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Figure S1. Comparison of observed and simulated soil water content using performance metrics: SPAEF
(Spatial Efficiency), HistoMatch (Histogram Matching), CORR (Correlation), and CV (Coefficient of
Variation). Panel (a) shows mHM results with Boeing et al. (2022) parameters vs. observed values. Panel
(b) presents simulations using the mean of the top 10 calibrated parameter sets vs. observed CRNS data.
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Figure S2. Comparison of observed and simulated neutron counts data using performance metrics: SPAEF
(Spatial Efficiency), HistoMatch (Histogram Matching), CORR (Correlation), and CV (Coefficient of
Variation). Panel (a) shows results with (Boeing et al., 2022) parameters in mHM vs. observed neutron
counts. Panel (b) shows calibrated top 10 parameter sets with mean values simulating the neutron counts
from mHM vs. observed CRNS data. The frequency distributions of observed and simulated values are
displayed for each case.
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KGE NSE PBIAS r square

Figure S3. CDF of performance metrics (KGE, NSE, r-square, PBIAS) for neutron counts in the mHM
simulation ensemble (100,000 realizations) across four land cover types: meadows (M), dense forests

(F1), half-open forests (F2), and shunting areas (F3). The grey-shaded area indicates optimal performance
thresholds.
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Figure S4. Comparison of neutron counts estimates from different methods across various land cover types.
(a) neutron counts measurement using rail-based cosmic-ray neutron sensing (rail-CRNS). (b) Neutron
counts were simulated using mHM from Boeing et al. (2022). (c) Neutron counts were simulated using
mHM in this study. The left panels show a time series of neutron counts (cph) for different land cover types
(F1 - dense forest, F2 - half-open forest, F3 - shunting area, M - meadow), along with precipitation data.
The right panels display the spatial distribution of neutron counts over time from Oct 2021 to July 2022 for
different grid locations.
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Measured by rail-CRNS (upscaled): Monthly Mean Gravimetric SWC Maps

Mean Gravimetric SWC (g/g)
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Figure S5. Monthly mean gravimetric SWC (g/g) from rail-CRNS (upscaled) using the inverse distance
weighting (IDW) approach, overlaid with the 9 km rail track (black line), from September 2021 to June
2022.

mHM (this study): Monthly Mean Gravimetric SWC Maps
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Figure S6. Monthly mean gravimetric SWC (g/g) simulated by mHM (calibrated parameters), overlaid
with the 9 km rail track (black line), from September 2021 to June 2022.
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Figure S7. Neutron counts simulated by mHM at four different land cover types (M: meadow, F2: open
forest, F1: dense forest, and F3: shunting area) from Sep 2021 to Jul 2022 between Blankenburg-Riibeland.
Measured rail-based CRNS data are shown in gray dots.
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Figure S8. Probability Density Function (PDF) for nine parameters (soil moisture module) of the mHM
taken from Npes w method. The prior PDF of the original sample, consisting of LHS 100 000 data points, is
represented by the blue color. The behavioral PDF LHS 10, obtained after applying the objective function,
is shown in orange for four sites.
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