 °, #558R |, SBi%E ", Jussi GrieBinger®, Achim Brauning®
1 FERZFRARAREIEYRE, =PEe, MEE, H08; * TERMHARRMIL SEIAESHRA, T2
HREaM, $RJIIF; ° Department of Environment and Biodiversity, University of Salzburg, Salzburg 5020,
Austria; 4Institute of Geography, Friedrich-Alexander-University Erlangen-Niirnberg, Wetterkreuz, Erlangen
91058, Germany
*Email: fpl@xtbg.org.cn, fanzexin@xtbg.org.cn

B WAFRINEMEIECESTNEZRHTN, MM EEATESMRINE, FItEMIIMR I s
TARRELHRRES. EPEEREX 2o ARNAREREARMNEFREOESEMSRINERRES
SREFRRBMETEFNREMG. ERHART, BAIDH T PEAREX ARSI (Pinus densata) . ZFIAR
(Pinus yunnanensis) LARSESH (Pinus kesiya) =FHAHIBRM A FRRURGHSEBENZRIESSR
EFIXRR. KAARERMMERMEFIIZENEXRREESTEY, BEMaRMEFERESEASMEN, m
MR ENRFERE SKIENMIEHE, BEMIRMNaRMREERESRIGEREINMNAS. KAEMIE
BMEERS 5 BHIVKSESHRAEX, MEMERMNES 10 BpRIKkDESRIEX. ZARAFBRNERER
UERHTXESIREZRVARRME T —ErIEE.

XEBR: HEBE. FRERMR. SUREX. KIKR
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' BRAEITE A IR SikEFRT, ik, 710119

*E-mail: zengxm1021@snnu.edu.cn, xhliu@snnu.edu.cn

BT WRRERMRIREAIMIERNAERIREFISIRMNE T EE RN ARIEIREAALE ., FREOPHE
Pt ER RN BB REENFANSIEARER, BRNANET RESMEMNZZRIEIRESINALE,
EESUREREUESFRAR LT EERHEARED. FHIERUTHEHEEXEFA AT+ TFRERRE=
UHEAARK, B KGEEHHRMERNES R ERERERMERILE (8°0f6°C) Fyl, &atk
MEFITAIT SR, DTN X 6'°0 f1 8 PC BRMSERENERESEE. EREAW, FTEXM
AR 6°C 1 6'°0 FFAEELENTNE, BEERMKBFERBES P/ 6°C 1 60 IBRISIEHE
FEREHESHEEER. FARERET T ARKD FZMH AR SR ZAI6E N RES.

KigiR): ATFR, RERMRILER, FANHE, SIRES, TURRE
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Interspecific specificity and hydrothermal climatic significance of
tree-ring wood &°H of lignin methoxy in the Qinling Mountains
Qianggiang Lu'?, Xiaohong Liu*’
'Institute of Botany of Shaanxi Province, Xi’ an 710061; °Shaanxi Normal University, Xi’ an 710119

*E-mail: xhliu@snnu.edu.cn

Abstract: The Qinling Mountains (Qinling Mts.) are characterized as a distinct transition of bioclimatic
zones along the north-south geographic boundary in China. Although ongoing global warming may
affect the growth of most tree species across elevation gradients and alpine treeline, the effect of modern
warming on the stable hydrogen isotopes of tree-ring wood is still unknown. In this study, we developed
early- and late-wood &°H chronologies from 1900 to 2018 CE of lignin methoxy groups (§°HLM) at 700-
m intervals from 1700-3100 m a.s.l. along the elevation gradient in Mount Taibai (Mt. Taibai), the peak
of the Qinling Mts. We also compared the species- specific difference of §°HLM values in the dominant
deciduous coniferous (Larch chinensis) and evergreen broadleaf (Rhododendron purdomii) at the Mt. Taibai
timberline. The 8°HLM values of the earlywood were relatively enriched in 2H compared to the latewood,
and an elevation-dependent depleting trend along the altitudinal gradient was observed. Comparing
the 8°HLM values with modelled &°H values of precipitation (6°HPre) of the sample sites, similar isotopic
patterns.can be obtained. The reconstructions of §°HPre values confirm the strong coherence between the
isotopic composition of the source water and the methoxy groups in the growing season. The additional
lagged effect and climate response revealed significant seasonal and altitudinal differences. The combined
new §°HLM chronologies, based on the lag-1 autocorrelation and the weighted average of the current year
earlywood and previous latewood, could be used to merge the corresponding temperature signals from
the middle- and low-elevation sites. In addition, the coupling of 8HLM values from multi-species could
better record the climate of the treeline habitat. Therefore, topographic effects such as elevation difference
and alpine treeline should be considered in large-scale applications of §°HLM values in future studies.

Key words: Tree-ring 8°HLM; Species specificity; hydrothermal climate; Altitude gradient; Alpine treeline
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BE: SIEFSMAS _SUHRREIRINEERAFMPIIRNALKTESIEN, A, XFMERIEEEER, B
RS E AT ARERFEERNERIE LA ZE D, B9 T BEsRRREEM A KSR AR IR R
T4 6°C #N 6'°0 ML, ARAIM: MEFMIIRAEIEN/L+EEEKEZMR, EERESRIBRFZK
HASESREE T, WAFR 8°C DITERE, BEASRNAEKRSFBEME (IWUE) WEEMEE, EME5R
AHY IWUE BB FESKARMN. §°0 H—2%PE, FRBK WUE WEBRNEFAR, BiBRMERIFINE
(A) IHERFERR, EE2REEKFMBATTEMEE, SISE (9s) TER IWUE EIMNEERNI. AR
MEIRESZFRIAEIEA T SRR AE K SRR IR AR ER.

KigiR): AT, AEKOMAERE, 8k SASE
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WE: MRSRERNMR (6'°0TRC) EXERBTEIXER - SERMRESET ECESENEAK AR, &
DEX, EFEWK (Pinus taiwanensis) . SEFA (Pinus massoniana) #8042 (Cryptomeria japonica) ZFEifdh
AORFSERAA, WHeEEES &'°OTRC ETEHEREEKNAEE . BAl, XizXis 6" OTRC M2 FRE AR
FUPARER, BITHMRRKIELE 6'°0TRC FIEZETF RS S8ENESEE AR,

AWFTES §°OTRC WM Z=FHHFEZUMENFIX—EA, UKBILUADRELNAARITSR, NERX
8"°OTRC BN ZIHF YIRS IER M ERTOW. EREH: EETEEEFTECETEM 6 °0TRC,
mBAA 8'°OTRC M4 K= RHEFFNIREA TR MR ABUR, B8 &'°OTRC FEFRE N EEXEAREB ST
BEM, XFRPEL 8 *OTRCIMRETHHETERWINERTEES Legacy effect Tk, EFRAERRSHEER (PSM) ,
B DIERNLTEIK §°0, MAKEZREENTHERAMERNANETE, SR 5 OTRC #EIFFI SRS
HMFIREWAHESE— (r = 078 p < 0.01; n=28) . EF PSM p9i=HlitioRes, HREMBR, Tk 50
M Rk EEIImER 6 °OTRC WEETRES, EREREBNALRAMERERESTRESH—SHKA, M
MERFETEESHEERRE LEARE.

