Final response

Referee comment on "HydroModPy: A Python toolbox for deploying catchment-scale shallow
groundwater models” by Alexandre Gauvain, et al.,, Hydrol. Earth Syst. Sci. Discuss.,
https://doi.org/10.5194/egusphere-2024-3962-RC2

Referee comments are shown in black. Our responses in blue italic.

General comment:
Dear reviewers, dear editor,

First, we would like to thank the reviewers for their constructive feedback, which will be very helpful in
improving the quality of our manuscript.

Regarding the reviewers' suggestion to consider GMD as a potential journal, we would like to clarify that our
manuscript does not present the development of a new model, but rather the implementation of a tool
designed to support the parameterization and deployment of hydrogeological models. We agree with the
reviewers that our work does not fully qualify as a Research Article. For this reason, we believe that our
contribution would be better suited as a HESS Technical Note. While our manuscript does not introduce a new
model, it addresses an important methodological challenge in hydrological sciences: the regional-scale
application of hydrogeological models through a flexible and scalable software architecture. This tool may be
particularly useful for the HESS community, including hydrologists, critical zone scientists, and other
researchers interested in the representation of subsurface processes. Beyond research applications, the tool
can also serve educational purposes. Given these considerations, we would appreciate the editor’s guidance
on whether continuing the review process as a HESS Technical Note would be appropriate, or whether the
editorial committee would still recommend transferring the manuscript to GMD.

After reading the comments, we feel that the main message we intend to convey in this manuscript has been
somewhat diluted among the numerous points raised by the reviewers, including the tool’s capabilities, future
developments, etc. Therefore, before addressing the reviewers’ comments, we would like to clarify our
intentions and the main message of this manuscript - that we plan to include/clarify in the new version of this
manuscript.

In this study, we aim to tackle the challenge of regional-scale deployment of hillslope/catchment
hydrogeological models. We have designed HydroModPy to address this challenge. The main objective of
HydroModPy is to provide a solution to automatically generate all the input files required for MODFLOW to
be run and calibrate models, then propose post-processing functions to extract and visualize the results. In
this paper, we develop the capabilities of this solution with an example focus on bedrock French region,
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Brittany (recognized as a basement aquifer region with shallow unconfined aquifers), and discuss the main
outcomes. To enhance the clarity of our manuscript based on the reviewers recommendations, we propose
the following actions:
- Revise the introduction to better introduce the role of catchment scale hydrogeological models, their
strengths, and the challenges associated with their deployment at the regional scale.
- Add a paragraph to motivate and clarify the ambitions of HydroModPy.
- Move Table 1 to the appendix section and focus the discussion on the method deployment.
- Remove technical information that is not directly related to the deployment presented in the results,
as well as discussions on future developments that may obscure the main message of the paper.

In the following, we provide answers to each of the comments raised by the reviewer.

RC2: ‘Comment on equsphere-2024-3962’, Benjamin Mary, 07 Feb 2025

General comment:

#HydroModPy: A Python toolbox for deploying catchment-scale shallow groundwater models

| appreciate the authors' motivation to develop HydroModPy and promote FAIR principles in hydrogeology.
Providing open tools is valuable, and I'm thankful to the authors for this initiative!

Answer:
We are thankful to the reviewer for highlighting the interest of the developed tool and our initiative. The
comments and suggestions raised by the reviewer were helpful to improve the manuscript.

However, the article is highly technical and feels more like a software report than a research paper, which
does not fully fit HESS. Moreover, the manuscript's roadmap is unclear due to many technical considerations,
making it hard to see the main contribution.

Answer:

We chose to submit this paper to HESS because it does not introduce a new model but rather a toolbox that
integrates existing ones to streamline the deployment of hydrogeological models. The primary objective of
this work is to present the implementation of a methodology and to demonstrate how HydroModPy facilitates
this process.

Moreover, HydroModPYy is specifically designed to meet the needs of the HESS community, providing an
open-source tool that supports hydrologists, critical zone scientists, and researchers working on groundwater
and surface water interactions. By making this tool available, we aim to contribute to the broader hydrological
community, offering a practical solution for model deployment and application.

For these reasons, we believe HESS (technical note instead of research article) is most appropriate journal
for this study rather than GMD.

Moreover, the manuscript's roadmap is unclear due to many technical considerations, making it hard to see
the main contribution.

2



The paper seems to present many ideas, but they appear somewhat scattered and not sufficiently organized.
For example, the mention of 3D geology (with GEMpy) in the abstract is great, but it feels like a separate
topic that deserves its article to fully explore its integration with HydroModPy. In my opinion, a single well-
explained concept would be more effective than many touched on briefly.

Answer:
We agree with this statement and will remove the technical points that are not related to the main message
of the paper.

Another critical point is that, from my perspective, while the manuscript emphasizes tool constraints, | believe
calibration challenges are more related to subsurface data limitations. Expanding on this aspect would
strengthen the paper.

