REPLY TO REFREE COMMENTS
RC1: Anonymous Referee #1

Reply: Thank you for the positive assessment of the manuscript and for recognising the
contribution of explicitly incorporating levees into large-scale flood modelling.

Reply:

We thank the reviewer for this important comment. We have revised the manuscript to more
explicitly discuss uncertainties associated with the different components of the modelling chain,
including runoff forcing, levee detection and parameterisation, frequency analysis, static levee
representation, and volumetric downscaling, and to clarify how these uncertainties influence both
event-based validation and return-period results. These points are now integrated into the
relevant Discussion sections and synthesised in an expanded Limitations section. In addition, we
conducted a targeted sensitivity analysis on the choice of extreme-value distribution and
propagated its effect through volumetric downscaling to inundation extent (supplementary Fig.
S14), to illustrate how frequency-analysis uncertainty influences high-return-period hazard
estimates. We also clarify the implications of these uncertainties for global applicability. While
systematic sensitivity experiments would provide additional insight, they would require large
ensembles of long-term simulations and are therefore beyond the scope of this study; such
analyses are identified as an important direction for future work. The purpose of this expanded
discussion is not to fully quantify uncertainty, but to guide readers in interpreting the robustness
and limitations of the reported improvements and to avoid overconfidence in return-period
projections.

Changes made in manuscript:
Section 4, lines 485 - 498
Section 3.3, lines 424 - 431

Figure S14 (supplementary document)

We thank the reviewer for this comment. In the Introduction, we have added a new paragraph
that places our work within the wider global flood hazard and risk modelling literature and briefly
describes existing global frameworks. In the Conclusions, we have added a short paragraph



explaining that our framework provides a way to convert coarse-resolution outputs from a global
river model (CaMa-Flood) into high-resolution, levee-aware hazard maps by using a global levee
dataset, and that the same workflow can be applied in other large, leveed river systems. These
additions clarify how the study connects to existing global flood models and what its broader
significance is.

Changes made in manuscript:
Section 1, lines 49 - 53
section 5 lines 510 -516

Reply:

In the revised manuscript we clarify how the basin-specific design return periods were obtained
and used. We now explain that we collected river protection standards for 189 nationally and
prefecturally managed rivers by reviewing river maintenance plans and design standard
documents published by MLIT and the relevant prefectural governments, and that smaller rivers
without such information were excluded. The reported protection levels were categorised by
return period (e.g. 50-year, 100-year, 200-year), and one representative design return period was
assigned to each river basin, mapped to the corresponding CaMa-Flood basins, and used as the
target protection level in the iterative estimation of levee heights. This makes the underlying data
and their role in the modelling framework explicit. This clarification is intended to make the origin
and assumptions behind the design return periods transparent, so that readers can judge their
suitability and limitations when transferring the method to other regions.

Changes made in manuscript:

Section 2.3, lines 169 - 172

Reply:

In the revised manuscript, we have added a short description of the river in the Methods section.
The new text explains where Chikuma River originates, its catchment charactristrics and the
driving flood processes with proper citations. This contextual information is provided to help
readers understand why the Chikuma River represents a suitable test case for levee-dominated
flood processes rather than an extreme or atypical basin.

Changes made in manuscript:

Section 2, para 2



Reply:

In Section 2.2 we have expanded the description of CaMa-Flood model.
In Section 2.3 (Levee data), we have expanded the description of the global levee dataset of
Khanh et al. (2025, in review) to clarify that it is derived from 10 m LiDAR DEMs using a
morphometric detection algorithm based on four terrain parameters. We now also state explicitly
that, after resampling to 1-arcsecond resolution, this dataset is used to compute the levee
parameters used in our schematisation and volumetric downscaling. These additions make the
manuscript more self-contained for readers unfamiliar with CaMa-Flood and the Khanh et al.
dataset.

Changes made in manuscript:
Section 2.2, lines 117- 122
Section 2.3, lines 142- 148

Reply:

We thank the reviewer for catching this. We have cross-checked all in-text citations and the
reference list. The reference to Tellman et al. (2021) has now been added to the bibliography.

Changes made in manuscript:

References, lines 641 - 643

Reply:

We thank the reviewer for this comment. Section 3.1.1 has been revised to include a more
transparent and more balanced discussion of loU, FBI, recall, and precision, explaining how these
metrics should be interpreted and why improvements are moderate in levee-dominated
floodplains. We also clarify that levee integration primarily improves recall and reduces bias rather
than producing significant changes in total inundated area, and note that similar considerations
apply to subsequent sections. The revision aims to avoid misinterpretation of moderate metric
improvements, especially in levee-dominated floodplains where large gains are not expected.

