The manuscript discusses the role of expert knowledge in hydrological modelling,
contrasts several perspectives described as "modeller" and "experimentalist”, and
provides a simple case study illustrating the discussion.

| generally enjoyed reading the manuscript, it is written in an easy-to-follow style, and
does not oversell its results. The case study is presented in a fairly succinct way.
Overall | believe the authors arguments are valid and of interest to the community,
even if they are not necessarily new. However there are several important instances
with questionable gaps in the logic and some critical parts of the method description
seem to be missing.

Reply: We would like to thank the anonymous reviewer for his comments and suggestions.
We acknowledge that some of our arguments might not be seen as new and may already
have been enunciated by other authors. However, we found exclusively review papers (e.g.
Clark et al., 2017) or opinion papers (e.g. Hrachowitz and Clark, 2017) on the topic. Our
contribution is therefore intended to be one of the first hands-on exercise on the coupling of
bottom-up and top-down thinking, with a specific regard to DRP-based modelling
approaches. In the following, we replied to each point raised by the reviewer and indicated
how we will implement the suggestions in the revised manuscript.

An immediate question | had when reading the manuscript is that the term "expert
knowledge" does not appear to be defined / explained. Should it be contrasted to
some other kind of "general" knowledge (or "alternative" knowledge?). As aresult itis
unclear what type of information/data do the authors consider to be "expert
knowledge", and which they do not, and the discussion that follows then becomes a
bit too vague. For example, is the classification into top-down vs bottom-up
considered expert knowledge? | would have argued this would nowdays represent
"general" knowledge rather than "expert" knowledge, and so forth.

Reply: With the term “expert knowledge” we refer to someone’s acquaintance with
hydrological sciences as a result of study and experience. In this context, the term “expert”
should be understood as “relating to a person who has knowledge in a particular field”
(WordReference Random House Learner's Dictionary of American English © 2017) and it
should not be contrasted to other kinds of knowledge. The expression “expert knowledge”
was already used by several authors: Gharari et al. (2014), Hrachowitz et al. (2014), and
Safavi et al. (2015) used it in the title, whereas e.g. Antonetti et al. (2016), Bahremand
(2016), Hellebrand et al. (2011), Himann and Muller (2013), Nijzink et al. (2016), Peschke et
al. (1999), Sivakumar (2004) and Smith et al. (2013) refer to it in their manuscript. In the
revised manuscript, we will therefore keep the expression as it is for consistency.

As acquaintance is uncountable by definition, information to be considered as “expert
knowledge” cannot be listed. Of course, the expert knowledge of a hydrologist with 30 years
of experience cannot be compared with that of a PhD student. In the same way, expert
knowledge of a modeller will differ from that of an experimentalist. What we tried to do in this
study is to compare different ways of implementing expert knowledge in hydrological
conceptual models, following either a top-down or a bottom-up thinking. In the revised
manuscript we will therefore add a definition of ,expert knowledge* at the beginning of the
introductory section and will distinguish in a clearer way between (i) expert knowledge per se
and (ii) (top-down or bottom-up) strategies for the use of expert knowledge in conceptual
models.



The case study description should also more clearly categorise and describe the
types of "expert knowledge" used. Some of the expert knowledge seems to be just a
particular data set (which is in principle accessible to "non-expert" modellers also).
Perhaps | missed something here, in which case a clarification in the manuscript is
still needed to prevent such confusion for other readers.

Reply: As mentioned in the previous reply, we would not refer to types of expert knowledge
but rather to ways of using it during the three steps of the process-based modelling step (i.e.
process mapping, process parameterisation, and parameter allocation). With regard to
process mapping, the mapping approach of Schmocker-Fackel et al. (2007) and Margreth et
al. (2010) is the one involving the largest amount of expert knowledge, which is used for
manually mapping the small test areas (pg. 5, line 13) and setting-up the mapping algorithm.
In contrast, the two other mapping approaches used for the study - Gharari et al.'s (2011)
approach based on topographical information only, and Mller et al.'s (2009) approach based
on DTM, geological and land use maps - barely rely on expert knowledge, which was used
by the corresponding authors exclusively for verifying the classification criteria. One of the
research questions addressed in the manuscript is therefore whether the use of more expert
knowledge during the mapping phase improves hydrological simulations given unavoidable
uncertainties in the forcing data (pg. 4, line 8).

