
We’d like to thank the reviewer for its careful reading and its useful comments.

The manuscript focuses on the use of a Richards-based solver to reproduce
hydrological observations from multiple lysimeters in France. The case study is also
used to compare three soil hydraulic models (i.e., Brooks-Corey, van
Genuchten-Mualem, a combination of both). The aim is relevant for HESS and
somehow interesting, however the manuscript possesses multiple methodological
weaknesses:

1. The choice to use the ISBA LSM model, which was conceived to operate on larger
scales, to investigate a process at the lysimeter level (and prove a soil physics point:
Brooks vs van Genuchten) is questionable. The model solves the Richards equation
using a Crank-Nicolson scheme but there are no details about the spatial
discretization, boundary conditions, etc. By reading this
(https://doi.org/10.1029/2018MS001545), the model seems to use a multi-layer
approach based on the finite difference. Widely used vadose zone hydrological
model such as HYDRUS or SWAP use schemes that comply with the mass
conservative approach proposed by Celia et al. (1990). These models have been
widely tested, and would be a more rational choice to investigate processes at the
lysimeter level and compare multiple soil hydraulic models.

The ISBA LSM model is applied at global, regional and local scales. Several
studies showed the good performance of ISBA at local scale : Boone et al., 2000,
Calvet et al., 1999, Decharme et al., 2011. Moreover, studying lysimeters with
LSM allows us to verify and to propose improvement directions for simulations at
larger scale, such as the integration of a heterogeneous profile with depth.
Moreover, compared to SWAP or HYDRUS models, ISBA solves both the water
and energy budgets at a fine temporal scale so as to provide atmospheric models
with surface flux (latent and heat fluxes) and boundary conditions (surface
temperature and albedo for instance).

The Richards equation is solved numerically using a Crank‐Nicholson implicit
time scheme where the flux term is linearized via a one‐order Taylor series
expansion and as Hydrus or SWAP, uses a mass conservative method
(Decharme et al., 2011, Decharme et al., 2013, Masson et al., 2013). The mixed
form of the Richards equation is solved, as it has more robustness with respect
to mass balance.

Thank you for noticing that spatial discretization and boundary conditions were
missing.
In this study, the soil discretization was adapted to the lysimeter depth and to the
measurement depths: 13 soil layers are used, with nodes at 0.01, 0.04, 0.1, 0.2,
0.4, 0.6, 1.0, 1.2, 1.4, 1.6,1.8 and 2 m. A free drainage condition is used at the



bottom of the soil column. Additionally, a one-year simulation is performed and
the output of the simulation are used

We’ll add all these informations in the revised version of the article

2. The whole methodology on the comparison between model predictions and
observations is cumbersome to read, not novel, and weak.

Sorry that you didn’t enjoy the reading, although reviewer 3 stated that “,
the paper is well written and a pleasure to read” . The simulations of the
lysimeter data are made using a SVAT model used in regional hydrology,
weather and climate models, which is not that common, and include even
an interactive vegetation scheme. The comparison of the simulation with
the observation is made using classical statistical scores, but also,
focussing on specific events, which again is not that common. Hovmoller
diagrams (figures 9, 10, 12) and Taylor diagram (figure 11) are used. But it
seems that the comment focuses mainly on the estimation of the soil
parameter, according to the following points:

● No error metric is reported to compare multiple soil hydraulic models.
Besides fitting (which should be quantified), other metrics should be
used to compare also the complexity of the models (e.g., at least Akaike
Information Criterion)

● The calibration procedure should compare time series of modeled and
observed soil water quantities (e.g., water contents). An objective function
or a likelihood (e.g., NSE, Gaussian, etc) should be selected, and a
numerical algorithm should be used to perform the model calibration.
Further, parameters uncertainty should be assessed to see how
informative are data, and whether the choice of a more complex model is
justified. Only after having performed a statistically robust analysis, it is
possible to try to explain why BC+VG is better and when. As they are,
methods don’t support enough the conclusions, and neither represent
a novel contribution to the field.

Thank you for these useful comments. Indeed, we did not provide details on the
soil parameters calibration procedure, as we mainly focused on the difference
between the soil parameters derived from in-situ data to those derived from
pedotransfer functions. We will add the details in the revised version of the
article.

