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1 Additional Simulation Results

This section presents a comparison of soil moisture and percolation simulations with and without the soil freezing module
activated in the SVS land surface model. To highlight the potential influence of the soil freezing module, the analysis focuses
on the months where soil freezing is likely to occur (November to April). Figures S1 and S2 show the daily averaged soil
moisture and percolation volumes, respectively, for three periods: November 2019 to April 2020, November 2020 to April
2021, and November 2021 to April 2022.
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Figure S1. Daily averaged soil moisture (m® m™?) simulated with and without the soil freezing module in the SVS model. (a) November
2019 to April 2020. (b) November 2020 to April 2021. (c) November 2021 to April 2022 (no observations available for this period). The
lines represent the ensemble means of the SVS model with soil freezing (gold brown), without soil freezing (‘“no frz”, grey), and observations
from lysimeters L1 (black) and L2 (purple). The shaded areas represent the 95% confidence intervals of the corresponding SVS ensembles.
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Figure S2. Daily averaged percolation (mm d ') simulated with and without the soil freezing module in the SVS model. (a) November 2019
to April 2020. (b) November 2020 to April 2021. (c) November 2021 to April 2022. The lines represent the ensemble means of the SVS
model with soil freezing (gold brown), without soil freezing (“no frz”, grey), and observations from lysimeters L1 (black) and L2 (purple).
The shaded areas represent the 95% confidence intervals of the corresponding SVS ensembles.

2 Comparison of PTF-Estimated and Laboratory-Measured Soil Properties

This section presents a comparison of soil hydraulic properties estimated from laboratory measurements and estimated using
pedotransfer functions (PTFs). Table S1 summarizes the descriptive statistics of the observed and PTF-predicted soil properties
10 for topsoil and cover material.
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