
We would like to thank the editor Elena Toth and the two referees Guillaume Thirel and Andreas Efstratiadis for their con-
structive suggestions and comments. Below we provide the Editor’s and Referee’s comments verbatim in black italic text and
our responses below each comment in blue text.

1 Response to editor decision5

Dear Authors,
as I wrote already, this revised work is indeed a significant step forward, and it is almost ready for publication.
Thank you for your careful reading.

Nonetheless the referees have some constructive suggestions for improving it even more: in addition to make some techni-10
cal minor changes suggested by both referees, Dr. Andreas Efstratiadis asks to provide a wider review of the state-of-the-art
and to add a short conclusive section, and I am sure you may add such parts.
Thank you for this suggestions, we added these two parts as you can see in our response to Dr Andreas Efstratiadis.

Andreas also believes that adding an analysis on a different benchmark would help the readers to better assess the value15
of your algorithm: I would invite to consider if it is possible for you to provide such different benchmark, unless it takes too
much time.
In the current working conditions due to the covid crisis, it is not possible for us to run new computations. This benchmark is
indeed a very interesting suggestion for further work.

20
I do invite you, therefore, to submit a last revision trying to address such comments, in order to make your work even more
appreciated by the HESS readers.
Thank you, here is the response to the reviewers suggestions for this revised version.

25

2 Response to suggestions for revision from Referee Andreas Efstratiadis

General comments and critique
This version is the revision of the technical note that has been submitted to HESSD, under the title “The caRamel R package
for Automatic Calibration by Evolutionary Multi Objective Algorithm”. The content and philosophy of the revised article is
very different, since the authors have made a large effort to provide a research paper rather than a short technical note. I am30
also very pleased for the detailed response letter, and the fact that many of my recommendations have been addressed.
Thank you for all these constructive recommendations.

I found this work much more comprehensive. The new algorithm is quite well presented, although I would expect a more
careful review of the current advances in the field of multiobjective optimization and its applications in hydrological mod-35
elling, in order to justify the importance of this new methodology. In this context, I encourage the authors to address this
important issue, which stands for any new research.
We added this paragraph: "In hydrology, Madsen (2003) have implemented automatic multi-objective calibration of MIKE
SHE model (Refsgaard et Storm , 1995) on the Danish Karup catchment (440 km2) with the SCE algorithm (Duan et al.
, 1992). Yang et al. (2014) run a multi-objective optimization of the distributed hydrologic model MOBIDIC (Campo et al.,40
2006) on the Davidson catchment (North Carolina, 105 km2) with the Non-dominated Sorting Genetic Algorithm II (NSGA-II,
Deb et al., 2002). More recently Smith et al. (2019) lead a multi-objective ensemble approach to hydrological modelling in the
UK over 303 catchments for historic drought reconstruction with GR4J conceptual model (Coron et al., 2017) by using Latin
hypercube sampling (McKay et al. , 1979) and Pareto-optimising ranking approach accounting for non-acceptable trade-offs
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(Efstratiadis and Koutsoyiannis, 2010). Mostafaie et al. (2018) have compared five different calibration techniques on GR4J45
lumped hydrological model using in situ runoff and daily data from the Gravity Recovery And Climate Experiment (GRACE,
Tapley et al. , 2004). They conclude that according to the diversity based metrics NSGA-II method is the best one, according
to the accuracy metric Multi-objective Particle Swarm Optimization (MPSO,Reddy and Nagesh Kumar , 2007) is ranked first
and finally, the performance of all algorithms is found the same, while considering the cardinality measure."

50
Another suggestion involves the presentation of results. I found them quite poor. To my opinion, the benchmark problem can
be further developed, e.g. by running the three methods with much lower budget (instead of allowing 50 000 evaluations) and
also changing the population size. You may take some ideas from the work by Tsoukalas et al. (2016), as well as many other
similar works in the optimization literature. This will better reveal the pros and cons of the CaRamel method, and ensure a
clearer comparison with respect to MEAS and NSGA-II.55
We added more comments to improve our presentation of results. The benchmark strategy that you suggest is interesting. Un-
fortunatelywe can’t conduct it, specifically in the current context where we don’t have access to our computational resources.
Thus we suggest to mention it as a perspective in our optimization evaluation framework.
"We chose to run an important number of model evaluations and optimizations to get representative results and assess the re-
producibility of the optimization. Others benchmark methodology would be conceivable, such as presented by Tsoukalas et al.60
(2016) where several test functions and two water resources applications are implemented to compare the Surrogate-Enhanced
Evolutionary Annealing Simplex algorithm (SEEAS) to four other mono-objective optimization algorithms. In this study, two
alternative computational budget (indicated by the maximal number of model evaluations) are considered which impacts the
paramaters of the optimizers."

65
Finally, I do think that a short section conclusive is missing, with guidance for optimal setting of algorithmic inputs.
We added:" An optimization algorithm might be delicate to use because of the choice of input arguments which are specific
to the algorithm and might require some "expert knowledge". The sensitivity to caRamel internal parameters has not been
presented in this manuscript, but we have done some sensitivity analysis with the Morris method (Morris, 1991) to recommend
some default values for the user. First it is recommended to give the same weight to each generation rule by indicating the70
same number of parameter sets to generate. It is interesting to generate a small number of sets by generation to reduce the
number of model evaluations and have a more rapid convergence. By default, five sets are generated for each rule. The size of
the initial population should be large enough to have enough variability (at least 50 sets for a complex model). Moreover, as
convergence can be sensitive to the randomly chosen initial population, it is recommended to run two or three optimizations to
assess reproducibility. "75

There are also few additional comment and editorial correction, which are listed below. In this respect, my overall recom-
mendation is for a moderate revision.