HR AARIEE T 2K (Cunninghamia lanceolata) iX— &§'°OTRC G IMFH, NS EERRELE
8""OTRC FIEETTEE5REEFRNER, EABILRERFLARLHEAR, EFRICSEER 5'°0TRC A9iEIE
xitt, HWEET BT 8'°OTRC BEER, X 8" OTRC WSIRIAMAFEDHTRIE: HZASHE LM 8'°OTRC 3=
THTEESCHNNNSBEFEEEER, LANKEM §°0TRC B2BENMETEES, MR 6 °OTRC X4
BETETHMNIMNEERSS, BREH 6 OTRC B2 BENEKEFMHES. 6 OTRC WS TFBELAIR
B AL SHATKF AREINARBLRESISNETERE X, EF &R, SKEa12ARM 6 0TRCH
EIIMBH 8'°0TRC, TIfERKXIE 6 - 9 BEXHERE 43.6% (p < 0.01; n = 53) A=, HHRF HR—HFhEL
8"OTRC, FAFRNFHIRKH 6'°OTRC AIKE=EESNTEES.

ARHRTIASIAR SRR ER N ARBKF RIS IA R A RSP A B ERERNRT 8" °OTRC MR TEZ L AIIEENH
BIAIR,; ENFIRSRMFREMRIELE 6 °OTRC IR TRESRENENRE. 1, EF12AK 6 °OTRC MIRE
TR ESMRARESUK, FBZAZEAM §°OTRC EFEMXTEEMN, BERAIMXIFIE 6'°OTRC KEXRE
IRE TS SHEXI RIS AR,
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B FUENXTAEHRMRESRAEEERBEARK LT RIEEATR2ARIER. B2, BriE(IXEE
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The intra-annual rhythm of Pinus sylvestris growth-climate responses under
a warming climate at its southern distribution limits
Junxia Li'?, Yuting Jin?, Ying Zhao?, Tsun Fung Au**, Yucheng Wang'>*, Zhenju Chen*"®*"
'College of Horticultural, Shenyang Agricultural University, Shenyang 110866, China; “Tree-Ring Laboratory/
Research Station of Liaohe-River Plain Forest Ecosystem CEN, College of Forestry, Shenyang Agricultural
University, Shenyang 110866, China; ’Institute for Global Change Biology, School for Environment
and Sustainability, University of Michigan, Ann Arbor, MI, United States; “Department of Ecology and
Evolutionary Biology, University of Michigan, Ann Arbor, MI, United States; *College of Forestry, Shenyang
Agricultural University, Shenyang 110866, China; °Key Laboratory of Forest Tree Genetics, Breeding and
Cultivation of Liaoning Province, Shenyang 110866, China; ‘Qingyuan Forest CERN, Chinese Academy of
Sciences, Shenyang 110164, China; ®Key Laboratory of Desert and Desertification, Chinese Academy of
Sciences, Lanzhou 730000, China; °National Research Station of Changbai Forest Ecosystem, Er’ daobaihe
133613, China
*E-mail: wangyucheng@ms.xjb.ac.cn, chenzhenju@syau.edu.cn
Abstract: Warming climate has posed a pressing threat on boreal forests and an improved understanding
of the intra-annual pattern of climatic influences on the tree growth can help interpret the response
of boreal forest to climate change. Here, we systematically examined the growth-climate relationship,
cambium phenology, and xylem cell dynamics of Pinus sylvestris (PS) to disentangle its intra-annual growth
rhythm to external drivers and internal physiological process at its southern distribution limits across
Eurasia. We showed the intra-annual rhythm of PS to temperature and precipitation is anti-phase and
synchronous at its southern limits. Temperature had both promoting and inhibiting effects on PS growth
over growing season where the growth-temperature response gradually changed from positive in winter-
early spring to negative in late spring-summer, and then returned to positive in autumn. Precipitation
enhanced PS growth in late spring-summer. Temperature dominated the intra-annual growth-climate
response rhythm, and the response shifted to negative when temperature reached 13.72 °C in spring-
summer and shifted to positive when temperature reached 17.41°C in summer-autumn in Shenyang,
respectively. A high water demand for the rapid earlywood cell formation in spring-summer and heat
requirement for cambial cell division in summer-autumn caused the shifts in growth-temperature
response, respectively. Climatic warming advances and prolongs the time of summer water availability that
limits PS growth at its southern distribution limits and thus warming climate may pose a greater threat to
the southern population of PS.

Keywords: Response rhythm; Intra-annual; Temperature; Threshold; Xylogenesis
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An earlier start of growing season can affect tree radial growth through
regulating cumulative growth rate
Jian Kang'*?, Zhuolin Yang'?, Biyun Yu®, Qiangian Ma', Shaowei Jiang',
Vladimir V. Shishov’, Peng Zhou', Jianguo Huang®, Xiaogang Ding>’

'South China Botanical Garden, Chinese Academy of Sciences, 723, Xingke Road, Tianhe District,
Guangzhou 510650, China; 2University of Chinese Academy of Sciences, 19(A) Yuquan Road, Shijingshan,
District, Beijing 100049, China; *Guangdong Academy of Forestry, 233 Guangshan First Road, Tianhe
District, Guangzhou 510520, China; “Key Laboratory of Conservation Biology for Endangered Wildlife
of the Ministry of Education, College of Life Sciences, Zhejiang University, Hangzhou, China; °Institute
of Fundamental Biology and Biotechnology, Math Methods and IT Department, Institute of Trade and
Services, Siberian Federal University, Svobodny pr., 70 Krasnoyarsk, Russia; °Key Laboratory of Environment
Change and Resources Use in Beibu Gulf, Ministry of Education, Nanning Normal University, Nanning,
530001, China.

