


[bookmark: _GoBack]Supplementary Text1  Estimation of carbon allocation
1.1 Data preprocessing and temporal consistency
To facilitate the integration of multi-source datasets, we harmonized all observations to a common 8-day temporal resolution. A strict consistency protocol was enforced: only timesteps exhibiting concurrent availability of X-VOD, L-VOD, and all environmental variables (SM, P, VPD, Rn,) were retained for analysis. Missing or invalid values were masked as NaN, implicitly applying a spatial mask based on valid data availability during subsequent model fitting.
1.2 Climate effect removal using regression residuals
To isolate vegetation structural variability, climate-driven effects were removed using pixel-wise multiple linear regression:
	

	(1)



where represents X-VOD or L-VOD at time , whererepresents the climate-independent structural component of vegetation optical depth. he regression was applied independently for each pixel using all available observations with complete predictor information. Pixels with fewer than 10 valid samples were excluded to ensure model stability. The structural residual was computed as:
	

	(2)


1.3 Growing-season aggregation
To suppress short-term fluctuations and enhance structural signals, residuals were smoothed using a backward moving average with a window size of 8 time steps. Then the growing-season structural signals were defined using June–August. For each year , the seasonal structural state was computed as:
	

	(3)


where is the number of valid observations within the growing season. This step was applied separately for X-VOD and L-VOD residuals.
1.4 Interannual structural increment calculation
We quantified carbon allocation based on interannual structural signals rather than intra-annual variations to better capture persistent vegetation investment while minimizing confounding effects from phenology and short-term environmental fluctuations. To capture directional carbon allocation dynamics, interannual structural increments were defined as:
	

	(4)


This formulation retains only positive changes, representing net structural investment, while excluding declines potentially associated with disturbances or short-term variability. The cumulative structural increment over the study period (2010–2020) was calculated as:
	

	(5)


This procedure was conducted independently for X-VOD and L-VOD.
1.5 Carbon allocation estimation
Leaf carbon allocation was defined as the relative contribution of X-VOD structural increments:
	

	(6)

	

	(7)



Supplementary Figures
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Figure S1. Spatial patterns of leaf and woody biomass trends. Continuous trends in (a) leaf biomass and (b) woody biomass across boreal forests.
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Supplementary Fig. S2. Spatial pattern and validation of leaf allocation. (a) Spatial distribution of estimated leaf allocation. (b) Latitudinal variation in leaf allocation. (c) Frequency distribution of leaf allocation. d, Comparison between estimated and observed leaf allocation.
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Supplementary Fig. S3. Spatial pattern of leaf allocation trends.
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Supplementary Fig. S4. Ecological regions and tree cover distribution in Northern Eurasia boreal forest. (a) Spatial delineation of ecological regions across Northern Eurasia boreal forest. (b) Spatial pattern of tree cover (%) across the study area.
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Supplementary S5. Mean carbon loss induced by background-morality under 1-year, 2-year consecutive, and 3-year consecutive drought events across lower and higher wetting regions.
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