We will try to clarify this in the revised manuscript as requested by the reviewer.

The manuscript makes an overly general statement is when suggesting "modellers, or
dry’ hydrologists" tend to develop theories at the catchment scale. Surely this would
not apply to hydrologists that use "physically-based" models, which are classic
bottom-up approaches. And the contrast to "experimentalists, or 'wet’ hydrologists" is
itself questionable - surely some of them work at the small scale and others
extrapolate to the larger scale. Some additional supporting references here are
needed. Or maybe clarify that "modellers” here mean "conceptual” modellers (?)

Reply: To our knowledge, the two appellations modellers and experimentalists were
introduced by Seibert and McDonnell (2002) in their study on the use of soft data during
model building and calibration. At the end of the paragraph in question we therefore cited
their work. Some modellers will certainly develop physically-based models, as well as some
experimentalists will focus on the regionalisation of small scale outcomes. In the revised
manuscript we will soften the statement in question and add supporting references.

The ANOVA analysis used to estimate dominant source of uncertainty is a worthwhile
undertaking, but the description here lacks essential detail. For example, how are the
individual terms in equation 6 calculated? Clearly some assumptions need to be made
here, eg, about the errors in the rainfall inputs (eg, Renard et al WRR2011), about the
errors in the maps, and so on - how are the assumptions made and how are they
checked in this study? Otherwise the conclusions of this analysis would not really be
justified.

Reply: With the analysis of variance (ANOVA) it is possible to quantify the relative impact of
source of uncertainty, named factors, on a given response variable, in our case the Kling-
Gupta-Efficiency, based on the assumption that the output variance can describe the
uncertainty of an environmental system (von Storch and Zwiers, 1999). In addition, the



approach assumes independence between the different levels (e.g., between the different
process maps). This assumption is not fulfilled, as e.g. three datasets use the same forcing
(i.e. Combiprecip), and the two model setups are based on the same runoff generation
module (i.e. RGM-PRO).

The method is clearly less complex than the Bayesian total error analysis (BATEA) method
suggested by the reviewer, and others, but has advantages in terms of robustness (Tang et
al., 2007), and is easy to implement thanks to the R package stats (version 3.2.2; R Core
Team) where a function for the ANOVA is built in.

For the calculation of the individual terms in equation 6 we refer to equations from 18 to 22 of
Bosshard et al. (2013). However, we believe that a longer description of the method would
distract the reader from the objective of the study. It should be also noticed that the length
and the amount of information contained in the paragraph where ANOVA is described, is
comparable to that of other studies relying on ANOVA for quantifying uncertainty sources
(e.g. Addor et al., 2014; Finger et al., 2012; Koplin et al., 2013; Rdssler et al., 2012).

In the revised manuscript we will therefore add:

o Areference to a comprehensive description of the ANOVA method, e.g. von Storch
and Zwiers (1999)

¢ A sentence about the assumption of independency between different levels of a given
factor.

¢ A sentence on how to calculate each individual term of equation (6) and refer to
Bosshard et al. (2013) for further details.

Pages 12 and 16: "Model realism" ... Of course every scientist and engineer would
want their model to be "realistic", and there have been many opinion papers on this in
hydrology advocating improving the "realism", whatever that means beyond ultimately
matching some performance criteria. In this manuscript this issue is raised on Page
12, but then after a fairly basic modelling attempt produced results deemed
"unrealistic" (page 13, lines 10-20), any improvement was deemed "beyond the
scope”. So | am not sure the manuscript and its case study in their current form can
convincingly call on other modellers to achieve such "realism".