*E-mail: 27267152@sinogaf.cn
Abstract: Climate change is profoundly affecting phenology, especially in the Northern Hemisphere.
Nevertheless, how tree radial growth responds to phenological shifts remains to be explored. It is
necessary to analyze the specific response process of tree growth to phenology. In this study, 61 tree-
ring chronologies from Central Asia were used to analyze the effects of phenological shifts on tree radial
growth. Based on previous studies and hydrothermal characteristics, we divided the study area into
two parts, with 49 degrees north latitude as the boundary. The results of the model-based simulation
indicated an obvious advance to the start of growing season (SoGS) in the period from 1959 to 2010/2016.
Correlation analyses showed that there were significant negative correlations between the SoGS and radial
growth in the north of the study area but not in the south. Path analyses indicated that radial growth
between north and south did not respond consistently to the earlier SoGS. In the north, radial growth
mainly benefited from the alleviation of low temperature limitations, thereby elevating the cumulative
growth rate. But in the dry south, aridity stress in the early growing season counteracted the positive
effect of temperature on tree radial growth through decreasing the cumulative growth rate. In general, we
determined that an earlier SoGS influences tree radial growth by regulating the cumulative growth rate.
This study provides a theoretical basis for promoting the accurate assessment of carbon sink potential on

a larger scale and for predicting forest dynamics.
Keywords: The start of growing season, phenological change, radial growth, cumulative growth rates,

Central Asia
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Intra-annual stem radial growth of Toona ciliata across environmental
gradients in Southwestern China
Arisa Kaewmano'?, Zexin Fan'?’, Peili Fu', Xiaolian Wei'?, Yanan Liu"? Youxin Lin*
'CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences, Mengla, Yunnan 666303, China; “University of Chinese Academy of Sciences, Yangihu,
Beijing 101408, China;’Ailaoshan Station of Subtropical Forest Ecosystem Studies, Xishuangbanna Tropical
Botanical Garden, Chinese Academy of Sciences, Jingdong, Yunnan 676209, China; “College of Biological

and Pharmaceutical Sciences, China Three Gorges University, Yichang, Hubei 443002, China
*E-mail: fanzexin@xtbg.org.cn, fpl@xtbg.org.cn

Abstract: Climate extremes are becoming more frequent and intense as climate variability increases, which
are affecting forest growth and productivity in many regions. However, our understanding of the responses
of forest growth to climate varying is still uncleared, particularly at intra-annual timescales. To address this
problem, the daily stem radius variations of Toona ciliata in four forest sites across environmental gradient
in southwestern China were monitored with high-resolution point dendrometer over three consecutive
years (2020-2022) and one year (2021) data of xylogenesis using micro-coring. Intra annual stem radial
growth of T ciliata revealed differences in patterns, rates, and duration of growth among sites and years,
which influenced by underlying seasonal micro-climate responses. The onset and cessation of growth
occurs earlier in tropical monsoon climate region compared to those in subtropical region. A large relative
effect of number of days with growth together with the maximum growth rate were explained on annual
stem radial growth contribution rather than the other stem phenology. Stem radial growth of T. ciliata
was mainly driven by precipitation and temperature whereas VPD was strongly affected tree water deficit
which induced tree growth reduction, especially at drier sites. Stem xylem productivity was influenced by
temperature and soil moisture availability with vapor pressure deficit limits xylem cell formation.

Keywords: Toona ciliata; High-resolution point dendrometer; Tropical forest; Sub-tropical forest; cambial

activity; Xylem cell differentiation
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Reconstruction of high-resolution April-September precipitation in China and
Drought-Flood pattern over the past ~530 years
Yongxiang Zhang''*", Hongli Wang?, Xuemei Shao*’ , Hongbin Liu', Haifeng Zhu*?, Lily Wang?,
Eryuan Liang®®, Zhixin Hao**, Xiugi Fang®, Qibin Zhang’, Jinjian Li®, Xinghe Shi®, Yujiang Yuan',
Feng Chen'"", Tongwen Zhang'®, Ruibo Zhang'®, Huaming Shang'®, Jianfeng Peng'

"National Climate Centre, China Meteorological Administration, Beijing 100081, China; °Key Laboratory of
Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research,
Chinese Academy of Sciences, Beijing 100101, China; *University of Chinese Academy of Sciences, Beijing
100049, China; “Key Laboratory of Alpine Ecology, Institute of Tibetan Plateau Research, Chinese Academy
of Sciences, Beijing 100101, China; >CAS Center for Excellence in Tibetan Plateau Earth Sciences, Beijing
100101, China; °Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China; 'State
key laboratory of vegetation and environmental change, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093, China; 8School of Atmospheric Sciences, Plateau Atmosphere and Environment Key
Laboratory of Sichuan Province, Chengdu University of Information Technology, Chengdu 610225, China;
’Qinghai Climate Centre, Xining, 810001 China; '°Key Laboratory of Tree-Ring Physical and Chemical
Research of China Meteorological Administration, Key Laboratory of Tree-Ring Ecology of Xinjiang Uigur
Autonomous Region, Institute of Desert Meteorology, China Meteorological Administration, Urumqi
830002, China; ""Yunnan Key Laboratory of International Rivers and Transboundary Eco-Security, Institute
of International Rivers and Eco-Security, Yunnan University, Kunming 650000, China;

"“College of Geography and Environmental Science, Henan University, Kaifeng 475004, China
*E-mail: Helen.zyx@hotmail.com, zhangyx@cma.cn

Abstract: Extreme drought events have increased and caused serious loss and damage on social economy
under current warming. However, the short meteorological data limit the cognation and projection of
those extremes. With the accumulation of proxy data especially tree ring, large scale precipitation field
reconstruct provide opportunities to further explore the underline mechanism. Based on 590 proxy
records, including 470 tree-ring width chronologies and 120 drought/flood indices, we reconstructed
past 530a April-September precipitation field in China by using the the point-by-point regression (PRR)
approach. The regression models explained more than 50% of the precipitation variance. The statistical test
on calibration and verification passed the significance test level that assured the reconstruction quality.
The reconstruction data performed good with both consistence and quality improvement comparing
to previous works. The first three leading modes of variability of the reconstruction show the main
precipitation distribution modes over China. During the past ~530 years, the wet/drought years accounted
for 12.81%/10.92% (68 years / 58 years), extremely wet/drought years accounted for 1.69%/3.20% (9
years / 17 years) in China, respectively. The major extreme drought can be identified explicitly in our
reconstruction. The detailed features of the Chongzhen Great Drought (1637-1643), one extreme drought
of Ming Dynasty from 1585 to 1590 and the Ding-Wu Great Famine (1874-1879) indicate the potential
different mechanisms in behind need to further explore. Although there are further improvements needed
in remote uninhabited areas and large deserts, our gridded April-September precipitation reconstruction
over the past ~530 years in China can provide a solid data base for studies on climate change attribution
and mechanism of extreme events.

