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We thank you very much for your comments and suggestions which will help us to
improve the manuscript. Some of those comments and suggestions rejoin some con-
cerns also expressed by Reviewer 1. In the following, we address each comment and
suggestion. In some cases, we refer to our (rather lengthy) response to Reviewer 1.

C1

Abstract

- No abbreviations should be used in the abstract without explanations.

- A sentence summarizing the main conclusions of the work should be
added.

We will replace CARA by “Constant Absolute Risk Aversion” in the abstract, according
to your suggestion. As for the addition of “ A sentence summarising the main conclu-
sion of the work”, it was precisely the goal of the last sentence of the abstract: “It is
found that the economic value of a forecast for a risk-averse decision maker is closely
linked to the forecast reliability in predicting the upper tail of the streamflow distribution.”
We will also add a sentence clarifying the impact of this finding for the design of future
forecasts.

Introduction

• Again, abbreviations are not well explained. Please provide the full term
when the abbreviation is used for the first time. Please check the whole
paper.
We verified the entire manuscript for acronyms and obtained the following list (the
pages and line numbers refer to version of the manuscript initially submitted):

– CARA: Constant Absolute Risk Aversion. Appears for the first time in the ab-
stract and will be defined there in the revised version of the manuscript.

– HEPEX: Hydrological Ensemble Prediction EXperiment. Appears for the first
time at line 1 of the introduction and will be defined there in the revised
version of the manuscript.
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– DEH: Direction de l’Expertise Hydrique. Appears for the first time at line 3
of page 3 and is already defined there.

– vNM: von Neumann and Morgenstern. Appears for the first time at line 32
of page 2 and is already defined there. Typo in the "Neumann" pointed out
by Rev. 1 was corrected in the revised version of the manuscript.

– CRPS: Continuous Ranked Probability Score. Appears for the first time at
line 31 of page 11 and is already defined there.

– INRS: Institut National de la Recherche Scientifique. Appears for the first
time at line 17 of page 5 and is already defined there.

– RHHU: Relatively Homogenous Hydrological Unit. Appears for the first time
at line 21 of page 5 and is already defined there.

– SWE: Snow Water Equivalent. Appears only once, on page 6 line 2 and is
defined there. We might remove the acronym since we are not using it
later.

– BV3C: Bilan Vertical en 3 Couches. Appears only once at line 28 of page5.
Will be defined. It is the name of a subroutine of HYDROTEL

– TIGGE: THORPEX Interactive Grand Global Ensemble. THORPEX is it-
self an acronym, which stands for "The Observing system Research and
Predictability Experiment". Appears for the first time at page 6, line 31. The
acronym TIGGE is already defined there, but not THORPEX. The definition
of THORPEX will be added.

– ECMWF: European Center for Medium Range Weather Forecasting. Ap-
pears for the first time at line 32 of page 7 and is already defined there.

– MSC: Meteorological Service of Canada. Appears for the first time at line
33 of page 6 and is already defined there.

– EnKF: Ensemble Kalman Filter. Appears for the first time at line 21 of page
7 and is already definied there.
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– USACE: United States Army Corps of Engineers. Appears only at line 30
of page 10 and in the list of reference. It will be modified so that the full
name appears instead of the acronym, both in the text and in the list of
references.

• p. 2, line 7/8: What does this mean? Could you provide examples? Accord-
ing to a comment by Reviewer 1, all references to analog forecasting systems
have been removed from the revised version of the manuscript.

• In general, a more structured review of the literature on uncertainty is
missing. For example, different types of uncertainty (epistemic versus
aleatoty/natural uncertainty) could be distinguished since they may have
different effects on decisions and decision makers because epistemic un-
certainty can be reduced by better data or models while aleatory uncer-
tainty cannot. Later in the paper, this should also be discussed in the con-
text of the study.

Identifying the different types of uncertainty can certainly help guiding the im-
provement of forecasts. This indeed has been the focus of many papers (e.g.
Juston et al., 2013; Beven, 2016). The later reference includes a section about
the level of confidence that one can have in the forecasts and how this level
of confidence (potentially affected by disinformation and uncertainty) can impact
decision-making. This is briefly discussed on page 17, line 30 of the current ver-
sion of the manuscript. In the present study, which is only the first step toward a
more realistic assessment of the value of forecasts, we assume that "the decision
maker’s trust of the forecasting system is absolute" (p.17 line 31-32). Consider-
ing the level of confidence of decision-maker has toward the forecasting system,
and how this level of confidence can vary according to his/her ongoing experi-
ence with the forecasts, requires further significant modifications of the decision
model. As mentioned on p. 17 line 32-33, this will be the object of future work.
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Now, under this assumption that "the decision maker’s trust of the forecasting
system is absolute", the identification and reduction of different sources of un-
certainty is somewhat distinct from the decision maker’s problem. For a given
forecast, the decision maker’s spending decision does not depend on the type
of uncertainty. The decision maker takes the forecast as given, and does not
directly take part in its elaboration. This is also linked to Reviewer 1’s comment C
(Page 8, line 16 of the original manuscript) regarding the “cost of the forecasting
system”. Any decision that may affect the quality of the forecasts (implemen-
tation of new forecasts, reduction of uncertainty...) has been taken before the
decision maker has to decide how much to spend. At this point, he or she takes
the forecast as such and makes the best possible decision given the information
available at that time.

