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We thank the reviewer for taking the time to evaluate our manuscript and highlight several
important points, which we have addressed below in bold to improve our manuscript.

Specific comments:

e Study area: | am missing information about the land use within the study area. You are
using the NDVI for the validation of the flood extent. Is the catchment mainly
characterized by agricultural land use? It would be nice, if you could add a little
description about the land use percentages in the study area.

The study area is primarily comprised of landcovers that would be expected to show a
vegetation response to flooding. We have added a supplementary table (Table S1) showing
the land covers in the study area and we now introduce this under the Study Area section
with the following text.

‘The main landcover classes in the study area are grassland (45%), shrubland (17%), tree
cover (16%), cropland (11%) and built-up (10%) (Table S1).’

e Validation via NDVI: While flood damages on crops is relevant, one main focus of flood
risk management lies on the protection of urban areas and residential/industrial
buildings. How does the NDVI help to identify inundated urban areas? How do you
explain the NDVI change in urban areas in Figure 5?7 In the abstract you point out
“populated urban environments” (with usually little vegetation) but your method can
only detect changes in vegetation. This remains somewhat unclear throughout the
manuscript and also relates to previous question. How well is the NDVI suited to detect
flooding in urban environments? In my opinion you have to elaborate more on this point.

We agree that using a metric of vegetation change to derive flood extent in urban areas is
problematic due to the built-up nature and sparser vegetation coverage, which is also why
we did not create validation extents from these areas. No flood map or field evidence was
available for the 2013 event. Therefore, we decided to use the NDVI-derived flood extents
outside urban areas to calibrate the flood models, which were applied across the full study
area. We did not intend our approach to be used to derive validation flood extents in urban
areas, and validation in the urban areas is therefore lacking. We have added further
discussion to clarify this:

Section 4.1.1

‘The highest stream orders displayed greater spread in the NDVI change (Figure 4d), likely
due to a combination of their less ephemeral nature, greater carrying capacity, and lower
detection of NDVI changes for channels in built-up environments due to sparser vegetation
coverage. Therefore, using NDVI change to derive reference flood extents would not be
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appropriate in urban areas; however, the deposition of sediment in these areas could be
used instead if they had sufficient spectral contrast to the surrounding roads and buildings
(Notti et al., 2018).’

Section 5. Discussion:

‘We were only able to validate the models against flood extents derived outside urban
areas, where the spectral change in vegetation post-flood was clear. Within built-up areas,
the deposition of sediment could be used to derive information on flood extent if it had
sufficient contrast with the adjacent landcovers (Notti et al., 2018). The lack of apparent
deposition and supporting field observations, precluded this in our study.’

Roads, tracks and buildings are generally small in the study area, without large industrial
complexes or concreted surfaces for example. The pixels of built-up area in the landcover
map will in some cases therefore be a mix of urban structures/roads/tracks and
vegetation, since the map has a 10 m pixel size. Therefore, vegetation loss or damage in
these areas (see example image below) was observed and reported in the NDVI difference
(Fig. 5). To better isolate specific impacts, we reported the number of buildings and length
of roads and tracks within the modelled flood area (e.g. Fig. 10). We have clarified this with
text under 3.2.2:

‘The 10 m pixel size of the ESA WorldCover land cover map would in some cases
incorporate mixed pixels of urban structures, roads, tracks, and vegetation for example,
given that these features are generally small within the study area. Therefore, to evaluate
potential inundation impacts for urban areas, we also used building footprints from the
Global ML Buildings dataset (Microsoft, 2024), and the transportation network including
roads and tracks from OCHA (OCHA, 2021), which were more complete than
OpenStreetMap data.’

The example image below shows the 2013 RapidEye satellite image background, built-up

area landcover (red), the areas of significant NDVI decrease (blue), and the overlap
(orange). The latter (orange) would be reported as built-up area in Fig. 5b.
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e Discussion: You could not validate the inundation depths with your approach. However,

inundation depth is one main factor regarding damages. This should be discussed.

Yes —unfortunately our project, and this paper, was working with case study locations

where validation data was sparse or completely absent. Hence, a motivating factor for

evaluating NDVI-derived flood extents. We recognise the importance of other factors for

assessing damage to agricultural land and buildings, including flood depth and velocity,

but unfortunately, without calibration data, we could not validate them here. We have

modified the discussion text on this topic to read:

‘In this study we focused on the maximum flood extent and depths as an indicator of
impact. However, we recognise that we could only validate flood extent due to the
absence of flood depth information and gauging station validation data for the 2013 event.
We were only able to validate the models against flood extents derived outside urban
areas, where the spectral change in vegetation post-flood was clear. Within built-up areas,
the deposition of sediment could be used to derive information on flood extent if it had
sufficient contrast with the adjacent landcovers (Notti et al., 2018). The lack of apparent
deposition and supporting field observations, precluded this in our study. Additionally,
dynamic flood effects, including arrival time, flow velocity, and depth, could also be better
represented by physics-based flood models if gauging station validation data were
available. These factors are key to more accurately assessing potential damages to
agricultural land and buildings, for example (Hammond et al., 2015; Smith, 1994).’

e Line 51:“NASA Global Precipitation Measurement” and antecedent soil moisture
conditions via radar: | am highly skeptical about the quality of these products. Remote
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sensing of soil moisture is very uncertain and can just give information about the upper

layers of the soil. The spatial resolution remotely sensed precipitation is too coarse to

be effectively used in flash flood modelling were affected basins are usually small and

spatio-temporal distribution of rainfall is decisive for the formation of flood peaks.