Keywords: Precipitation reconstruction, Tree-rings, Historical documents, precipitation variability, Extreme
droughts
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Abstract: Seasonal differences of temperature are crucial components of the Earth’ s climate system.
However, the relatively short observational record, especially for East Asia, has limited progress in
understanding seasonal differences. In this study, we identify ten tree-ring chronologies separately
correlated with local winter (December—February) temperatures and twelve different tree-ring
chronologies separately correlated with summer (June-August) temperatures across East Asia. Using these
discrete seasonal tree-ring chronologies, we develop two independent winter and summer temperature
reconstructions covering the period 1376-1995 CE for East Asia, and compare them with model
simulations. Our reconstructions show a more significant volcanic cooling and earlier onset of modern
warming in summer than in winter. The reconstructed summer-minus-winter temperature decreased since
as early as the late 19th century, which has driven the current state of seasonal temperature difference to
out of the natural variability since the 1370s. Climate models could generally reproduce the variability and
trends in seasonal reconstructions, but might largely underestimate seasonal differences due to the fact
that seasonal expressions on external forcing and modes of internal variability are too small. Our study
highlights the importance of using proxy-based seasonal reconstructions to evaluate the performance of

climate models, and implies a substantial weakening of seasonal temperature differences in the future.
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RIHA, ATRERAENIIBAERAIRIRATHL. IBENIEHAIANE Mokt KNaS 8l T E, SIRIELS
R, FEDOSERITFSES. X—ARAERSSIRMES ARRERZEINXRRME THIOMNE.

XEER: RENXIEE, AKRR, WREE, SShamE

P



WIIRFEFXRE

FO1
T
TR RESKCFEithRS
Role of Pacific Ocean climate in regulating runoff in the source areas
of water transfer projects on the Pacific Rim
Feng Chen'*’, Shijie Wang'?, Qianjin Dong? Jan Esper*, Ulf Biintgen®, David Meko®, Hans W. Linderholm’,
Tao Wang®, Weipeng Yue', Xiaoen Zhao'?, Martin Hadad®, Alvaro Gonzalez-Reyes'®, Fahu Chen'"">"*"
'Yunnan Key Laboratory of International Rivers and Transboundary Eco-Security, Institute of International
Rivers and Eco-Security, Yunnan University, Kunming, China; *Southwest United Graduate School, Kunming
650504, China; *State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan
University, Wuhan 430072, China; “Department of Geography, Johannes Gutenberg University, Mainz,
Germany; *Department of Geography, University of Cambridge, Cambridge, UK; ®Laboratory of Tree-
Ring Research, University of Arizona, Tucson, AZ, USA; 'Regional Climate Group, Department of Earth
Sciences, University of Gothenburg, Gothenburg, Sweden; ®Climate Change Research Center and Nansen-
Zhu International Research Centre, Institute of Atmospheric Physics, Chinese Academy of Sciences (CAS),
Beijing 100029, China; °Laboratorio de Dendrocronologia de Zonas Aridas CIGEOBIO (CONICET-UNS)),
Gabinete de Geologia Ambiental (INGEO-UNS)J), San Juan, Argentina; '"Hémera Centro de Observacién
de la Tierra, Escuela de Ingenieria Forestal, Facultad de Ciencias, Universidad Mayor, Camino La Piramide
5750, Huechuraba, Santiago 8580745, Chile; ''Key Laboratory of Alpine Ecology, CAS Center for Excellence
in Tibetan Plateau Earth Sciences and Institute of Tibetan Plateau Research, Chinese Academy of Sciences
(CAS), Beijing, China; '*Key Laboratory of Western China’ s Environmental Systems (Ministry of Education),
Collegeof Earth and Environmental Sciences, Lanzhou University, Lanzhou, China; "*State Key Laboratory of
Earth Surface Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University,
Beijing, China
*E-mail: feng653@163.com

Abstract: Over the past two decades, more frequent and intense climate events have seriously threatened
the operation of water transfer projects in the Pacific Rim region. However, the role of climatic change in
driving runoff variations in the water source areas of these projects is unclear. We used tree-ring data to
reconstruct changes in the runoff of the Hanjiang River since 1580 CE representing an important water
source area for China's south-north water transfer project. Comparisons with hydroclimatic reconstructions
for the southwestern USA and central Chile indicated that the Pacific Rim region has experienced multiple
coiﬁciding droughts related to ENSO activity. Climate simulations indicate an increased likelihood of
drought occurrence in the Pacific Rim region in the coming decades. The combination of warming-induced
drought stresses with dynamic El Nifio (warming ENSO) patterns is a thread to urban agglomerations and

agricultural regions that rely on V\Iater transfer projects along the Pacific Rim.
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Shifts of forest resilience after seismic disturbances in tectonically active regions
Shan Gao', Eryuan Liang"’, Ruishun Liu', Xiaoming Lu', Sergio Rossi,
Haifeng Zhu', Shilong Piao', Josep Pefiuelas**, J. Julio Camarero®
'State Key Laboratory of Tibetan Plateau Earth System, Resources and Environment (TPESRE), Institute of
Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China; °Département des Sciences
Fondamentales, Université du Québec a Chicoutimi, Chicoutimi, Quebec, Canada; *CREAF, Cerdanyola del
Valles, Barcelona 08193, Catalonia, Spain; *CSIC, Global Ecology Unit CREAF-CSIC-UAB, Barcelona 08193,
Catalonia, Spain; °Instituto Pirenaico de Ecologia (IPE-CSIC), 50059 Zaragoza, Spain

