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Table S1. Examples of spin-up methods and applications used in ecohydrological and biogeochemical models across different spatial scales.

The table summarizes the model name, spatial scale, and methodological approach. The category indicates whether the spin-up scheme was

newly introduced or applied and eventually compared to other methods.
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Table S2. Comparison between soil organic carbon and nitrogen (SOC, SON) from the steady state condition with the biogeochemistry-only

module (i.e., no coupled vegetation-soil biogeochemistry dynamics) and the reference steady state from the most comprehensive plot-scale

spin-up (i.e., considering coupled vegetation-soil biogeochemistry dynamics) in the ten cells (see Fig. 2h in the main text). Information on

vegetation cover and soil texture in these cells is also provided.
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Table S3. Jensen–Shannon divergence (�10−4) between the probability density functions (PDFs) of soil organic carbon (SOC) and soil

organic nitrogen (SON) from different percentages of tracked cells and those from the benchmark simulation across multiple simulation

scenarios. Values in parentheses under the Random Soil scenario represent results obtained when clay content was included as an additional

predictor in the random forest model.

Scenarios/Track cells [%] 10 20 40 60 80

Original
SOC 6.04 2.84 1.05 0.59 0.27

SON 0.99 0.57 0.28 0.15 0.08

Random Veg
SOC 3.40 2.66 1.13 0.61 0.34

SON 0.82 0.62 0.29 0.18 0.12

Homog. Veg
SOC 2.49 1.10 0.79 0.31 0.11

SON 0.98 0.56 0.33 0.18 0.05

Random Soil
SOC 6659 (6.80) 24 (4.05) 21 (2.12)

SON 6725 (3.39) 16 (2.26) 2 (1.81)

Homog. Soil
SOC 4.37 1.36 0.53

SON 0.50 0.24 0.12

0.5 hmax

SOC 5.62 2.16 0.88

SON 0.98 0.57 0.25

0.2 hmax

SOC 4.08 2.68 0.68

SON 0.70 0.37 0.18
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Figure S1. Comparison of steady state of (a) soil organic carbon (SOC) and (b) soil organic nitrogen (SON) using only the biogeochemistry

module, with forcing and flux tracking periods of 1 year, 3 years, 6 years, and 9 years (reference). The forcing and flux tracking period is

repeated to complete the 1000-year spin-up of the biogeochemistry module.
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Figure S2. Distribution of topographic and soil attributes for all grid cells and selected subsets used for random forest model training. Panels

show the distributions of (a) elevation, (b) slope, (c) curvature, and (d) sand percentage for all cells in the domain (“All cells”), different

percentages of tracked training cells (10%–80%), and the 10 selected reference points for additional plot-scale simulation. The distributions

indicate that the selected subsets preserve the key topographic and soil characteristics of the full domain.

6