Specific comments80
Page 2, lines 32-33: “Most of multi-objective algorithms rely mainly on stochastic generation rules, with few deterministic
aspects”. This argument requires some development, since it denotes the motivation of your research. If possible, also add
references.
We corrected: "Madsen (2003) indicates that the global population-evolution-based algorithms are more effective than multi-
start local search procedures, which in turn perform better than pure local search methods. However most of multi-objective85
algorithms rely mainly on stochastic generation rules, with few deterministic aspects, as it is the case in the widely used NSGA-
II for instance."

Page 6, line 123: Please explain the meaning of “secondary optimum”.
We corrected as "local optimum".90

Page 6, section 3.1.3: Please, explain the criteria for selecting the so-called “a priori variance” of each parameter.
We added: "The a priori variance is computed for each parameter from the bounds of variation indicated as input of the opti-
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mizer."
95

Minor editorial comments
Page 1, line 24: Please, change to read “have been” instead of “have become”. ok

Page 2, line 25: Please, change to read “. . . problems that are too complex. . . ” ok
100

Page 2, line 26: “The advantage of these evolutionary algorithms lies not only. . . .” This sentence is unclear.
We rephrased it as: "The advantage of these evolutionary algorithms lies not only because there are few alternatives for search-
ing substantially large spaces for multiple Pareto-optimal solutions but also due their inherent parallelism and capability to
exploit similarities of solutions by recombination, that enables them to approximate the Pareto-optimal front in a single opti-
mization run."105

Page 2, line 31: Please, change to read “to meet the need for an automatic calibration”. ok

Page 6, line 126: “. . . to make the variance of parameters independent from each other”. This statement is unclear. Vari-
ance and independence are two different notions.110
We reprased it as: "to make the parameters varying independently from each other."

Page 6, line 139: It may be preferable using MT for transpose matrix. Most readers are familiar with this symbol. ok, we
used it.

115
Page 9, line 195: Please, open parenthesis. ok

3 Response to suggestions for revision from Referee Guillaume Thirel

This is my second review of this manuscript.120
I read with attention the new version of the manuscript and the answers to the reviewers and editor comments. The authors
made a very serious job in taking into account all the comments.
First, the format of the manuscript complies now much more with the format of the HESS article. This is not anymore the de-
scription of a package, but the description and analysis of a calibration method, using an R package. As such, I feel it belongs
now clearly to the research article category of HESS. The title was modified accordingly. The description of the algorithm was125
extended. Not sure whether it is too long, in any case I do not have suggestions for shortening. A new algorithm was used for
comparison and this comparison was extended. As a consequence, I would be in favor of publication.
Thank you for the helpful suggestions you made to us and for these nice comments.

130
I only have a couple of minor remarks:
Abstract: some suggestions: "add" -> "adding"; "find" -> "finding"; "low-constrained" -> "poorly-constrained" ok

Regarding the goals of the paper (lines 44-47): I would add the information that pieces of codes are provided in the ap-
pendix.135
We added this sentence in the introduction: "Pieces of codes are provided in the appendix."

I would also replace “for each case study” with something like “for an analytical example and for three river case stud-
ies”, as these case studies were not introduced yet at this point of the manuscript. ok, we replaced it.
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140
L. 101: proper definitions of “vertex” and “simplex” could be useful for newcomers to multi-objective optimization.
We added: "For the rules 1 and 2, we use the notion of simplex which is a generalization of the notion of a triangle to higher
dimensions: a 0-simplex is a point,a 1-simplex a line segment, a 2-simplex is triangle, a 3-simplex a tetrahedron. A vertex is a
point where two or more edges meet."
L. 239 (and following): the Blue River is a real catchment and data are real.145

We were referring to the documentation of airGR package: "L0123001, L0123002 or L0123003 are fictional catchments."
We corrected it in the paper.

L. 274-275: I would move the sentence “The theoretical. . . ” after “at Montdauphin)” in line 279 for better readability. ok,150
we moved it.

L. 289: “changeS” ok

In the document we have both “discharges” and “stream flow” terms. I would pick one and stick to it.155
We corrected all "stream flow" terms by "discharges".

Figure 10: the GR4J parameter values are provided in the transformed space. I suggest transforming them back to the real
space through the TransfoParam_GR4J function and I would also suggest adding the units of these parameters. As the trans-
formations are not linear, the boxplots should somehow be modified.160
Figure 10 displays now the parameters whith theirs units.

Caption figure 10: “Durance River” ok

L. 353: “parameter sets” ok165

Appendix C: several R assignations (“<-“) were wrongly modified to “«-“. "«-" is used to declare global variables.

Also, line 411, the square sign is erroneous. ok, we corrected it.
170

References: Mersmann et al.: please add the package version you used. ok, it is version 1.0-15.1
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