Changes made in manuscript:
Section 3.1.1, Para 2 and para 3 (lines 326 - 331) and Fig 5
Section 3.1.2, Fig 6



Reply:

We thank the reviewer for this comment. We have expanded Section 3.4 to briefly describe the
major river systems considered in the national-scale analysis and to provide context on their
typical characteristics relevant to flood protection (mountain-to-plain transitions and extensive
leveed floodplains). The added text is meant to prevent over-interpretation of the 10-15%
reduction as a direct flood-risk reduction, and to clarify it as an aggregated volumetric signal.

We also added a concise discussion of key uncertainties affecting the flood-volume reduction
estimate (levee data uncertainty and resampling, levfrc/levhgt estimation, static levee
representation without breach, daily runoff forcing, limited sample length for extremes, and
omission of urban/pluvial processes).

Changes made in manuscript:

Section 3.4, lines 434 — 440 and para 4

Reply:

We thank the reviewer for this comment. We have appended Section 3.4 and the second
paragraph of the Conclusions to clarify the method's global applicability and scope. The revised
text explains that the current implementation is explicitly designed for CaMa-Flood, as it relies on
small-unit catchments and levee-fraction parameters to represent protected and unprotected
zones. We further clarify that the approach is most suitable for large, leveed rivers and can be
transferred conceptually to other models that provide an equivalent reach-based or subbasin-
based representation of river geometry and levee confinement.

Changes made in manuscript:
Section 3.4, last paragraph
Section 5, lines 514 -516

Reply:

We thank the reviewer for this suggestion. We have revised the manuscript to better integrate key
limitations directly into the relevant Results and Discussion sections, including the interpretation
of historic event validation, comparison with city hazard maps, and national-scale flood volume
analysis. In addition, the Limitations section has been updated to provide an overview of
methodological constraints and priorities for future development.

Changes made in manuscript:



Section 4 (Old limitation section has been moved here and renamed as “Discussion of limitations
and uncertainties”)



REPLY TO REFREE COMMENTS
RC2: Jonathan Remo

Reply: We thank the reviewer for their positive assessment and for recognizing the relevance of
addressing flood overprediction in levee-protected floodplains using large-scale river models. We
appreciate the constructive suggestions and have addressed the clarifications as detailed below.

General Comments:

Reply: We clarified the applicability of this framework by linking it to the CaMa-Flood model
structure. CaMa-Flood represents overbank flooding as aggregated floodplain storage at the unit-
catchment scale. Accordingly, the proposed downscaling approach is most suitable for confined-
to-moderately confined floodplains, where flood storage is primarily controlled by topography and
levees. We now explicitly state this in the limitations section. This clarification is intended to help
readers understand the spatial scale for which the assumptions of aggregated floodplain storage
remain valid, rather than to suggest universal applicability.

Changes made in manuscript:

Section 4, lines 499 - 503

Reply: We thank the reviewer for the comment. Annual maximum flood volumes were extracted
directly from the simulated daily flood storage time series by selecting the single largest flood
storage value for each simulation grid (unit catchment) within each hydrological year. This ensures
that the peak floodplain-filling state is captured, regardless of whether it occurs on the rising or
falling limb of the hydrograph. This procedure was described in detail in the Supplementary



Material (Section S1, Frequency Analysis) and is now briefly highlighted in the main manuscript
section 2.

Changes made in manuscript:

Section 2, lines 95,96

Specific Comments:

Reply: We have updated the wording by replacing “high” with “large” and clarified the
interpretation by adding representative return periods.

Changes made in manuscript:

Abstract, lines 27, 28

Reply: We have spelled out General Circulation Model (GCM) at its first use in the introduction.
Changes made in manuscript:

Section 1, line 65

Reply: We added a brief clarification in the first paragraph of section 2.3, explaining why the
Khanh et al. (2025) levee dataset was selected, highlighting its spatial consistency, suitability for
large-scale modelling, and relevance for potential global application. This choice was made to
prioritise methodological consistency and transferability over local optimisation.

Changes made in manuscript:

Section 2.3, lines 145 - 148



Reply: We clarified in section 2.3 that the design return periods used to estimate levee heights
represent target protection standards rather than exact overtopping thresholds due to the
presence of freeboard. This clarification is intended to prevent readers from directly equating
design return periods with overtopping probabilities.

Changes made in manuscript:

Section 2.3, lines 176, 180

Reply: We have updated the x-axis of Figure 3 to clarify the storage volume scale and improve
clarity without changing the underlying data.

Changes made in manuscript:

Fig. 3 (Left panel)

Reply: We have updated the caption of Figure 4 to reflect better the scenarios represented in the
schematic.

Changes made in manuscript:

Caption of Fig. 4

Reply: We have revised the wording to avoid the term “flood control” and to better reflect the role
of levees in influencing flood inundation patterns.

Changes made in manuscript:

Section 3.1.1, line 293

Reply: We consistently use the term ‘without levee’ to refer to simulations without flood protection,
and have replaced all occurrences of ‘natural scenario/case/simulation’ accordingly in the text and
also in the figures.