*Email: liangey@itpcas.ac.cn

Abstract: Forests in tectonically active regions are disturbed by earthquakes. Besides direct injuries to
trees, earthquakes also induce stand-wide changes in hydrological conditions, whose effects on long-
term forest growth and resilience remain unknown. Here we establish spatio-temporal links between
global tree-ring width series and earthquakes after 1900, disentangle seismic signals from climate-induced
variations in ring width series, test growth changes using superposed epoch analysis and quantify post-
earthquake resilience shifts along environmental gradients in seven regions around the world. We found
sites with enhanced resilience locate in relatively dry areas of temperate regions, where the response
of tree.growth to growing-season precipitation also increased after earthquakes. Our results provide
evidence that earthquake-induced soil cracks and fractures increased precipitation infiltration to deeper
soil layers and enhanced the use of water and nutrients by trees. In contrast, reduced post-earthquake
resilience in regions with abundant precipitation can be explained by increased soil erosion and nutrient
leaching. We conclude that seismic disturbances cause decadal-scale shifts in forest resilience under
specific environmental conditions, disentangling complex interactions between lithosphere, biosphere and

atmosphere. These findings can contribute to a better understanding of how the Earth system functions.
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A 217-year precipitation reconstruction in the Habahe area, Xinjiang, Northeast China
Heli Zhang"?, Youping Chen', Feng Chen", Lu Li*, Huaming Shang®, Daming He',
Shengxia Jiang®, Mao Hu', Xiaoen Zhao', Weipeng Yue', Shijie Wang', Honghua Cao'

"Yunnan Key Laboratory of International Rivers and Transboundary Eco-Security, Institute of International
Rivers and Eco-Security, Yunnan University, Kunming 650504, Yunnan; ° Institute of Desert Meteorology,
China Meteorological Administration/ Key Laboratory of Tree-Ring Physical and Chemical Research of
China Meteorological Administration/Xinjiang Key Laboratory for Tree Ring Ecology, Urumgqi 830002,
China; * Xinjiang Meteorological Observatory, Urumgi 830002, China
*E-mail: feng653@163.com

Abstract: Evaluating long-term changes in precipitation resources is important for accurate hydrological
evaluation and forecasting, water security and rational allocation of water resources. For this purpose
in the Xinjiang Habahe area, tree-ring specimens were collected from Picea obovata, Larix sibirica, and
Betula platyphylla to establish a tree-ring width chronology, which was analyzed for a correlation with the
average temperature and precipitation per month for 1958-2016. Based on correlation coefficients for
monthly temperature and precipitation with the chronology of tree-ring widths, radial tree growth was
mainly restricted by precipitation, and tree-ring width chronology was significantly correlated with overall
precipitation from the previous July to the next June (r = 0.641, P < 0.01). The above results were used to
establish a transformation equation, and the overall precipitation from the previous July to the following
June from 1800 to 2016 in Habahe was reconstructed after adjusted degrees of freedom, and obtain an
explanatory rate of the variation up to 41.1% (40.0%). In addition to the reliability of the reconstructed
values, the stability of the conversion function was determined via the “leave-one-out” method, which is
commonly used in research on tree rings, and by cross-checking the conversion function with the reduced
error value (RE), product mean test (t), with a sign test (ST). During the last 217 years, there were nine dry
periods—1803-1829, 1861-1865, 1872-1885, 1892-1905, 1916-1923, 1943-1954, 1961-1966, 1973-1981,
and 2005-2011—and 12 wet periods—1830-1834, 1836-1860, 1866-1871, 1886-1891, 1906-1915, 1925-
1930, 1934-1942, 1955-1960, 1967-1972, 1982-1996, 2000-2004 and 2012-2016. Comparisons of the
reconstructions for neighboring regions and a spatial correlation analysis showed that the reconstructed
sequence of the present precipitation data better represented the changes in precipitation in Habahe.
Additionally, a power spectrum analysis revealed that precipitation over the past 217 years in Habahe
Province exhibited 2-5 years of quasiperiodic variation. A power spectrum analysis and wavelet analysis
indicated that ENSO influenced the precipitation cycles. This reconstruction provides more information on
high-frequency precipitation, which is an important supplement to the existing tree-ring reconstruction of
precipitation in the study area. The reconstruction of regional high-resolution precipitation changes over
the last several hundred years provides unique, important data for understanding regional differences in
climate at the decadal-centennial scale.

Keywords: tree ring; chronology; climate response; reconstruction; comparison
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Examining the 2022 drought event in the past and future discharge changes of the Upper Jialing
River from a tree-ring perspective
BERE ", FRig
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Abstract: The 2022 drought and discharge minimum in the Yangtze River basin had major economic and
ecological consequences. Increasing discharge instability under projected climate change poses serious
water resources management challenges, especially in the tributaries of major rivers that are potential
water source areas of water transfer projects. Understanding the instability of future discharges needs a
strong assessment of the natural variability of discharge lengths and intensities. In the absence of long-
term instrumental records, past discharge characteristics can be extrapolated from paleo-records. Here, we
develop a 301-year December—June discharge reconstruction specifically for the upper Jialing River, which
is the largest tributary of the Yangtze River, based on a standardized composite chronology of the tree-
ring widths of Pinus bungeana. The discharge reconstruction captured 40.5% of the variance observed in the
instrumental record from 1961 to 2018. The reconstructed series indicates that the low discharge values
in 2022 were unusually outside the normal historical range. Additionally, the recent period of 2019-2022
exhibited.the highest average anomaly compared to the rest of the reconstruction period. These discharge
variations are primarily influenced by the Tropical Pacific Index and the North Atlantic Oscillation. Climate
model projections indicate that the risk of the upper reaches of the Jialing River regularly experiencing
extreme low discharge (similar to 2022) is trending downward, with a probability of ~15% per year by
2100, while the risk of experiencing extreme high discharge is trending upward, with a probability of ~28%
per year by 2100. Our reconstruction and future projections for the upper Jialing River provide an update
on regional hydroclimatic change that may help improve water resource management in the future.

Keywords: Jialing River; Tree-ring; discharge reconstruction; drought signal
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Mixed of arbor-shrub significantly enhanced the drought stress adaptive capacity of plantation
forests—An interpretation based on dendroecology
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Abstract: Multispecies arbor-shrub mixed stands have long been applied in vegetation restoration of
the Chinese Loess Plateau, and are expected to provide better production and ecosystem services than
pure stands. However, whether higher species and structural diversity will help mitigate the limitations of
drought on plantations growth remain poorly quantified. We collected samples of the arbor Platycladus
orientalis Linn. and shrub Caragana korshinskii Kom. under different stand structures with the same site
conditions, using dendroecological methods analyzed the resistance, recovery, and resilience of mixed
and pure stands in response to extreme drought, and compared the differences of recovery capacity
under different tree species and stand structures based on the theory of full resilience. Results suggest
that drought has a lag effect on plantations growth. Radial growth of mixed and pure stands was mainly
limited by drought stress in autumn and winter of the previous year and late spring and early summer
of the current year. The recovery after the extreme drought of both planted P. orientalis and C. korshinskii
mixed stands were significantly (P < 0.05) higher than pure stands, and there are tradeoffs between
resistance and recovery. Comparing the different tree species, even if the drought-induced P. orientalis
growth reduction reaches 58.5% (mixed stands) and 41.6% (pure stands), it still has the possibility of recover
fully, while C. korshinskii is difficult to recover to the previous level, and the mixed mode also affects
the response of plantations to drought stress. Therefore, the growth habits and adaptability of different
planted species to drought stress should be considered in the future afforestation projects, and select
tree species with complementary traits for mixed planting. Taken together, these findings have important
significance for mitigating the limitations of drought on plantations growth and maintaining the ecological

