We thank the referees for their very useful suggestions and concerns which we’ll try to mostly address in
the new version of the paper in order to increase its robustness and its clearness for the reader. In the
following, a point by point answer to the review is supplied.
Reviewer 1
The referee raises five major concerns that we will try to address and some minor suggestions that we’ll
partly consider.
Major concerns
1) The paper is not a review  “the aim could be addressed to how the findings of the workshops
contributed to the understanding and knowledge of the topic”.
We agree with the referee, as the paper actually reports the point of view of a meeting of 50
experts attending the two workshop events on flood risk models validation, and is far from being a
complete review on the topic but more a critical analysis of it. “Review article” was initially added
to the title in order to classify the paper among the types of manuscript accepted in NHESS.
Reading again the description (https://www.natural-hazards-and-earth-systemsciences.net/about/manuscript_types.html) we think that the paper can be better classified as
“invited perspective”. After consultation with the executive editor Dr. Heidi Kreibich, we all agreed
to change the manuscript type into “invited perspective”.
This type of manuscript must include “the author's perspective, (critical) observation, or research
suggestions based on sound arguments, facts, published research studies, or real-life examples” on
a topical aspect of natural hazards, that is just what our paper do with respect to flood risk model
validation.
For these reasons, we do not think that a full review of the literature is required.
2) often the problem of validation is assimilated in the paper to the problem of uncertainty
estimation, while I believe they are two distinct problems
The Referee is right. We consider the problems as equivalent because, according to our definition
of validation, uncertainty assessment is included in validation.
During the workshop several definitions of validation were discussed. However, we all agree that
validation in flood risk modelling cannot be “strictly” intended as the check of model outcomes
against recorded measures (as it is traditionally done). It should aim “at assessing whether risk
assessments meet the needs of relevant stakeholders” or “at evaluating model reliability towards
its intended use” (as we state in the paper).
Then validation implies two main things:
- that the model supplies an estimation of the variable(s) of interest (i.e. information relevant for
stakeholder/decision maker)
- the such estimation is supplied with a level of accuracy/precisions that is in line with the
intended use of the estimate
As the second point illustrates, validation is very closely related to uncertainty assessment.
We understand that our viewpoint can lead confusion in the readers, and an explanation will be
added into the revised version of the paper
3) not all the flood risk model components are analysed  “The components of risk modelling are not
only flood hazard, defence failure and damage analysis. I think there are others like spatial and
temporal correlation estimation, exposure or exposed values estimation, uncertainty estimation,

stochastic events generation. Also, flood risk modelling could not be limited to damage analysis,
but in general extended to indirect losses and social impacts”  “I think other important flood risk
modelling components should be included. I think, the most relevant are: 1) the estimation of the
temporal and spatial correlation of the flood events, 2) the stochastic generation of (synthetic)
flood events, 3) the assessment of the exposure, 4) the estimation of the uncertainty associated
with the risk assessment”
a) In our opinion the definition of a “component” depends on the level of detail adopted in the
analysis. Our 3 macro-components include all the (sub-)components recalled by the referee (but we
would like to note that even such sub-components could be further divided in sub-components,
e.g. one could distinguish between the assessment of physical and economic exposure, and so on).
For example, “The estimation of the temporal and spatial correlation of the flood events” and “the
stochastic generation of (synthetic) flood events” are included in what we mean as “the assessment
of the likelihood and the features of the damaging physical event”. We also refer to them, i.e., “the
uncertainty is usually addressed by adopting different flow hydrographs as upstream boundary
conditions or by doing Monte Carlo simulations”. Equally “the assessment of exposure” is included
in “damage assessment” because a damage model will always consider exposure and vulnerability
while, according to point 2), uncertainty estimation is part of the validation process and is
discussed in the paper. In fact, also “defence failure assessment” can be included in hazard models
but we decided to pay specific attention to this crucial and often neglected topic.
We are aware that each “sub-component” would require a specific investigation but we only report
what emerged as crucial and primary during the debates.
For these reasons, we would not include all the subcomponents, but we will better justify our
choices for the three components in the revised version of the paper, and explain that various subcomponents are included.
b) We are aware that we neglect indirect loss and social impacts although we recognize their
importance in the overall damage figure. The choice of focusing on direct damage is due to the
evidence that much more models exist for direct damage estimation than for indirect or social
impacts; nonetheless, even in the presence of more models, and then more knowledge, validation
is difficult for many reasons (lacking of data, lacking of expertise, etc.). In such a context, we think
that the debate must start from most known “fields” of research and expertise, to further extend
the discussion in the future to other types of losses and impacts from floods. This will be explained
in the new version of the paper.
4) what is stated in the parenthesis (“risk cannot be observed”) is quite imprecise. Risk is the
probability of losses. The “modelled quantity” is loss which is measurable.
We know that there is no consensus in the definition of risk (risk can be considered as an expected
value, a probability distribution, the uncertainty of an event, etc.). In the paper risk is considered as
the expected damage(loss) in a certain time period (usually damage/year) on a certain area, and
integrates all event probabilities in that area. We cannot always measure the damage/loss
associated to a certain event but not the risk (as often we have information on too little past events
across the range of all event probabilities, and in highly protected areas damaging events hardly
occur). Nonetheless, as stated by the referee, “flood risk modelling could not be limited to damage
analysis, but in general extended to indirect losses and social impacts” which measurement is still
controversial.
We think the paper already explains the point, i.e. “risk is a composite figure, built out of many
potential events each with a different probability and consequences (i.e. risk cannot be monitored
in the field)”. A more detailed explanation can be added.