The calibration of the soil parameters was performed using two methods: i) an
objective least squares function which minimizes the sum of the squares of the



deviations and corresponds to maximizing the likelihood with a normal distribution
(function nls of rstudio). ii) the package SoilHyP (Dettmann et al., 2022) which
uses the Shuffled Complex Evolution (SCE) optimization.

The two methods converge on very closed estimated parameters (

).δ𝑏: 1. 6;  δ𝑛: 0. 01; δ𝑤𝑠𝑎𝑡: 0. 0085 (𝑚3𝑚−3); δα: 2 (𝑚−1);  δΨ𝑠𝑎𝑡: 0. 019 (𝑚)  

Statistical scores and errors metrics on the estimation of the soil water retention
curves (WRC) are presented in Table R1.1 for the BC66 and VG80 relationships
at each depth. On the entire fit and close to saturation ( ), values> ω

𝑠𝑎𝑡
* 0. 9

median, minimal and maximal are presented. The fitted are generally better in
depth, and a better r² for VG80 than for BC66 near to saturation. Near
saturation, the NRMSE is also better for VG80 than BC66.

Table R1.1 : Statistical scores (regression, r²) and errors metrics (Normalized
Root Mean Square Error, NRMSE, and Akaike information criterion, AIC) for
the BC66 and VG80 relationships at each depth (20-50-100 and 150 cm) on
the total entire fit (Total) and close to saturation ( ) for all lysimeters> ω

𝑠𝑎𝑡
* 0. 9

for soil water retention curves (WRC).

The calibration of the hydraulic conductivity curves (HCC) was also realized.
For each depth, we estimated the hydraulic conductivity at saturation with the
water volumetric content and the drainage at 2m for at least 3 years by
averaging the drainage values for each water volumetric content value.
Statistical scores are shown in Table R1.2 for the four relations. RMSE are
better at depth with closer differences than at surface, and always better for
VGBC (<0.5 mm/h). AIC are relatively closed between the four relations.

Table R1.2 : Statistical scores (regression, r²) and errors metrics (Root Mean
Square Error, RMSE, and Akaike information criterion,AIC) for the BC66 and
VG80 relationships at each depth (20-50-100 and 150 cm) for calibration for



hydraulic conductivity curve (HCC).

Specific comments:

L15-20 Not really. Drainage is the amount of water that bypasses the root zone.

It is true that drainage can be associated with different fluxes, which is why we
provided the definition. Indeed, if drainage is sometimes associated to the
amount of water that bypasses the root zone (Silburn et al., 2013) it is also
traditionally associated to the part of precipitation that flows through the first
meters of soil down to the aquifer (Philip et al., 1969, Whisler et al., 1970). We
will add these references to the  revised version of the article.

L47-50 Nonlinearity cannot be a source of criticism, otherwise an endless number
of equations used in environmental modeling should be “criticized”. I would
remove this part. Richards equation is not perfect, but we are still far from finding
a viable, widely used, and extensively validated alternative.

We agree with your comments, and we agree to remove this part.

L56 BC66 has that sharp singular point near the air-entry pressure that makes it
not very stable. (https://doi.org/10.1029/93WR03238). Authors indeed discuss
this point later. However, more specific references are needed to prove your point
that BC66 is more numerically stable than VG80.

Thank you for highlighting this point. The non-linear form of the VG80 hydraulic
conductivity has a high reduction at pressures near saturation in particular for n
values close to 1, and has numerical convergence problems (Van Genuchten
1980, Vogel 2000), notably when parameters n and m are dependent (Dourado et
al., 2011).



We proposed to modify the article like this : The non-linear form of the VG80
hydraulic conductivity has a high reduction at pressures near saturation in
particular for n values close to 1, and has numerical convergence problems (Van
Genuchten 1980, Vogel 2000), notably when parameters n and m are dependent
(Dourado et al., 2011).

Data: Please add details about TDR sensors (e.g., type, accuracy, calibration
type) and tipping bucket resolution

On the GISFI site, TDR probes are RIME-PICO32 sensors with internal
TDR-electronics. They are set horizontally and record the water content in cm3
cm− 3 ( ± 0.01) on an hourly basis. The calibration was performed on two
measurements, one in dry and one in water-saturated condition. In the OPE site,
soil moisture sensors used (UMP-1Umwelt Geräte Technik GmbH) are based on
frequency domain reflectometry (FDR) method and measure local change in
dielectric permittivity.