function stability of plantations in the western Loess Plateau.
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Development of Dendrochronology and its track in China since
1990 reflected by bibliometric analysis
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Abstract: Dendrochronology is a discipline that uses tree rings to study the history and dynamics
of the earth system, such as climate change, natural disasters, and human activities. This study aims
to evaluate the development of dendrochronology and its track in China from 1990 to 2022 using a
bibliometric analysis approach. We screened the Web of Science Core Collection for documents related
to dendrochronology and analyzed them according to indicators related to production, cooperation,
citation, and keywords. Our study revealed that the number of dendrochronological publications increased
continuously, reaching more than 800 in 2021, with the USA and China being the top two countries. The
cooperation network of dendrochronology was mainly centered between North America and Europe,
with China having a moderate level of collaboration with other countries and regions like the USA and
Canada. Comprehensive research has been conducted within diverse fields of dendrochronology in the
world and in China, but dendrochronological research focusing on forestry and climatology represented a
slightly higher proportion of research originating from China. The integration of dendrochronology with
other disciplines and techniques, such as remote sensing, artificial intelligence, and modeling, may be
hotspots in future research, as indicated by the increasing co-occurrence analysis of keywords in the most
recent years. This study suggests that Chinese Dendrochronology still requires improved international
collaboration, diversified research topics beyond climate reconstructions, and greater emphasis on tree-
ring techniques to advance this discipline globally, despite of its increasing rank of publications in the past

decade.
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Climate-affected multi-decadal variations of biogenic volatile organic compounds in Pinus
tabuliformis growth rings, Funiu Mountains
Zhenjiang Li', Ting Wang', Shengyun Liu’,Yafeng Yang', Liu Yang', Chenyi Yu',
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Chinese Academy of Sciences, Beijing, 100085

*E-mail: liximei009@126.com

Abstract: Environmental factors influence tree growth and chemical accumulation, tree rings provide a
reliable proxy data for recording tree growth and historical environmental changes. Many studies confirmed
the long-time series climatic and ecological memory from tree ring data, however, little is known whether
there is long-term memory about biogenic volatile organic compounds (BVOCs) stored in tree special
organs. Based on two tree discs of Pinus tabulaeformis from the Taihang Mountains, this study aim to explore
whether there is long-series BVOCs memory in the tree rings and to analyze its long-term dynamics in
relation to climate change. The tree discs were divided into seven 5-year-growth periods (1986-1989,1990-
1994, 1995-1999...,, ect.), and the TD-GC-MS method was used to analyze the changes in BVOCs in different
growth.stages of P. tabulacformis. This study detected a total of 292 BVOCs but only 18 same compounds
were found throughout the seven growth stages. Temporal analyses showed decreasing trends for
monoterpenes (0.026%/yr) and diterpenes (0.120%/yr) whereas alcohols and oxygenated monoterpenes
showed increasing trends at 0.031%/yr and 0.042%/yr, respectively. Correlation analyses showed no
obvious link to yearly precipitation while seasonal temperature had a negative effect on monoterpenes
and diterpenes but positive effects on alcohols and oxygenated monoterpenes (all P < 0.05). This study
suggests that tree ring data can be used to study the dynamics of BVOCs and their correlation with climate
change, which helps us to understand the long-term environmental and growth memory of trees.

Keywords: Climate change; Biogenic volatile organic compounds; Pinus tabuliformis; Tree ring
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Precisely constrained 134-ka strong monsoon event in the Penultimate Deglaciation by an annually
laminated speleothem from the Asian monsoon domain
Jiahui Cui', Jingyao Zhao"’, Xiyu Dong’, Carlos Pérez-Mejias', Jing Lu’,
Ye Tian', Jian Wang', Liangkang Pan’, Haiwei Zhang', Hai Cheng'**”
'Institute of Global Environmental Change, Xi’ an Jiaotong University, Xi’ an 710049, China; *State

Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment, Chinese Academy of

Sciences, Xi’ an 710061, China; *Universal Scientific Education and Research Network (USERN), Xi‘an, China

*E-mail: zjy1230@xjtu.edu.cn

Abstract: The penultimate deglaciation was characterized by a sub-millennial-scale warm event in the
Heinrich Stadial (HS) 11, termed the 134-ka event. However, its precise timing and structure remain poorly
constrained due to the lack of high-resolution and precisely-dated records. We present an oxygen isotope
record of a speleothem with well-developed annual lamina from Zhangjia Cave, located in north margin
of Sichuan basin, characterizing Asian summer monsoon (ASM) changes in the 134-ka event, which
included an increase excursion of ~149 years and decrease excursion of ~200 years, inferred from 3.3%o0
8'°0 variations. This event also divided the weak ASM interval-Il (WMI-II), corresponding to HS11, into
two stages, the WMI-lla from 132.8 to 134.1 ka and WMI-IIb from 134.4 to 136.4 ka. With a comparable
climatic pattern globally, 134-ka event is essentially similar to the millennial-scale events in last glacial-
deglacial period. Particularly, the observed weak-strong-weak ASM sequence from 138.8 to 132.8 ka is
largely controlled by changes in the Atlantic Meridional Overturning Circulation forced by the meltwater
of northern high-latitude ice sheets. Moreover, our results underpin that AMOC, rather than the global ice
volume, is more critical to ASM variations during the last two deglaciation.