Given your comment, as well as Reviewer 1’s, we will adjust the discussion in or-
der to avoid such confusion. We will also include the above mentioned references
regarding the types of uncertainty in the revised version of the manuscript.

• The von Neumann and Morgenstern utility function should already be
briefly explained in the introduction (p. 2, line 31/32) The vNM utility func-
tions will be intuitively described in the introduction of the revised version of the
manuscript. We will also add many details in section 2. See our detailed answer
to comment A from Reviewer 1.

• p. 3, line 2: delete "forecast" once.: Will do. Thank you.

Section 2

• If you use a section 2.1 there should also be a section 2.2. One subheading
does not make sence. Consider to delete the headline. The headline of
section 2.1 will be deleted according to your suggestion.
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• The economic model and the utility functions should be better explained.
The content of the chapter referenced in line 30 (p. 3) should be briefly sum-
marized. Utility theory and the economic model will indeed be better explained
in the revised version of the manuscript. Please see our answer to Comment A
by Reviewer 1. He/she also had many questions and comments regarding those
topics and asked for additional references.

• A paragraph that bridges this section to the next should be added A para-
graph (or rather a sentence) that bridges this section to the next will be added
according to your suggestion.

• Starting on p. 4: Check the numbering of the equations; add numbers to
all equations on p.4,9 and 12. All equations will be numbered in the revised
version of the manuscript.

Section 3

• Typo in line 20 (p. 4) Will be corrected, thank you.

• p. 4, line 28/29: consider rephrasing, check logic Those lines currently read:
"The response time of the watershed is rapid (12 hours). The return period of
damaging floods is also short. This makes emergency evacuation and flood
damage a common occurrence for riverside". We would like more precisions
on what to clarify. First sentence means that floods appear rapidly. Second sen-
tence means that floods happen often. This is why it is important to have flood
forecasts and an emergency plan for this particular watershed.

• In Table 1, the potential damage should be added fpr each return period.
According to our answer to Reviewer 1’s comment B (second item), the revised
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version of the manuscript will include histograms reporting the number of events
observed in each category of damages, for each forecasting system. We be-
lieve that this information will be more in line with the general framework of the
paper. In addition, we are worried that displaying the values derived from the
flow-damage curve provided in Leclerc et al. (2000), which would be gross ap-
proximations, could lead the reader to put too much confidence in those esti-
mates.

Note also that Leclerc et al. (2000)’s report (though in French) is freely accessible
on the Internet.

• p. 5, line 8/9 consider rephrasing ("cause" is used twice in this short sen-
tence) The sentence will be rephrased to read: "an early spring thaw caused by
extreme temperatures induced a flood resulting in the evacuation of 25 house-
holds."

• This is unclear. The calibration performed by the DEH should be explained
(as well as the meaning of DEH - see my comment on the use of abbrevia-
tions) The meaning of "DEH" is already defined at the first use of this acronym
(please see our answer to your comments about the introduction). The DEH is a
section of our provincial government (province of Quebec) that is responsible for
hydrology and hydraulics (all aspects: operational flood forecasting, data collec-
tion and dissemination, dam safety control, etc.).

The calibration of model’s parameters was performed using the Shuffle Complex
Evolution algorithm of the University of Arizona (SCE-UA, Duan et al., 1994).
The objective function to maximize is the Nash-Sutcliffe Efficiency criterion. We
propose to mention briefly SCE-UA, Nash-Sutcliffe efficiency criterion and global
calibration strategy in the revised version of the manuscript. We assume SCE-UA
and the Nash-Sutcliffe efficiency to be well understood by most readers.

• Again, there shouldn’t be a section 3.3.1 only. Please reorganize the text.
C7

We agree and section 3.3.1 will be removed. The content will simply be merged
with 3.3.

Section 4

• p. 8, line 14: The use of 12 categories should be justified or better ex-
plained. First, we wanted to separate streamflow values into different categories
because the result of a 450 m3/s flood shouldn’t be much different than for a
460 m3/s flood, especially since those values are subject to many uncertainties.
Second, regarding this precise choice of 12 categories, it is based on a previous
hydraulic study of the sector to establish inundation maps (Leclerc and Secretan,
2012). They produced 11 maps, for streamflow varying from 550 to 1050 m3/s
and separated by an increment of 50 m3/s. We adopted this increment of 50
m3/s, but included lower streamflow values. We will add this explanation in the
revised version of the manuscript.

