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This paper discusses the generation of future hazard maps in a global inundation
modelling context. As present day global hazard models have become more common and
more detailed interest has been building in creating future hazard maps from these data.
This study is a timely analysis examining some of the decisions involved in propagating
GCM analysis into these hazard data sets and thus a valuable addition to the literature.

 

Overall the analysis has been done well and the paper is clearly written with an easy to
follow structure. The novelty of the work could be more precisely defined in the induction
because many local scale climate conditions hazard maps have been created in the past
(see specific comments below). Furthermore, although I appreciate why the authors have
developed a method to ensure monotonically decreasing water levels, I don’t think the
rational for doing this (backwater effect) is a clear cut as suggested in the text because a
hazard map is not a physically coherent event. If the authors agree with my comments
then they should be able to modify the arguments in the text and publish the research.

 

Specific points:

 



Line 58: It would be good to add some references on in country hazard mapping. In
general as this paragraph is an overview of local-scale flood hazard mapping efforts I
found it a bit citation lite. It would be nice to signpost some other review articles as De
Moel et al 2009 was published some time ago.

 

At the risk of self-promotion (no need to include any of this unless it’s useful to support
your later arguments) we included a UK focused review of local-scale modelling efforts
that highlights some of the challenges of using these data sets in a climate conditioned
application.

Bates, P. D., Savage, J., Wing, O., Quinn, N., Sampson, C., Neal, J., and Smith, A.: A
climate-conditioned catastrophe risk model for UK flooding, EGUsphere [preprint],
https://doi.org/10.5194/egusphere-2022-829, 2022.

 

Line 81: “assessment of future flood risks based on the spatial distribution of inundation
depths has not yet been established” I agree at the global scale but there are many local
scale examples of such studies that have had to consider the GCM bias issue. I think that
needs to be acknowledge explicitly in this section or the previous paragraph. For example,
this sentence

“While bias-correction methods for precipitation and temperature have been studied in
detail (Watanabe et al., 2012, Hempel et al., 2013 and Lafond et al., 2014), such methods
have not been established for runoff data for use as inputs to flood models“

is not correct without a more precise focus on the novelty of this study because there are
many examples of localized climate conditions hydrological cascades all the way to
inundation hazard and impact. These studies have some of the same issues you so I would
have thought there were some useful conclusions from the literature that might feed into
this section.

 

Line 113: “Although CaMa-Flood is a global model, it is unique in that it represents the
physical processes necessary to reproduce floodplain inundation dynamics” I appreciate



there are unique aspects to CaMa-Flood, however there are several global flood inundation
models so perhaps remove the word “unique” or be more specific about the combination
of capabilities that are unique.

 

Line 137: could you be specific about the simulation length – I suspect its shorter than
most readers will assume by the wording long term. Is it 35 years?

 

Line 150: I have no issue with this pragmatic method for getting a spatially consistent
hazard map, but I’m not convinced by the description. The hydrodynamic model simulated
the backwater effect so I assume that this effect is captured in the hazard/level
simulations. Could it be the case that the spatial inconstancy is therefore due to the
distribution fitting and other data processing factors rather than a physical backwater
effect being omitted? I appreciate the maps will look better with this correction but do you
risk biasing the levels higher in the process? On a more fundamental level a hazard map is
not an event, so does the water level even need to monotonically decrease downstream
since you simple seek to best simulate the hazard rather than a plausible physical water
surface which a hazard map will never be?

 

Section 2.3.1: Could you cite some alternatives to the bias correction method and explain
why this one was chosen. I’m not an expert in these methods, but my assumption is that
the results of this method would be sensitive to the choice of bias correction. Depending
on your response above you might need to caveat the conclusions drawn around line 336.

 

Did you consider looking at more frequent hazards? I assume the runoff bias correction
method would work better the closer you were to the mean annual flood because the bias
would be better corrected? Or maybe the distribution fitting is still impacted…

 



Line 383: “On the other hand, the lookup method did produce hazard maps consistent
with the changes in flood risk under the future climate projected by the GCMs.” I found
this a bit confusing. Do you mean flood risk here? I assume you can only derive risk from
the hazard maps, do you mean the changes in GCM runoff or precipitation? I think this
section needs to be more precise about what you are looking for constancy with because I
don’t think its risk – or at least I didn’t understand how it could be from the text.

 

Line 390: “4.1 Which method is more convenient for generating future-hazard maps?”
Convenient is the wrong word here it only applies to some of your arguments.

 

Line 394: I think you could also note here that this approach can also be used with hard
mapping methods based on regional flood frequency analysis or machine learning from
gauging station data, which at least in historically well monitored river reaches can be
more accurate than rainfall-runoff reanalysis based methods (perhaps this is contested)
for present day hazard mapping and extreme flow estimation because the modelling chain
is much shorter (e.g. Laura Devitt et al 2021 Environ. Res. Lett. 16 064013
DOI 10.1088/1748-9326/abfac4)

 

Line 407 I think this is a separate point from the one above “The lookup method also has
the advantage of facilitating research on efficient construction of future climate hazard
maps, as it allows for improvement of the reanalysis hazard map by upgrading the model,
and the estimated changes due to climate change can be considered separately” and you
could expand to discuss using multiple flood hazard models for the analysis as several are
introduced in the preceding section.

 

Section 4.2: I think it’s valuable to discuss this correction (so I’m not suggesting a major
revision). But in my opinion it’s debatable whether this correction is desirable for a hazard
map which is not an event and thus not a physically possible water surface. I think it
potentially double counts for the backwater effect and over-predicts the flood inundation
levels by biasing locations upstream to any over-prediction errors in the distribution fitting
downstream. That said the hazard mapping is improved relative to some high quality
validation data so I don’t dispute that some form of postprocessing of the levels to aid



spatial constancy is the wrong thing to do… but you could smooth for example. Personally
I would slightly modify the discussion in section 4.3 to present the results with and
without the backwater modification as an indicator of the sensitivity to this issue – which
is less than the climate change signal and impact of different GCM treatments. This would
also require a small edit to the conclusion ~line 532. 

 

Line 465: why choose lower resolution population data rather than say Worldpop? Could
this bias the results?
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