5) the literature review can be summarized in a more structured manner also by means of tables 
P3 L19-23. This part of the paragraph is very useful to guide the reader into the different
techniques described: i) objectives, ii) data, iii) techniques and iv) new developments. I suggest
adopting those fields as the columns, and the flood risk model components as the rows, of a table
that provides a general overview of the state of the art of flood risk validation as described in the
paragraph 3.
This is a very nice suggestion. This effort can improve the readability of the paper and we’ll add the
table.
Minor suggestions
6) Title; substituting “current practice and innovations” with “practices, lacks and recommendations”
The title will be changed into “Invited perspective: Validation of flood risk models: current practice
and possible improvements”
7) P2 L10-13. The key questions reported here are really useful to guide the reader through the paper.
I suggest that each of the following paragraph replies to each single question: 1) What is validation :
: : -> paragraph 2 2) Which are the techniques : : : -> paragraph 3 3) Which are the priorities : : : ->
paragraph 4
We think the paper is already clear on this point.
8) I think this paragraph starts from too far. I don’t think it is necessary to go to the foundation of
engineering science to define what is validation. Also, the analogy with a product is little bit out of
context. Validation is a consolidated concept in science and in applied science. Nonetheless, I find
interesting to define more closely the concept of validation in the context of flood risk modelling. I
suggest modifying the introduction of paragraph 2 with something closer to the focus of the paper.
In fact, the discussions we had at the workshops highlighted that validation is not so a
“consolidated” concept in science but it can have different “nuances”. A clear definition of what we
mean with validation is required in the paper; this is just the authors’ perspective we want to
discuss. The reference to engineering science is due as readers can understand how the concept
has been translated from its original context to flood risk modelling. We will not modify this part of
the paper.
9) P3 L15-16. The sentence is contradictory. How could exist “validated” models if they are validated
by comparison with other models
Here we refer to validated models for the same area (but for example working a larger scale so that
they can be validated), or for similar areas. A sentence will be added to better explain the point.
10) P6 L28-29. I think that what is interesting here is how this type of models is validated.
As far as we know, the three approaches that can be used are always the same: comparison with
observed data, comparison with validated models, expert judgments. However, a comment will be
added on this.
11) P7 L13-33. I think that the discussion on the lack of data and future research should be moved on
the paragraph 4. I suggest focusing in paragraph 3 only on the review on the existing techniques.

We agree with the referee and we will move the discussion as suggested.
Reviewer 2
The referee raises only one main concern (but for the request of extending the literature review – see
comment 1 above)
The aspect of change over time is not sufficiently addressed by this manuscript … to validate these models,
we must primarily assess their capability to capture “changes in flood risk”.
For instance, could any of these flood risk models capture the dynamics of flood losses in Bangladesh
reported by Mechler and Bouwer (2015)? Moreover, flood risk assessments are often carried out to explore
the effects of risk reduction measures. Can any of these models simulate the fact that structural protection
measures reducing flood hazard often trigger a (more than expected) increase of exposure and
vulnerability, as widely shown by the safe-development paradox and shown with the catastrophic flooding
events in New Orleans (2005) and Brisbane (2011)? What is the point of getting a precise and accurate
number for a thing (risk) that is (at least partially) socially constructed, while being unable to assess
whether risk will actually increase or decrease a decade after the introduction of flood protection
measures?
We really thank the referee for arising this point that we neglected mainly because it was not discussed at
the two workshops the paper refers to. However, we think that the steady nature of many flood risk
models (i.e. hazard and damage models), the reliability of the estimate they provide and their validation
towards dynamic systems (and then “dynamic” observations) must be mentioned and briefly discussed in
the paper. This will be added to the revised version.
From another perspective, also the capacity of simulating “changes in flood risk”, after the introduction of a
certain mitigation measure is relevant for model reliability. Still, in our opinion, this is more related to the
capacity of the modeller of taking into account, in the estimation of the “new” value of risk, the effects that
such a measure has in terms of hazard and exposure/vulnerability scenarios, rather than to the model
itself. This is what is usually done in cost-benefit analysis. In this case, validation of flood risk models is still
more challenging as we should validate them with the “observed risk” before and after the introduction of
the measure. Some comments will be added at the paper with respect to this.