• p. 8, line 19-21: The content and use of the data for the 2014 flood is un-
clear. Please add some information. Indeed, we will add more information.
Specifically, for 2014, we know the streamflow value (and therefore the associ-
ated damage), as well as the amount spent. This allows us to calibrate βw. This
is also explained in more details in section 4.2 (p.9, lines 13-16). Unfortunately,
if we can share the value of the streamflow (825 m3/s), our confidentiality agree-
ment with the civil security prevent us to communicate the amount spent.

• p.9, line 4-6: The basis/source of the mentioned losses is unclear. Please
explain how these values were derived. In line 27, a damage curve of
Leclerc et al. (2001) is mentioned. This comes too late and too vague.
Explain how the curve looks like, whether it is applicable in the catchment
under study or/and whether and how is was adpated to your case study.
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Indeed, the damages are taken directly from Leclerc et al. (2001). It is based
on a survey regarding the types of houses in the sector (1-2 stories, with/without
basement...) and their value obtained from municipal evaluation. Level of sub-
mersion for different streamflow values are obtained through hydraulic simulation.
Damage is deduced from this level of submersion using Gompertz law Gompertz
(1825). We will add these informations in the revised version of the manuscript,
but as mentioned above, we choose not to replicate the curve since we do not
want to put too much emphasis on its precise values. Since it is available online,
the interested reader can also easily access it.

• p.9, line 4 and line 10: consider using "losses" instead of "damages" We
choose to use “damage” instead of “loss” in order to distinguish from the usual
use of the term “loss”, as in “cost-loss ratio”. As described in Appendix A, under
risk aversion the two are not necessarily equivalent. We prefer using “damage”
representing the actual, incurred, damages.

• p. 10, line 3 to 15: Most of this should be shifted to the dicsussion section.
We agree, we will move this part to the discussion section.

• In general, the section 4.3 is somewhat unclear and contains too many is-
sues for discussion. Consider to shorten it to the main point that are nec-
essary for the model application. This is related to your previous comment.
We agree that some items should be moved to the discussion. It will be done in
the revised version of the manuscript.

Section 5

• p. 12, line 3: discuss how the true distribution of streamflow could be
determined or whether it is possible to check the validity of the used distri-
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bution. This comment is similar to Reviewer 1’s comment B (second paragraph
of the section, page C3 of his/her review). It is actually not possible to deter-
mine the true distribution of streamflow. One can only approach it by using the
available historical record. It is expected that a longer record will provide a better
empirical estimate of the true streamflow distribution. However, there can also
be various sources of non-stationarity affecting the observed streamflow values
over time (e.g. changing the measurement apparatus, climate change, land-use
change, etc) that can contradict the previous sentence. Regarding the "validity of
the used distribution", in our study, we did not fit any parametric distribution. As
for the validity of the available empirical distribution, to the best of our knowledge,
no, there is no way that its validity could be verified with certainty. We will mod-
ify the sentence "Note that the history under consideration must... distribution
of streamflow" for "Note that, strictly speaking, the history under consideration
should... distribution of streamflow". Then we will add a brief discussion about
(1) non-stationarity effects/limits in the availability of data and (2) the impossibility
to compare with the "true" distribution of streamflow.

Section 6

• p.13, line 22: What do you mean by "sharpness"? Accuracy? Sharpness
is a desired attribute of ensemble and probabilistic forecasts (e.g. Gneiting and
Raftery, 2007) and does not correspond to accuracy. In a sharp forecast, all
members are very close to one another. They are not necessarily accurate,
though, as they could all be wrong. Deterministic forecasts are, by definition,
infinitely sharp (as a Dirac function). We will add a precision on that point in the
revised version of the manuscript.

• What do you refer to when you mention "relatively rare and comparatively

C10



small flood events"? we mean that the “usual” flood events for the Montmorency
River are much less dramatic than the predicted ones (looking at the upper tail of
the predictive distribution).

Then, for a relatively risk-averse decision maker, but small level of immaterial
damages (say A = 0.005 and ψ ≤ 10), having no forecast is better than having
ensemble forecasts (see Figures 8 and 9). This happens because the ensemble
forecasts predict huge streamflow value, which are never realized. However,
those dramatic predictions lead the decision maker to spend immense amounts
of money.

You are right that our statement was imprecise. We will add more details in the
revised version of the manuscript.

Section 8

• p.17, line 19: typo "AND in terms..." Thank you for pointing the typo on p. 17
line 19. It has been corrected in the revised version of the manuscript.

• Figure 3, 4 and 10: Explain the abbreviations in the figure caption We would
really prefer to leave the abbreviation in the figures for two reasons (1) The
acronyms (EnKF and CRPS) are already defined in the text, before the figures
(please see our answer to your comments about the introduction) and (2) The
use of acronyms in figure titles allows for those titles to remain relatively short,
which in our opinion is better for ease of reading.
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