Please discuss this, e.g. in the following sentence (“Barriers to earth-observation ....”).
We agree that is problematic for smaller basins. Therefore, we showed the GPM data for
our catchment but used the rainfall gauges as the primary data source (Fig. 3b). We have
added the following text as suggested:

‘Additionally, the coarse resolution global products such as GPM may not capture the
spatio-temporal complexities of precipitation and therefore the formation of flood peaks in
flash flooding (Sapountzis et al., 2021).’

e Line 184: Did you really use just one mannings roughness value for the whole study
area? Why? You could derive these also from land use / or satellite data. How do you
justify this enormous simplification of surface runoff processes? This is one main point
of my criticism.

We understand your concern over this simplification, which is why we also tested the
model sensitivity to varying manning’s value chosen in Supplementary Table 1. In our
catchment, the highest resolution land cover information available was the 10 m
resolution ESA WorldCover 200 product and we used this data in our analysis of land cover
inundation (Fig. 5). However, the channels in our catchment are less than a pixel wide, and
often only active following rainfall, so are not resolved in this map (e.g. image below).
Additionally, the study area is largely comprised of grassland (yellows) and shrubland
(oranges), with interspersed areas mapped as trees/woodland (greens) in the landcover
map (image below). In reality, these wooded areas are often olive groves, with trees
regularly spaced and with mixed landcover interspersed (bare
ground/grassland/shrubland). Other land covers are seasonal and we were unable to
obtain observations of likely roughness. Given the uncertainty in the landcover map, and
lack of appropriate information/calibration data to inform spatially variable manning’s
values, we instead chose to calibrate a uniform value against our reference flood extents.
Using a uniform value is not uncommon in similar circumstances (Begnudelli and Sanders,
2007; Fewtrell et al., 2008; Jamali et al., 2019; Shrestha et al., 2023).

We have added the following text to the methods to justify the selection of a uniform
manning’s value and clarify that this is a simplification under section 3.4.1:

‘Spatially variable roughness values are preferable to capture detailed inundation
characteristics, for example informed by a landcover map. However, applying a uniform
value is common where landcover data are not sufficiently high resolution or are
uncertain, and where there is a lack of field-base information to inform and calibrate
spatially variable Manning’s values (Begnudelli and Sanders, 2007; Fewtrell et al., 2008;
Jamali et al., 2019; Shrestha et al., 2023).’

Landcover map with an example of the flood extent (blue polygon) overlaid:
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e Which parameters are needed to run the three hydrological model? How did you derive
these parameters? | understand that there is no way to calibrate the models but did you
just use standard settings for the models? Please be more transparent about this and
explain how you derived the parameters. While your models might be able to replicate
the extent of the 2013 flood, the might fail to reproduce the correct inundation depths
and flow velocities, which are both crucial parameters regarding the flood impact on
buildings. This is another main point of my criticism.

Unfortunately, we were not able to validate inundation depths and we have added further
discussion of this in relation to your earlier point. However, the aim of the study was to use
earth observation data (NDVI change) as a means to provide at least some information
(flood extent) to inform flood modelling in ungauged catchments. Whilst recognising that
there are notable compromises in the approach taken due to the lack of validation data.

We have added text under 3.4.1 to clarify that the models use standard settings, other
than the parameters we specify in Table 1.

‘In the absence of validation data in our catchment, we used standard model parameters
and performed sensitivity testing to Manning’s roughness values, which were uniformly
applied across the study area for each simulation.’

e Figure 5: I find the differences between fluvial and non-fluvial intersection quite small.
(Fig 5b and c¢)). What could be the explanation for this? | would expect, that the
inundated areas at fluvial intersections are much larger.