Answer:

Thank you for your suggestion. We agree that calibration challenges in hydrogeological modeling often stem
from the limited availability and resolution of subsurface data. In our case study, we chose to implement a
calibration methodology based on surface observations, particularly because of these data limitations.
However, this approach is only one example of what HydroModPy allows.

The toolbox is designed to be flexible and supports the implementation of alternative calibration strategies,
including the use of streamflow data, groundwater level observations, or any other relevant metrics. We will
clarify this point in the revised manuscript and expand the discussion on how the optimization approach can
be adapted depending on the objectives and available data.

| strongly suggest rewriting the introduction to better explain the role of hydrogeological models, their
strengths, and current challenges.

Answer:
We will rewrite the introduction taking your comments into account. This point is detailed further below in our
response.

Unless the tone shifts from a technical report to a scientific study with clear innovation and impact, | do not
recommend it for HESS.

Answer:
In the revised version, we will clarify the scientific positioning of the manuscript by emphasizing its core
innovations and impact.

The main contribution of our work is the development of HydroModPy, a flexible software architecture that
enables scalable deployment of hydrogeological models and facilitates the integration of groundwater
processes into catchment-scale hydrological studies. This addresses a well-known limitation in hydrology,
where subsurface flows are often neglected.

HydroModPy also supports various calibration strategies and promotes good modeling practices, making it
useful for both research and teaching. These innovations will be better highlighted in the revised manuscript
to clearly demonstrate the relevance and impact of our work.



Specific comment:

After my first review, | have a few initial thoughts/minor comments to share, as | found some parts a bit
challenging:

##Highlights

- "Collection of data" — What do you mean by collection? This term typically refers to field data acquisition.
Would preprocessing be more appropriate here?

Answer:

We propose replacing “collection of data” by ‘retrieving and preprocessing data”. HydroModPy allows to
retrieve data from online databases and preprocess it for use in models: for example as input (recharge) or
data for calibration (piezometry)

- The third highlight is too long—consider shortening it if possible.

Answer:

We will replace the third highlight by: “HydroModPy is well-suited for both research and education to address
key water resource management challenges.”

## Abstract

- "Users can choose from predefined aquifer structures and hydraulic properties such as exponential decay
of hydraulic conductivity and porosity with depth or import complex 3D geological models." — Is this
statement accurate?

Answer:

Yes, this statement is correct. However, as previously mentioned, we will remove all technical information
that is not used in the deployment methodology. This information is included.

## Keywords

- Ensure consistency throughout the manuscript—use either watershed or catchment, but not both.

Answer:
We propose to use the term “catchment” throughout the manuscript.

## Introduction
- L51: For HESS, | would expect a broader and more general introduction, covering the context of use and

groundwater-related challenges. Currently, the manuscript jumps directly into model library descriptions,
which is more suited for a technical journal (agreed with Reviewer 1).



Answer:
We will add a paragraph to the introduction in a more general manner, taking your comments into account.

"Groundwater resources play a fundamental role in sustaining ecosystems, supporting agriculture, and
providing drinking water especially through its role of storage and delayed availability. However, managing
these resources effectively requires a robust understanding of subsurface hydrological processes, especially
in light of the challenges posed by climate change, land-use changes, and increasing anthropogenic
pressures. Hydrogeological models are essential tools for addressing these challenges, helping researchers
and decision-makers evaluate water availability, predict future conditions, and design sustainable
management strategies. Yet, despite their importance, setting up groundwater models at the catchment scale
remains a complex and time-consuming process, often requiring advanced technical skills and the integration
of multiple datasets and software tools."

- L63: "They can be classified into three categories: those that facilitate execution, those that provide
coupling, and those that automate deployment.” — This sentence needs rephrasing for clarity and better
English.

Answer:

We propose to replace this sentence by the following one: "These tools can be grouped into three main
categories: those that simplify model execution, those that enable coupling between different components,
and those that automate model deployment.”

- After L70: The authors mention automatizing the development of models, but it remains unclear what they
mean by this.

Answer:

By “automatizing the development of models”, we refer to the process of streamlining and standardizing the
creation, execution, and analysis of hydrogeological models through automated workflows. This involves
minimizing manual interventions, such as data preprocessing, model setup, parameterization, and result
extraction, by using standardized scripts and procedures. The goal is to enhance reproducibility, scalability,
and efficiency, particularly when applying models to multiple catchments or conducting sensitivity and
uncertainty analyses. We will add a paragraph to clarify this point.

We propose replacing “automatizing the development of models” with “facilitate the development of models”.

- L77: The statement "We propose various approaches for implementing hydraulic properties, ranging from
homogeneous to complex and heterogeneous fields (Orth et al., 2015)." appears abruptly and is confusing.
Consider providing context.

Answer:

This sentence refers that HydroModPy allows for different levels of complexity in defining hydraulic properties.
Depending on data availability and modeling objectives, users can implement hydraulic parameters as
homogeneous values or as spatially heterogeneous fields (laterally or vertically), incorporating geological and
hydrogeological variability.
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As we mentioned earlier, these features are not used in the deployment methodology. We propose to remove
this sentence in the revised version of the manuscript.

