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Section S1  Soil porosity as volumetric arithmetic mixing of each components

We now demonstrate how Equation (16), which expresses total soil porosity as a function of the bulk and solid densities of the
composite soil system, leads to the arithmetic mixing formulation of Equation (17). Starting from Equation (16), we rewrite
the expression as a single rational form and group the terms by component :
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We then factor each component:
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Using volume mixing from equation Equations (12c¢) and the mass-volume relationships from Equation (13c), we obtain:
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And then:
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which corresponds to Equation (17) of the manuscript.

Section S2 Liu and Lennartz (2019) k,,: pedotransfer function

Lennartz and Liu (2019) proposed a specific PTF for peats based on a reanalysis of a large secondary database from Liu and
Lennartz (2019), using dry bulk density as the main predictor. The relationship expresses saturated hydraulic conductivity as a
function of the dry bulk density of peats, r, . (g-cm™3), as follows:

peat

—17.01-ry,,,, +2.19 VT < 0.2 gem 3
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-1.21 vV0.2<my,, <1.0gcm? (56)

10g1o(k’sat) = {

where log,((ksqt) is expressed in cm.h—.



Section S3 Additional table

Table S1. Examples of typical hydraulic and thermal parameter values used in land surface models for organic soils. Thermal properties are
generally based on Farouki (1981), while hydraulic parameters are derived from Letts et al. (2000) or Boelter (1966).

Parameters and Definitions Lawrence and Slater (2008)  Decharme et al. (2016)
Chsom soil solid heat capacity Am=3K-T)  25x10° 2.5%10%
Asom thermal conductivity of soil matrix ~ (W.m—LK~1) 025 0.25
Adryom  dry thermal conductivity W.m~1K=1) 0.05 0.05
Wsaty,  DOTOSity (m3-m—3) 0.9 0.93 to 0.845
bom pore-size distribution index -) 2.7 2.7t0 12
Ysat,m  air-entry pressure head (m) -0.0103 —0.0103 to —0.0101
ksat,,,  saturated hydraulic conductivity (m.s™h) 1x10~4 2.8x107% 1o Ix10~7




Section S4

Additional figures

a) Morris et al. (2022) ks,¢ data
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Figure S1. Multi-panel illustration of the data analysis and model development used to derive the pedotransfer function (PTF) for saturated
hydraulic conductivity of organic matter (ksqt,,,). (a) Density-based filtering of the dataset from Morris et al. (2022) using a 2D kernel
density estimator (KDE) in the [ps,,, ;1081 (ksat,,, )] space. Data points with KDE values below the 2nd percentile (red crosses) were
excluded as outliers, retaining 98% of the original dataset (865 points). (b) Scatter plot of ksqz,,, as a function of both depth (z) and organic
bulk density, showing a general decline with increasing depth and density. (c) Comparison between model predictions and observations of
logyo(ksato,, ) for training (80%) and validation (20%) datasets. Coefficients of determination (r?) are 0.41 and 0.46, respectively. (d) 3D
visualization of the fitted model (Equation 36) showing the combined influence of depth and py,,,, on ksqt,,,, , compared with the observations.
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Figure S2. Same as Figure 4, but restricted to samples with f,,,,,, > 4% in the datasets of Keller and Hikansson (2010) and Kristensen et al.
(2019), or with fr,,. > 2% in the dataset of Arkhangel’skaya (2009).
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Figure S3. Distribution of organic matter particle density (ps,,,, g cm ™) across the compiled datasets. The histogram (bars) is shown with
a kernel density estimate (red line). The mean, median, and standard deviation are indicated in the panel.
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Figure S4. As Figure 6, but including the comparison of the PTFs of Weynants et al. (2009) and Wosten et al. (1999) with the dataset from
Kristensen et al. (2019). Panels show the predicted versus observed volumetric water content at different matric potentials (-1, -10, -100, and
-1500 kPa) for (a) this study, (b) Weynants et al. (2009), and (c) Wosten et al. (1999).
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Figure S5. As Figure 7, but including the comparison of the PTFs of Weynants et al. (2009) and Wosten et al. (1999) with the dataset from
Gupta et al. (2021). Panels show the predicted versus observed volumetric water content at different matric potentials (-6, -10, -33, and -1500
kPa) for (a) this study, (b) Weynants et al. (2009), and (c) Wosten et al. (1999).
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Figure S6. As Figure 8, but including the comparison of the PTFs of Weynants et al. (2009) and Wosten et al. (1999) with the dataset from
Gupta et al. (2021). Panels show the predicted versus observed saturated hydraulic conductivity for (a) Weynants et al. (2009), (b) Wosten et
al. (1999), (c) this study, and (d) soils with SOC content > 8%.
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