The NDVI decrease corresponding to the stream network is apparent across the study area
(Fig. 4b), but so too are the large areas of NDVI decrease not directly intersecting with the
stream network (Fig. 4a). This is because the precipitation from the 2013 flood event would
have ponded damaged vegetation across the study site, causing NDVI changes. Some of
these areas may indeed drain to lower order streams, but did not directly intersect with
them in our analysis. For the higher order streams, flowing water is the most likely
mechanism to remove or damage vegetation causing an NDVI response. We have clarified
the discussion of this figure to read:

‘The NDVI decrease intersecting with the stream network, which was most likely to be a
direct result of the effect of moving water on the vegetation,....
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‘Non-fluvial NDVI change represents a vegetation response to the storm precipitation or
standing water, although these areas may still drain into lower order streams. Here, NDVI
decrease was greatest for grassland....’

e Table 3: Itis good that you use to different climate projections as they are really
uncertain. Especially the GFDL-ESM4 on the SSP5-8.5 scenario seems quite strange
with a decrease in rainfall in the mid-future. Is this an artifact?

The study area lies within a region characterized by low model agreement, particularly
regarding projected changes in annual maximum daily precipitation under different Shared
Socio-economic Pathways, including SSP5-8.5 scenario (Seneviratne et al., 2021).
According to Ali et al. (2022), projections for south-east Mediterranean indicate a mixed
direction of change and also decreases in heavy precipitation at global warming level of
1.5°C and 4°C respectively. Therefore, the decrease in RX1day projected by GFDL-ESM4 is
not necessarily an artifact, but rather a plausible outcome within the range of projections
assessed by the IPCC.

Table 3: Percentage changes in future RX1day after hias correction

R¥1day (mm) and % changes: GFDL-EShi4

Historical MNear future Mid-future Far future

S 19832014  2021-2040 Reianen 2041-2080 % e 2081-2100 Bt
88P2-4.5 2 84 18 72 1 a2 13
85P5-85 76 g8 68 -4 80 13
RX1day (mm) and % changes: MPI-ESM1-2-HR

88P2-4.5 i 88 24 a3 17 82 15
88P5-85 7 0 75 6 73 3

e Table 4: How did you derive the return periods? How long was the time series you based
this calculation on? Please clarify.
The return period values presented in Table 4 were derived through a stationary frequency
analysis using Gumbel’s extreme value distribution, following the steps:

1) 30 years of annual maximum daily rainfall data for each period was used.

2) Historical base period from 1985-2014 and Mid-Future period from 2041-2060.

3) From the daily rainfall data, the annual maximum rainfall for each year was extracted
— for each of 30 years, one value (the maximum daily rainfall value) was selected.

4) Then Gumbel’s Distribution was applied, which is a commonly used method for
modelling extreme events such as extreme rainfall — to fit the 30 annual maximum
values.

5) Once the distribution was fitted, rainfall amounts corresponding to specific return
periods i.e., 5-year, 10-year, 25-year, 50-year and 100-year was calculated.

e Line 390: What do you refer to here, if you speak about opportunities for groundwater
recharge? During flash floods infiltration is negligible. Do you mean infiltration from
ponded areas after the flood? Also there seems to be an issue with causality in this
sentence: “Flash flooding[...] could reduce flood hazard”?

Yes —ponding was apparent following the 2013 flood and in our flood models. We have
corrected this sentence to read:
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‘Flash flooding affects built infrastructure and causes damage and erosion to cropland.
However, ponded water, which was apparent in the 2013 flood and our simulations,
presents an opportunity for groundwater recharge. Groundwater aquifers...’

Technical comments:

Line 28 ff.: | think there’s something wrong in this sentence. How is a warming climate driven by
higher magnitude flood events?

This sentence was missing the ‘flood risk’ context. We have split the sentence into two,
and modified to read:

‘A warming climate with more frequent extreme rainfall events (Min et al., 2011; O’Gorman,
2015) is coupled with increased exposure of populations and infrastructure to flooding
(Alfieri et al., 2017; Jongman et al., 2012; Tellman et al., 2021). Flood risk is driven by factors
including higher magnitude flood events (Hirabayashi et al., 2013; Slater et al., 2021a),
human-modified catchment runoff characteristics (Kundzewicz et al., 2014), and
encroachment into flood-prone areas (Andreadis et al., 2022; Devitt et al., 2023).”

Figure 5: Why the label “Open water”. You can not see it in the three figures. | wonder if a simple
table would be even easier to interpret than this figure.

We have removed the label ‘Open water’ as suggested. We appreciate your suggestion but
in this case prefer the bar plot to a table in order to visualise the difference in overall NDVI
increase and decrease for each plot, in addition to the contributing land covers.

Figure 8 and 9: Can you increase the resolution of these plots?
Yes, the resolution of the plots has now been increased.
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RX1day after bias correction
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Figure 10: The differences in flooding extent are very hard to see. Maybe a table with the
numbers would be enough?

We appreciate that the flooding extents are not easy to see across the full study area,
although differences are noticeable. We wanted to include a figure that shows the
modelled floods for the full study extent, along with a summary of the impacts for each
scenario. Therefore, we have retained this figure. The overall inundated areas are
additionally presented in Table 5. We will make the flood map Geotiff outputs available on
Zenodo so they can be viewed at full resolution by readers in GIS software.
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