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Figure S1. Sensitivity analysis of the long-term trend in forest iWUE based on long-term tree-ring sequences.
Annual mean iWUE calculated from all tree-ring sequences (blue, n = 34) and a fixed subset of long-term records with record lengths ≥40 years (red, n = 9) during 1961–2012. Error bars represent the standard error (SE). Solid and dashed lines represent the ordinary least squares (OLS) linear trends for all sequences and the fixed long-term subset, respectively. The trend slopes for all sequences and the fixed long-term subset were 0.4366 and 0.4841 μmol mol⁻¹ yr⁻¹, respectively, and both were statistically significant (P < 0.001). Both sample compositions showed consistent significant increasing trends, indicating that the long-term increase in regional mean iWUE was robust to changes in annual sample composition.
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Figure S2. Distribution of forest intrinsic water-use efficiency (iWUE) across different Köppen–Geiger climate types in the study region.
(a) Overall mean and 95% confidence interval of iWUE based on the 34 tree-ring δ¹³C records. The black filled circle represents the overall mean iWUE across the 34 tree-ring sequences, and the vertical black line represents the 95% confidence interval of the mean. The sample size is indicated as n = 34.
(b) Distribution of iWUE across different Köppen–Geiger climate types. Arid (B, n = 8), temperate (C, n = 10), and continental (D, n = 16) climate regions indicate the numbers of tree-ring sequences in each climate group. Colored points represent the iWUE values of individual tree-ring sequences. Boxes represent the interquartile range (IQR; 25th–75th percentiles), with the horizontal line inside each box indicating the median. Whiskers extend to the minimum and maximum values excluding outliers. Large colored circles represent the mean iWUE for each climate type, with vertical error bars indicating the 95% confidence intervals of the means. Differences in iWUE among climate types were tested using a linear mixed-effects model (LMM), with Köppen–Geiger climate type specified as a fixed effect and sampling site specified as a random effect. The P value shown in the figure indicates the significance test for the fixed effect of Köppen–Geiger climate type.
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Figure S3. Spatial distribution of interannual trends in tree intrinsic water-use efficiency (iWUE) across China.
The circles represent the sampling sites of the 34 tree-ring δ¹³C records, and circle colors indicate the OLS-estimated slopes of the interannual trends in iWUE (Trend, μmol mol⁻¹ yr⁻¹), with colors ranging from light to dark representing increasing trend slopes. Background colors indicate vegetation types across China, including evergreen needleleaf forest (ENF), deciduous broadleaf forest (DBF), deciduous needleleaf forest (DNF), deciduous needleleaf shrubland/woodland (DNL), mixed forest (MF), shrublands, savannas, and grasslands. Positive trend slopes indicate an increase in iWUE over time, whereas negative trend slopes indicate a decrease in iWUE over time. The sample size is n = 34.
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Figure S4. Correlation matrix between tree intrinsic water-use efficiency (iWUE) and major climatic factors across different climate regions in China.
Based on the 34 tree-ring δ¹³C records, Pearson correlation coefficients (r) were calculated between iWUE and MAP, MAT, VP, and AI for the full dataset and separately for the arid climate region (B, n = 8), temperate climate region (C, n = 10), and continental climate region (D, n = 16). Numbers in the matrix represent Pearson correlation coefficients, with positive values indicating positive correlations between iWUE and the corresponding climatic factors and negative values indicating negative correlations. Color indicates the direction and strength of the correlations, with the color gradient from blue to red corresponding to r values from −1 to 1; white indicates correlation coefficients close to zero. Columns represent the full dataset and the three Köppen–Geiger climate types (B, C, and D).
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Figure S5. Partial correlation matrix between tree intrinsic water-use efficiency (iWUE) and major climatic factors across different climate regions in China.
Based on the 34 tree-ring δ¹³C records, partial correlation coefficients were calculated between iWUE and MAP, MAT, VP, and AI for the full dataset and separately for the arid climate region (B, n = 8), temperate climate region (C, n = 10), and continental climate region (D, n = 16). Partial correlation analyses were conducted while controlling for the effects of the other major climatic factors. Numbers in the matrix represent partial correlation coefficients (r), with positive values indicating positive correlations and negative values indicating negative correlations. Color indicates the direction and strength of the partial correlations, with the color gradient from blue to red corresponding to r values from −1 to 1; white indicates partial correlation coefficients close to zero. Columns represent the full dataset and the three Köppen–Geiger climate types (B, C, and D). Because of the relatively small sample sizes within each Köppen–Geiger climate type, the stratified partial correlation results are primarily intended to explore statistical associations among variables rather than provide deterministic mechanistic interpretations.
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Figure S6. Scatterplots and linear fits of dW/dCₐ against environmental factors across different Köppen–Geiger climate regions.
Based on the 34 tree-ring δ¹³C records, the relationships between dW/dCₐ and MAP, PET, MAT, VP, DEM, and AI were analyzed for the full dataset and separately for the arid climate region (B, n = 8), temperate climate region (C, n = 10), and continental climate region (D, n = 16). Each row corresponds to an environmental factor, and each column represents the full dataset, arid climate region (B), temperate climate region (C), and continental climate region (D), respectively. Points represent the dW/dCₐ values of individual tree-ring sequences and their corresponding environmental factor values. Black, orange, green, and blue points represent the full dataset, B, C, and D climate regions, respectively. Solid lines represent the results of linear regression fits between dW/dCₐ and the corresponding environmental factors. The x-axis represents MAP, PET, MAT, VP, DEM, and AI, respectively, and the y-axis represents dW/dCₐ.

Table S1. Sensitivity analysis of climatic-group differences in dW/dCₐ
	Statistical method
	Test
	P value

	LMM (primary analysis)
	Köppen fixed effect
	P = 0.489

	One-way ANOVA
	Differences among climate types
	P = 0.520

	Kruskal–Wallis test
	Nonparametric test
	P = 0.820
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