Keywords: Penultimate deglaciation; Asian summer monsoon; Heinrich Stadial 11; speleothem &§'°O record

174 -



"WAF - RELHE - KRed £

(GETTENED))

2222224 EEER R O

- 175 -



WIIRFEFXRE

CEETTEENED))

R =
Z2E EHR) TR EEER) AR E A-PO1
FEMSE TIEAS 2 MELFEFYSIE
SRR (B EHLBEE 530 E B | 4 poy
FPERI IR LA S IME R RSB RESKSIRAIBLR
fFvE (B +) . s .
TP AR B ARy LTRSS MR A-PO3
SE— | RPSESERMIBEATRE MSERT AR
HRSIRE .
B M) s [BRRUARHSEAE KR SRS A-P04
REE (7 L) BERSRAIEAR 40 FOERSE | ) pos
Bl N =) w2l REXSARZA AN KL
BEH (| T) BFRILSKRKEZRAER A-POG
PRI St R A S 5T R X SRE TN L
& ﬂ“?'[‘?ﬁm;ﬁélg P Eﬁ,ﬁfﬁ%ﬁg L IX,:‘AI%E', B-PO1
AR S S TR SR B EIEN R B RIS
o8& (D) TN IRERE R ZSITKEFA B-P02
LHITEA IR SHRE S5 AOERES UL
s L s BB ERRESIERA IR B-PO3
BkE (fn L) Growth Sensitivity to Extreme Temperatures| o 5o,
sm— JEEMRA KRBT in Boreal Forests is Linked to Stand Density
LSS AR (7 1) TETFATSRERRAGHERTSIE | 5 oo
SRARESSREZR RESHERTFZANXER
IFE (71 L) HB\L TP B TR S8 5 P0G
LM RN FERT B[R TAZERKTIRRHE
=gl (| T) WimTRERRE I TREEINT B-PO7
FEREF AR BT BEICT RIS
e DD R KT B-PO8
Ea= XFES (1§ T) S gu—— =
RRBERIE| PENSRERSORER | e DR ERARAR | CROT
SN Margarita Popkova Modeling the kinetics of cell enlargement of D-PO1
PIARR L BB Siberian federal university Larix Gmelinii Rupr (Rupr) in Central Siberia

in

- 176 -



"WAF - RELHE - KRed £

CEETTEENED))

RREE =

VS-CAMBIUM-DEVELOPER: a new
Daria Belousova forecasting tool to understand the dynamics

Siberian Federal University of cambial activity of conifers under the

influence of environmental factors

D-P0O2

R (L) =y / S FEEMR A ,

BE® (7 1) AR R E R >-P04
AR S RALHST iR X
Smm SR (5 T SRR NSHHOR D-POS
WARRERES| AR R SRR
B SREBRLIFIFESRR KRR | D-PO6
3 (5 R AR -
SR B A NSRS
f 18 (7 ) i 3Ma LURARTIEZR .
cHERY BRI SHE RSN SENa S fr
i ii8 B (57 +) i 700 FBRESEEDMHE - p0>
Erme | TERSTRRS R S REMIETH
sERS Ry | NOUTFAMAURISENRE | 50
SEEH (TT2I)
B EREAK FEMSRRKESEEURE | FPOT
SRR RE AR IR
=E Total Streamflow Variation for the U
W%Zkz%ﬁ XUE.[*¥ (Eﬂfﬂﬁﬁ%ﬁ) Otla reamrtiow variation Tor the upper

s Catchment of Bosten Lake Basin in China F-P02
fxvy = E==% VIN=7— Z3
HiR> PESRBSEATORSRMAMN Inferred from Tree-Ring Width Records

#%E (7 ) EERAESEEIA RRERED | ¢ ps
ARl ARK RIS R BT
EHt RS (7 T) g o L R R A
ARSI FHLITEAS FREEZATEIDRAESFEREREA 6-po1
AL W ST =i
SEA sl (Ldp) AR HNEEAERBRIIEAER | H-POT

MRSFRLEE|  PERERANRRAGEYE

- 177 -



#/\

EPENREFEEFZKE

(EETTTIED))

22222224 EEER R

- 178 -



"WAF - RELHE - KRed £

A-PO1

« EREE )
ET—: SRS
FAMREESEEIIIASRIEE 2 MISEEHSKE
e
' ERERETIREAS

*E-mail: [jj@cuit.edu.cn

WE: RIB)IIFERRILER 4 ME TR RIS HEARE Y KIFRIRELER RO, SSEFBERFHITHERN
DR, ZEXRORARAERKFESSEYN, XEFESSMBHNSEEERX, TES—F 10 BE
HE 9 B (P10-C9) WEISIBEEX MRS (71=0.774, P<0.01), FIRFERSIHRIBAIEXERT 1800-2018 F
P10-CO HISIR, EEASEEL THIMEN, HEBAEN 59.9%R,q°=59.2%)., EZEIETHEHT 4 MREH
5 NSHE, BEHAF 1850-1860 £F, 1878-1895 £, 1924-1963 £, 1996-2013 £, $HAF 1808-1828 4. 1832-
1849 F. 1961-1877 £, 1910-1923 . 1964-1995 F, FEA+FEREZPRRENTF. ERSES CRUKE
AEENSEEX ST R SEBiEEERFINL, IFREREREEREETSEM. it FRESER
BSOS MR (EEMD) S, Azt XKISIET (L7 3.03-3.57a, 5.56-8.33a, 11.11-25a, 33.69a. 73a. 146a
[EHA, TTRES ENSO &3, APHiEzN. POD LUK AMO %, EH—H Rzt XK SELAASI S,

- 179 -



WIIRFEFXRE

« EREE )
ET—: SRS
FREHESBERiEZE 530 FTFETHURESASIFRRIIRER
VRR "
' hERFEOESENEATNE, PEREFRAILESIMNERERRE, =M, 730000

*E-mail: liujj@lzb.ac.cn

HE. 2RTEESR TN RPEILDPERERATFEZUSRNARDESESHEEEERNFEN.,. FAREEE
KER 24 £EWMRXAES (5~ 9 B) TEEMN (scPDSI) BEEXNSBRAEISFFY, EHHRETMSET
i% (nested PCR) B 7 PEAL7TPEBIEXIT 2 530 FRITFHESRZRA, HRATERIFFIEE 12 FteiEtnresl (11
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Growth Sensitivity to Extreme Temperatures in Boreal Forests is Linked to Stand Density
Binggian Zhao', Yihong Zhu'?, Lushuang Gao'
! State Forestry and Grassland Administration Key Laboratory of Forest Resources & Environmental
Management, Beijing Forestry University, Beijing 100083, China
*Yale School of the Environment, Yale University, New Haven 06511, CT, United States

*E-mail: gaolushuang@bjfu.edu.cn

Abstract: Exploring the spatio-temporal characteristics of boreal growth sensitivity and its climate
drivers is the basis for assessing forest health and forest dynamics under climate change. However, the
growth pattern of southern edge of boreal forest is poorly understood. Larix gmelinii dominated species
distributed in southern edge of boreal forest help to clarify the trend. We studied radial growth patterns of
50 plots in the Greater Xing'an Mountains, confirmed that that there were differences in growth sensitivity
in different regions. Forest could be clustered spatially as Groups A and B based on radial growth. Growth
sensitive events in group A were frequent after 1991, while group B had higher growth sensitivity before
1992. Low temperature rather than drought forced in forest decline in Group A under high stand density.
In contrast, extreme high temperature was the main climatic factor inhibiting forest growth in Group
B under low stand density. In addition to drought, an urgent need for understanding of the impact of
extreme.temperature events on boreal forest, with a specific emphasis on the effects of extreme low
temperature. Thus, our study advocated the results further implies that changes in boreal forest response

to climate change.