## Watershed Extraction and Model Domain Definition

- The authors dedicate an entire section to watershed extraction. However, there is nothing particularly
innovative here, especially since it relies on an external library (WhiteBoxTools). Either justify its importance
and innovation in more detail or replace it with something the authors developed, such as aquifer structures
and hydraulic properties.

Answer:

We agree with the reviewer that the watershed extraction itself is not particularly innovative, as it relies on
WhiteBoxTools. However, its integration into an automated Python workflow for catchment-scale modeling is
a key feature of HydroModPy. This step streamlines retrieving data, model setup and reducing manual effort
across multiple catchments. The real innovation lies in the ability to build a hydrogeological model by simply
specifying the coordinates of an outlet, which we will emphasize more clearly in the manuscript.

## Section 4.1

- L343: Thanks for the reference, this is an interesting quote!

- L369: What exactly is meant by a critical zone approach? define the concept first.

Answer:

A "critical zone approach" refers to a multidisciplinary approach aimed at studying and understanding the
natural processes occurring in the critical zone. Subsurface processes are often under-represented, even
though they are essential for a comprehensive critical zone approach. However, our study focuses on the
hydrogeological aspects and does not encompass a full critical zone approach with interdisciplinary coupling.
We will modify the manuscript to clarify this concept and emphasize the importance of considering subsurface
dynamics. For example, we will rely on references such as this one: (Singha and Navarre-Sitchler, 2022)

## Section 4.2

- This section is clearly out of scope for HESS—see Reviewer 1's comment regarding JOSS or JOSE
journals.

Answer:

We agree with the reviewer that this section may not fully align with the scope of HESS as a research article.
However, we believe that it would be more appropriately placed in a HESS Technical Note, similar to the
following article: (Seibert and Vis, 2012). We will adjust the manuscript based on the editor's decision
regarding the most suitable journal type.

- L409: pyHELP has not been updated since 2012. Why do the authors emphasize its integration?



Answer:

Referring to the Git repository of the tool, the latest stable update of pyHELP was on June 20, 2022.
(https://github.com/cgg-agc/pyhelp/tree/master). From our perspective, this is a tool that could be very useful
to integrate into HydroModPy.

We would like to emphasize that one of the key perspectives of HydroModPy is its potential for integration
with a variety of surface models with varying levels of fidelity. The framework is designed to allow coupling
with different models, enabling the combination of models to address complex recharge estimation and
surface processes. This flexibility is central to HydroModPy's objective of providing adaptable, modular
modeling solutions for different applications.

Additionally, pyHELP offers an interesting alternative to the UZF module of MODFLOW, as it allows recharge
estimation independently of MODFLOW, providing more modularity in model selection and application.

## Overview and Conclusions

- L432: "The Python HydroModPy toolbox allows users to build and calibrate hydrogeological models at the
catchment scale. It has been developed to facilitate the deployment of catchment models over large areas."
— These two sentences are redundant; consider rewording.

Answer:
We propose to remove the second sentence.

- L438: What is meant by localized? Are the authors referring to a single catchment versus multiple
catchments?

Answer:
Yes, you are right. We aim to show that HydroModPy can be used both to create a highly detailed model for
a single catchment and to carry out deployment across multiple catchments.

- L441-450: Itemizing examples in the conclusion is not appropriate. Please consider relocating them
elsewhere in the manuscript.

Answer:
We propose removing the list of examples. This is part of the technical points that we wish to remove from
the manuscript, in order to make it more clear and focused on the main message.

- L450: The statement "We believe that HydroModPYy is relevant to investigate hydrological dynamics under
varying forcing at different scales, such as changing climatic conditions or land use." is vague. Instead of
stating a belief, provide concrete evidence demonstrating its relevance.

Answer:
This statement is part of the conclusion, outlining future research directions rather than presenting completed
work. Providing concrete evidence for ongoing or future investigations is inherently challenging.


https://github.com/cgq-qgc/pyhelp/tree/master

However, we can support this perspective by referring to studies such as those by Fan et al., 2019, which
emphasize the need to represent hillslope-scale processes at large scales—an approach that remains
relatively underexplored. HydroModPy addresses this gap by offering a framework capable of handling
physics-based 3D models at the catchment scale, something that few tools currently provide.

Moreover, its ease of deployment, especially compared to GUI-based solutions, makes it a valuable option
for testing a wide range of scenarios efficiently. Given these advantages, we believe HydroModPy is
particularly relevant for investigating hydrological dynamics under varying climatic conditions. To keep the
scope focused, we will remove the mention of land use change for now.

## Data Availability

- | suggest removing the following section, as it is unnecessary:"The installation of HydroModPy, as
outlined in the documentation, involves checking system requirements, installing Git if necessary, cloning
the repository, switching to the stable branch, navigating to the installation folder, and executing the
appropriate script for setting up the environment on either Linux or Windows."

Answer:
Thank you for your feedback. We agree and will remove this part of the revised version of the manuscript.
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