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Abstract: [Objective] This study aimed to investigate the spatial differentiation and individual
heterogeneity in the radial growth response of Picea schrenkiana to vapor pressure deficit (VPD) in the
Tianshan Mountains, and elucidate the immediate and lagged effects of VPD, thereby providing a theoretical
basis for predicting mountain forest dynamics under climate warming and drying. [Method] Using tree-ring
width chronologies and climate data from P. schrenkiana stands across the Tianshan Mountains, we
compared site-level mean chronologies among different study areas to reveal spatial variation in VPD
response. At the individual-tree scale, generalized additive mixed models (GAMMs) were employed to
quantify the response intensity of radial growth to VPD in the current and previous years, and random forest
models were used to evaluate the relative contributions of tree age and environmental factors.
[Result] (1) From 1980 to 2023, all four study regions experienced significant warming (P < 0.01), while
summer VPD increased highly significantly (P < 0.001). The regions showed marked differences in
hydrothermal conditions, with Hami and Banfanggou being relatively warm and dry, whereas Wusu and
Jimsar were relatively humid. (2) Radial growth of P. schrenkiana and its climatic responses showed clear
regional differentiation. In the warm-dry zone (Hami and Banfanggou), the tree-ring width index (RWI) was
significantly negatively correlated with summer VPD (P < 0.01), whereas responses in the relatively humid
zone (Wusu and Jimsar) were weaker or non-significant. (3) At the regional scale, the mean current-year
VPD growth sensitivity (8yppy) in the warm-dry zone were —0.041 and —0.055 in Banfanggou and Hami,
respectively, indicating relatively strong negative responses, whereas the Sy ppy) in the relatively humid zone
(Wusu and Jimsar) were both close to zero. For previous-year VPD responses, negative responses were
further strengthened in the warm-dry zone, with the proportion of individuals showing negative responses
increasing to 68%—69%, indicating a stronger lagged negative effect of VPD on radial growth under warm-
dry conditions. (4) At the individual-tree scale, response strategies showed marked heterogeneity. The warm-
dry zone (Hami and Banfanggou) was dominated by the double-negative type (51.7% and 47.1%,
respectively), with relatively concentrated response directions, whereas the relatively cold-humid zone
(Wusu and Jimsar) showed a more balanced distribution of response types, with both positive and negative
responses, indicating that regional climatic background not only affects overall response intensity but also
regulates individual response strategies. (5) Random forest analysis showed that tree age had the highest
importance (IncMSE = 0.005 79), followed by elevation and climatic factors, whereas precipitation and
topographic factors such as aspect and slope contributed relatively little, indicating that tree age is the
primary factor underlying individual differences in VPD growth sensitivity. [Conclusion] At both regional
and individual-tree scales, the VPD growth response of P. schrenkiana is jointly regulated by regional
hydrothermal gradients and individual attributes. Tree age constitutes the intrinsic basis determining VPD
growth sensitivity, while regional hydrothermal background modulates the expression of individual response
strategies. The combined effect of immediate and lagged VPD responses further exacerbates the risk of
forest decline in warm-dry zones. Incorporating tree age structure and regional habitat type into forest
dynamic prediction models can improve the assessment of mountain forest growth response and ecosystem
stability under climate warming and drying.

Key words: Picea schrenkiana; vapor pressure deficit; tree-ring width; individual heterogeneity; tree age

effect; spatial differentiation
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Tab. 1 Details of the study area and sampling sites
FFEX R FEHAE ZYa s i /m SRAERRSUFESEL BN RS A K A ke
=N 9 43°59'N ~ 44°17'N, 83°34'E ~ 85°04'E 1 766.13 ~2 165.78 45/90 2007—20254E  1892—20254F
R 551 8 43°25'N ~ 43°26'N, 87°28'E ~ 87°34'E 1 714.19 ~ 1 869.69 34/68 1998—20254F  1916—20254F
FARFER 6 43°43'N ~ 43°54'N, 88°41'E ~ 89°07'E 1 696.34 ~ 1 895.16 30/60 2000—20254  1921—20254F
e 13 43°18'N ~43°32'N, 92°34'E ~ 93°46'E 2 118.37 ~ 2 460.42 63/126 2000—20254  1895—20254F
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Tab. 2 Statistical characteristics of tree ring width chronologies
B FE X 42k MS SD ACI Rbar SNR EPS PC1/VFE/%
LE%N 0.133 0.218 0.800 0.301 24.990 0.962 34.840
LR 0.119 0.086 0.777 0.494 58.580 0.983 59.100
FHARFER 0.123 0.070 0.654 0.438 60.000 0.984 43.600
LR 0.079 0.055 0.808 0.330 50.300 0.981 38.400
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Fig. 2 Variations in annual mean temperature across four study regions during 1980-2023
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Fig. 3 Variations in annual precipitation across four study regions during 1980-2023
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Fig. 5 Radial growth and its responses to climate change
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