Response to comments of Anonymous Referee #1

On behalf of all co-authors, | sincerely thank the Anonymous Referee #1 for the thoughtful and detailed
assessment of our work.

R1: This manuscript is a novel contribution to studying diffusive processes in soil. A Lagrangian model
is developed to account for heterogeneity in diffusive mixing in soil caused by pore structure. The pore
size distribution is accounted for through varying diffusion coefficients. The model has first been tested
by comparing it to the recent experiments on effectively non-Fickian diffusive mixing and shown to
agree well in terms of time and concentration. Further, simulations were designed to combine diffusion
and leaching in a saturated soil column and demonstrate the non-Fickian transport behaviour in this
system. While the impact of physical or pore structure heterogeneity has commonly been shown to
result in non-Fickian transport, this manuscript systematically increases the level of complexity in terms
of diffusive processes studied and shows an interesting workflow to characterize and quantify the non-
linear transport behaviour. | can therefore recommend it for publication after the following minor
suggestions were considered and addressed.

AS: Thank you very much for your positive assessment of our work. We really appreciate that you see
our approach as a novelty and a step forward towards a more complex and realistic description of
subscale diffusion processes in hydrological models.

Main comments

R1: Pore space and water retention curve are subdivided using N=200. Did you investigate sensitivity
to this number of bins?

AS: In this study, we do not specifically investigate the sensitivity of N. However, Zehe and Jackisch
(2016) already used a similar Lagrangian approach to simulate soil water dynamics, on which the
presented DIPMI approach is based. They did an analysis of the sensitivity of N and found that N > 50
is favourable to produce good simulation results compared to a Richards solver. Further, Talbot and
Ogden (2008) used a comparable method to discretize the soil moisture domain into bins and they
found that N = 200 is a sufficient number that can be applied for most soil types. We will add this
information to our revised manuscript.

R1: In relation to the previous question how is the bin size related to pore or throat radius that could
have been actually measured in this type of soil?

AS: The soil water retention curve corresponds, due to the Young-Laplace equation (Eg. 1 in
manuscript), to the cumulative probability density distribution of pore sizes. Particles in a bin represent
the contribution of the water storage in a small range of pores size classes to the overall water storage
in the entire pore space. Each pore size class is defined by a specific relation between matric potential
and water content, which can be derived from the soil water retention curve, e.g., of the sandy loam
measured by Bowers et al. (2020). With this measured matric potential — water content relationship,
it is then possible to make a connection to corresponding pore radii of each pore size class by using
the Young-Laplace equation. From the given soil water retention curve in the study of Bowers et al.
(2020), you can infer pore diameters corresponding to the respective matric potential ranges of the
sandy loam. We will include a comment on this in the revised manuscript.



R1: Can you comment on the expected impact of dimensionality and anisotropy?

AS: Thank you for this interesting point. In the recent version, our model approach is limited to one
dimension and anisotropy is not considered. Until now, we have been applying our model on rather
small spatial scales up to a few m?, but we think that dimensionality and anisotropy especially have an
impact on larger, more heterogeneous scales. However, increasing the dimensionality, e.g., with a
second flow dimension in the horizontal x direction, is generally possible to implement into our
approach. Jackisch and Zehe (2018) implemented this successfully with a similar particle-based
Lagrangian approach, but due to the higher model complexity with a necessarily higher number of
particles, simulation times increased excessively. Thus, we suggest it is necessary to first develop
suitable assumptions and simplifications to extend our model approach to higher dimensions in a
meaningful manner.

The same is true for anisotropy. Currently, we assume homogeneous, isotropic soil properties over a
flow domain in our simulations. Our model, however, gives in general the opportunity to specify freely
the properties in each vertical soil layer and even in each bin/pore size class within a soil layer. In this
way, it would be able to integrate anisotropic conditions by, e.g., depth-dependent soil properties with
different pore size distributions in each layer and thus, also various hydraulic and diffusive
characteristics for flow in different directions of the flow domain.

R1: | would leave this to the authors to decide but to me the term “virtual experiment” is quite
confusing. Why not simply say that you run your simulations to explore the model predictive capability
in a more complex setting after you have demonstrated a good agreement with the experiment.

AS: Thank you and sorry for the confusion. You summed up correctly the purpose of the “virtual
experiments”. With this term, we want (i) to give these simulations a specific name to which we can
refer throughout the manuscript, and (ii) to make clear that these simulations are not based on real-
existing experiments. | think we will maintain the term “virtual experiment” or at least a similar term,
but we will additionally explain it in 1-2 sentences to clarify its meaning.

Minor comments

4

R1: Line 22 instead of “... comparing...” it should read as “...compared...”

AS: Thanks. We will check this sentence accordingly.

Thank you very much,

Alexander Sternagel on behalf of all authors
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