Tipping bucket resolution is 0.1mm.h-1 on the two sites.

L124-125 Is the heat transport included in the numerical simulation of lysimeters?
If yes, key equations should be provided. Otherwise, it should be removed from
the text.

Yes, as stated, the heat transport is solved. Most Land Surface Models use
multilayer soil diffusion schemes, which solves mass and heat diffusive
equations. We chose not to provide the equations, since only a global statics is
provided on the ability of ISBA, to solve soil temperature line 229.
We propose to add heat transport and temperature equations in the appendix.
The surface soil temperature evolves to the surface heat flux rate G (W m²) for N
soil layers by the use of the classical one‐dimensional Fourier law (Boone et al.,
2000, Decharme et al., 2013).
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where (m) is the thickness of the layer i, (m) is the thickness between∆𝑧𝑖 ∆𝑧1
two consecutive layer nodes, (J m−3 K−1) is the total soil heat capacity, and𝐶
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(W m−1 K−1) is the inverse‐weighted arithmetic mean of the soil thermalλ𝑖
conductivity at the interface between two consecutive nodes.



L130-140 This part should be moved after the Richards equation, and should
describe how it is connected to the sink term S(z). Key equations should
provided. Citing refs is good, but the manuscript should stand by itself.

Thank you for your  judicious suggestion, we will move this part.

The sink term S(z) is the evapotranspiration from vegetation and evaporation
from the bare soil.

L147-148 what is the discretization of the soil profile? What are the boundary
conditions used?

Infiltration in ISBA is computed at a 5-minute time steps as the precipitation that
drops through the canopy and reaches the first layer of soil. The Green-Ampt
approach is used to determine the maximum amount of water that infiltrates the
soil.

For the boundary conditions, please refers to the answer to your question #1
above

Figure1. Very confusing. It is difficult to appreciate differences. What are the
dashed lines? Figure+Caption should be self-explanatory

We are sorry that the figure seems confusing and we will improve the caption.
The figure has two main goals: i) to illustrate the variability of the soil properties
between two soil columns and within the soil profile and ii) to illustrate the
difference between BC66 and VG80.

We agree that the 1st point is easier to see than the 2nd one, and this is why the
dashed lines were added. The dashed lines are the derived values of the water
content at saturation and matric potential at saturation for BC66 which is also the
alpha parameter for VG80. Therefore, the vertical lines help to show the
differences between the expressions of BC66 and VG80, as the value of the
matrix pressure cannot have lower values for BC66 (in absolute value), while it
can with VG80.

This will be added in the caption, and added line 180.

L176 There is not a single error metric to support the conclusion that one
formulation is better than the other. It is really puzzling to see that.

Thank you for raising this point. Indeed, it appears quite clearly from such a
graph that the VG80 expression of matrix potential is closer to the observation



close to the saturation than BC66, and the article mainly focussed on how this
impacts the simulation of the soil water content and soil water drainage, with
numerous statistics on these comparisons.
But of course, we can add the statistics on the soil parameters calibration. .
Please, refers to the answer to your question #2 above that provides the full
statistics.

L192 VG80 not stable for n<1.3?! Never experienced something like this. Indeed,
I agree with the Authors that n>1.1 is a good constraint.

Thank you for sharing your agreement. The relation m=1-1/n; applicated in this
study for the VG80 relations, is not recommended for n <1.25 and n > 6 (Van
Genuchten 1985). The non-linear form of the VG80 hydraulic conductivity has a
high reduction at pressures near saturation in particular for n values close to 1,
and has numerical convergence problems (Van Genuchten 1980, Vogel 2000).

L197 Having a highly negative tortuosity is not recommended. Actually Schaap suggests a
value of -1 (https://doi.org/10.2136/sssaj2000.643843x)

Thank you for raising this point. The NRMSE score on the comparison between
observed and simulated drainage of the sensitivity tests are presented in Table
R1.3. Best results were obtained for a tortuosity fixed at 0.5 for OPE lysimeters
(O1-O2 and O4); and -5 for GISFI lysimeters (G1-G2-G3-G4).

Table R1.3 : Normalized Root Mean Square Error (NRMSE) scores from simulations with
VG80 for each lysimeters, with variation of the parameter l.
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