Reply: Here we disagree with the reviewers’ definition of the expression “improving the
realism”. In our view, it is not exclusively a question of matching performance criteria, but
more an attempt of letting the model behave according to the hydrologist perception of how it
should behave. The crucial point here is the perception of which hydrologist should we refer
to. For instance, Gharari et al. (2014b) claimed that “using expert knowledge to increase
realism in environmental system models can dramatically reduce the need for calibration”. In
a parallel study, they define expert knowledge as “the modeler’s perception of catchment
behaviour and characteristics” (Gharari et al., 2014a). According to the two hydrologists
types described in this study, the reviewer will agree that the experimentalist’s perception
would be more detailed than the modeller’s one.

As we exclusively compared existing methods for process mapping, process
parameterisation and parameter allocation, any improvement of one of those method was
actually “beyond the scope” of the study. However, we disagree with the reviewer’s
reconstruction of our reasoning in section 4.1, as, for instance, the expression “beyond the



scope”(pg. 13 line 20) belongs to the next section of the manuscript (4.2), which is not about
model realism. The line of reasoning of section 4.1. is therefore following:

1. A modeller might conclude that using one of the two top-down mapping approaches
(MUO9 and GH11) used here may be the best choice in terms of cost-benefit, as the
results obtained with them were, on average, only slightly lower than those obtained
with the process maps with higher involvement of expert knowledge (SF07).

2. This conclusion is however not acceptable from an experimentalist point of view. The
results may seem acceptable at the gauging stations, but the local representation of
the DRP mapped would most likely differ from that expected by an experimentalist, as
shown by Antonetti et al. (2016).

3. Therefore, we advocate that the hydrological community should aspire to develop
models able to reproduce processes in a “realistic’ way (i.e. in agreement with the
experimentalists’ expectation) at least at the sub-catchment or, even better, at the
hillslope scale. At these scales, the added value of the process maps with higher
involvement of expert knowledge should get highlighted.

4. As runoff measurements at this scales were not available on the investigated
catchments, this issue remains a speculation, and will be verified during future
research.

In the revised manuscript we will make clearer the call for the use of experimentalist’s rather
than modeller’s perception for verification purposes. In addition, we will clearly state that our
considerations about the scales, at which model realism should be achieved, will be verified
during future research.

Other

1. Page 2 Line 5: What does the "It" refer to? "Expert knowledge"? Or "linking
observations and laws"? The latter would make far more sense, but is not apparent
from the way the sentence is written.

Reply: “It” is referred to “linking observations and laws”. In the revised manuscript we will
rephrase this sentence.

2. Page 2 Line 24 "Wet and dry" - this usage here is confusing and unnecessary.
Taken literally "dry hydrologists" might be mistaken for hydrologists working in dry
(arid/semiarid) catchments. | think it is fun to refer to experimentalists and modellers
as wet and dry, but I think once the point is made to continue using these terms is not
necessary and can lead to confusion.

Reply: Agreed. In the revised manuscript we will change “wet and dry” with their
corresponding appellations “experimentalists and modellers”.

3. Page 3line 19 "too simplistic” - | think this requires some statement of the purpose -
too simplistic to achieve what?

Reply: Agreed. In the revised manuscript we will modify the sentence as follows: “Top-down
models and parameterisations may be too simplistic to depict the spatial variability of runoff
processes within a given catchment and, therefore, require calibration [...]”



4. Pages 3-4: Fenicia et al WRR2016 is an example where bottom-up ("distributed” and
scaled up) and "top-down" (conceptual) approaches (as per definitions given earlier)
are combined, applied and several hypotheses about process representations and
hydrological controls were tested.

Reply: We want to thank the anonymous reviewer for the suggested reference, which will be
integrated in the revised manuscript.

5. Page 5 line 25: This text correctly refers to the distinction between top-down and
bottom-up approaches not being sharp - this aspect was overlooked in the earlier
pages when discussing these two approaches, which lead to some too-strong
statements being made.

Reply: Agreed. In the revised manuscript we will bring this aspect forward in the introduction.

6. Page 6 Line 25: "parameter allocation” sounds a bit awkward? Wouldn’t
"estimation" be a better choice here, covering all options (though measurement,
calibration, etc)?

Reply: This issue was already raised by a reviewer in a previous publication (Antonetti et al.,
2017), and the use of the expression “parameter allocation” was suggested by the other
reviewer. We would therefore like to keep the expression “parameter allocation” throughout
the manuscript, for consistency with Antonetti et al. (2017). In his recent opinion paper,
Bahremand (2016) defined “parameter allocation” as “a logic-based specification”, which
completely fits in the context of the present study.