Keywords: growth sensitivity, stand density, the southern edge of boreal forest, Larix gmelinii
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Modeling the kinetics of cell enlargement of Larix Gmelinii Rupr (Rupr) in Central Siberia
Margarita Popkova'”

'Siberian federal university

*E-mail: popkova.marg@gmail.com

Abstract: Trees are a kind of natural archives of information about the environment. The internal factors
of cell growth and maturation in combination with external conditions code the tree-ring structure of
conifers. The process-based models of tree-ring growth contribute to better understanding of the link
between environment, wood formation and structure and allow projecting further growth. In this study
we apply the VS-model to model and analyse the intra-annual cell anatomy of Larix gmelinii Rupr (Rupr)
growing in continuous permafrost zone of Central Siberia. Anatomical measurements obtained between
1950 and 2011 have demonstrated the low number of cells determining low tree-ring growth is due to the
challenging climatic conditions of the permafrost zone. The parameterization of the VS-model provided
highly significant positive correlations between simulated growth curves and initial tree-ring chronology
(R = 0.65). The results of timing procedure show that VS-model makes it possible to link climate and the
tree-ring structure. The procedure revealed strong relationships between modelled growth rates and
measured tracheid radial sizes for the full period 1950 - 2011. Seasonal observations of the number of
cells during the season allow some important comparisons to be made. The results of timing procedure
the growth rates modeled for the 2011 growing season fit well the timing (R = 0.91) and the observed
number of cambial and enlarging cells (R = 0.78 and 0.87, respectively). Moreover the comparison the
number of days from the start of the growth season to when the first cell moved into the enlargement
zone with the average growth rates during this period showed that years with low growth rates at the
beginning of the growing season correspond to continuous lags in the cells escape from the cambial zone.
Using a novel approach of timing of cell enlargement the number of enlarging cells modeled for the 2011
growing season was well matched with the number of enlarging cells observed on micro-cores collected in
the field. However, the model was unsuccessful in accurately determining the end of the growing season,
overestimating the season by a several weeks. This study has shown that the VS model successfully
simulates xylogenesis for larch growing in the permafrost zone both in case of “average tree” and for
individual plants. Even at the individual tree level, this approach to modelling intra-annual dynamics has

great potential for studying how climate affects tree-ring growth and formation.
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VS-CAMBIUM-DEVELOPER: a new forecasting tool to understand the dynamics of cambial activity of
conifers under the influence of environmental factors
D. Belousova'’, V. Shishov', M. Popkova'
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Abstract: The seasonal tree-ring formation is the result of the adaptation to environmental influences
in the changing climate. The structure of cambial cells is developing under the influence of internal
biochemical processes and environmental factors. Tree-ring growth simulation models are a useful tool
for analyzing these relationships. We have developed a new version of the VS-Cambium-Developer model
of cambial activity in conifers based on the daily concentration of a growth inhibitor in cambial cells. The
model is predictive and does not require manual adjustment of parameters for each year. The model can
be used for long-term reconstruction or predicting the development of the cambial zone. The model
calculates cell production and cambial kinetics for each season over a time period of direct daily climate
observations. The algorithm is implemented by the R programming language and can be adapted to the
VS-genn online platform. The model was tested on the measured seasonal production of cells from 1963
to 2011 of the Larix Sibirica in Southern Siberia (Bidzha, Khakassia). It was shown that climate conditions

explain more than 50% of the variation in cell production.
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Total Streamflow Variation for the Upper Catchment of Bosten Lake Basin
in China Inferred from Tree-Ring Width Records
Kexiang Liu'*?, Tongwen Zhang*’, Huaming Shang'#?, Yuting Fan'%?,
Shulong Yu'*?, Shengxia Jiang"*?, Weiyi Mao'*?, Xinchun Liu"*

'Institute of Desert Meteorology, China Meteorological Administration, Urumgi 830002, China; *Key
Laboratory of Tree-Ring Physical and Chemical Research of China Meteorological Administration, Urumqi
830002, China; *Xinjiang Key Laboratory of Tree-Ring Ecology, Urumgi 830002, China;

*Xinjiang Climate Center, Urumqi 830002, China

*E-mail: zhangtw@idm.cn

Abstract: Bosten Lake Basin not only is a major source of drinking water for the residents of the
surrounding area, but also maintains the ecological balance of the region. However, with the influence
of climate change and human activities, the water level of Bosten Lake fluctuates sharply and has a
great impact on the surrounding ecological environment. Therefore, the study of its historical water
flow changes as a reference has become a focus of research. In this study, the radial growth of Schrenk
spruces (Picea schrenkiana Fisch. et Mey.) significantly correlated with the tributary streamflow coming
from the mountainous region near Bosten Lake Basin. On the basis of this good coherence, the tree-
ring chronologies were used to reconstruct the streamflow for Huangshuigou River from the previous
August to the present July (r = 0.766, P < 0.0001, n = 50). The reconstructed streamflow series matched
observations well, explaining 63.3% of the variation in the observed streamflow of 1956-2005. Then, the
sum of the streamflow reconstruction of Huangshuigou River and another two tree-ring-based streamflow
reconstructions (Kaidu River and Qingshui River) was used to represent the hydrological variation of the
upper catchment of Bosten Lake Basin, and the reconstruction sequence was 306 years. The 10.7, 5.5, and
2.1 year cycles of the power spectrum and wavelet analysis revealed that the runoff series reconstructed
from tree-ring hydrometeorology was related to solar activity. Some dry and wet years in the reconstructed
streamflow series of the upper catchment of Bosten Lake Basin corresponded to the historical record.

During the wet years, the Indian Ocean was probably the main source of precipitation.
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