7. Page 6 line 31: give areference for this "so-called hydrological approach”, and
explain how it is used in this work.

Reply: In the revised manuscript we will add the reference Dyck and Peschke (1995) but the
explanation of how the hydrological approach is used in this work is already given in pg 7 line
5-9; there, we will explicitly refer to the hydrological approach.

8. Page 7 line 22: "storage parameter" might read better here than "storage constant"?

Page: The reviewer might be right maintaining that “parameter” would be better than
“constant” as a worth choice. However, if the reviewer agrees, we would like to keep the
expression “storage constant” for consistency with Antonetti et al. (2016, 2017).

9. Eqn 1: numbering each of these 2 equations individually would be helpful.

Reply: Agreed.

10. Page 8 line 20: what is a "modelling chain combination”? please briefly
define/explain what this means.

Reply: The term in question is borrowed from the HEPEX (Hydrologic Ensemble Prediction
EXperiment) community (https://hepex.irstea.fr/), where it is usually used to indicate a
cascade of modelling elements, such as forcing data, hydrological models, pre- or post-



processing methods etc. (see for instance Bosshard et al., 2013). In this work, a single
modelling chain consists of a given dataset of forcing data, a DRP map, and a model setup.

In the revised manuscript we will add a brief explanation.
11. Page 9 egn 5 - clarify that "KGE applied to runoff time series” or similar, for clarity

Reply: Agreed. In the revised manuscript we will modify the sentence as follows: “Runoff
simulations were evaluated with the Kling Gupta Efficiency (KGE; Gupta et al., 2009).

12. Page 9 line 18-23: Please define these P-factors and R-factors by equations, at
least to the same standard as the KGE in eqgn 1. Then all metrics become properly
documented and easily reproducible without guessing how exactly they are
calculated.

Reply: Agreed. In the revised manuscript we will report equations for P- and R-factors.

13. Section 4.5 It is good that the study is noting its limitations. | would also suggest
the overall calibration approach used here is quite simplistic - it is quite possible a
more detailed application would’ve produced quite different results. Worth also noting
the use of a single case study makes it impossible to know if similar conclusions
would hold elsewhere. This does not invalidate the results, just should be noted as
one of the limitations.

Reply: Here we are not really sure which calibration criteria the reviewer is referring to, as
both top-down and bottom-up model setups were applied uncalibrated on the study
catchments.

The fact that a single case study makes it impossible to know if similar conclusions would
hold elsewhere was already pointed out in pg. 16 lines 4-5: “Finally, to generalise the findings
of this study, the number of catchments and events investigated should be increased
considerably.”

14. Section 5 Conclusions - to make sense of this, need to list the actual "expert
knowledge" used here. This relates to a major concerned raised earlier that this
concept is not sufficiently clearly delineated here.

Reply: In the revised manuscript we will address this topic according to the reply to the major
concern.

15. Fig 1 - I found this figure rather confusing - somehow physically based models
became closer to experimentalists approaches than conceptual models? | would not
have said that, these kinds of models are certainly not developed by "field" "wet"
hydrologists ... | think they do not fit within this "planar" dichotomous figure, they
almost form another dimension of their own.

Reply: Agreed. We will re-design Fig 1 in the revised manuscript.



16. Fig 4 - worth providing references to several earlier studies where such
"distributed model structures" were used.

Reply: Agreed.

17. Fig 6 - what are the benchmark options for the process maps, parameterizations,
and parameter values?

Reply: There is no benchmark for process maps and model setup, as they are all depicted in
Fig. 8 and Fig. 10. The reason why that forcing data was used as benchmark is reported on
pg.9 line 11-12.

18. Figure 7 - not sure | am seeing in the figure how you arrived at the last sentence in
the caption.

In the revised manuscript we will modify the last sentence of the caption as follows: “The
SFO7 map reproduced best the peak runoff with the bottom-up setup, whereas the GH11
map outperformed the other maps with the top-down setup”.
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