Changes made in manuscript:
Line 303, 314, 326, 369, 373, 383, 388, 396, 549

Reply: We replaced the phrase “significantly reduced” with "considerably reduced”.
Changes made in manuscript:

Line 378

Reply: We revised the text to clarify that the results reflect the effect of levee parameterization
rather than the structural performance.

Changes made in manuscript:

Section 3.2; Line 391

Reply: We rephrased the sentence to improve its clarity. The message is that the levees matter
a lot below/around design RP, and progressively less at very high RPs.

Changes made in manuscript:

Section 3.2; Line 391 - 394

Reply: We clarified the text to link the representative example shown in Fig. 8 with the additional
supporting figures provided in the Supplementary Material, thereby substantiating the discussion
of spatial variability while avoiding repetition of similar kind of figures in the main manuscript.

Changes made in manuscript:

Section 3.2, Line 396 - 397



Reply: The reported “flood attenuation” refers specifically to a “reduction in simulated flood
volume”. We rephrased it in the manuscript.

Changes made in manuscript:

Section 3.4, Line 448 - 449

Reply: We clarified that although levee confinement can locally raise water levels (particularly,
where the effective flow width is reduced) even when total flood volume is reduced, the analysis
presented in section 3.4 focuses on volumetric responses within levee-protected grids and does
not imply reduced flood hazard in neighbouring non-levee areas. This clarification is intended to
avoid misinterpretation of volumetric flood attenuation as a reduction in flood hazard outside
levee-protected areas.

Changes made in manuscript:

Section 3.4, Line 450 — 452



REPLY TO REFREE COMMENTS
RC3: Jacob Schewe

General Comments:

Reply: We thank the reviewer for this positive and constructive assessment of our work. In
response to the reviewer’s suggestions, we have revised the manuscript to improve the clarity of
the methodological description and strengthen the presentation of key figures.

Detailed comments

Introduction, Methods:

Reply: We clarified that goals (a) and (b) build on the levee schematization framework of Zhao et
al. (2025), using levee data from Khanh et al. (2025), and are treated as prerequisites. We
explicitly state that the main contribution of this study is goal (c), the levee-aware volumetric
downscaling and its application to high-resolution flood hazard mapping in Japan. This
clarification is intended to help readers distinguish clearly between the foundational levee
schematization work and the new downscaling contribution introduced in this study.

Changes made in manuscript:

Section 1; Line 78 -80

Reply: We defined the term “levee distance” at its first occurrence to clarify its meaning.
Changes made in manuscript:

Section 2.3; Line 150 -151



Reply: We clarified that the geometric definition of levee parameters follows Zhao et al. (2025),
while their conceptual role in storage partitioning is illustrated schematically later in the Methods
section 2.4.1

Changes made in manuscript:

Section 2.3; Line 161 -163

Reply: We defined rivlen in the manuscript as the CaMa-Flood/CaMa-Map river channel length
parameter and clarified that Eq. (1) follows the unit-catchment sub-grid parameterization, which
remains applicable for complex river and catchment geometries.

Changes made in manuscript:

Section 2.3; Line 164 -166

Reply: We revised the text to remove the vague reference to an internal literature review and
instead explicitly describe the compilation of basin-specific design return periods from official river
maintenance plans and design standard documents published by MLIT and relevant prefectural
governments.

Changes made in manuscript:

Section 2.3; Line 169 -173

Reply: We clarified that each river basin has a single officially designated design return period in
the management plans, which was directly adopted as the representative return period used in
this study.

Changes made in manuscript:

Section 2.3; Line 174 -178



Reply: We corrected the typo and replaced the word “frequent” with “frequency”
Changes made in manuscript:

Section 2.3; Line 184

Reply: As clarified in the manuscript, and consistent with Zhao et al. (2025), we apply frequency
analysis directly to annual maxima of CaMa-Flood simulated river water depth. Because annual
maxima were extracted from a 41-year simulated time series, the resulting depth extremes
naturally include both in-channel and overbank (floodplain) conditions, which are consistently
reflected in the frequency analysis. This choice was made deliberately because river water depth
is directly linked to levee crest heights, making it the most relevant variable for estimating levee
exceedance conditions within the modelling framework.

Changes made in manuscript:

Section 2.3; Line 184, 185

Reply: We explained that “spatial changes” refer to unit-catchment-wise percentage differences
in design-return-period flood depth between successive iterations, and that the “localized peak”
denotes the maximum of difference in successive iterations.

Changes made in manuscript:

Section 2.3; Line 191, 193

Reply: Levee fractions are estimated earlier in the Methods section using Eq. (1) and explained
in detail. The paragraph here focuses on the iterative adjustment of levee heights, while the levee
fraction estimation itself remains unchanged throughout the iterations.

Reply: The manuscript has been revised to remove the term “low-lying” and to explicitly state that
storage is allocated to grid cells inside the levee with elevations below the levee crest.



Changes made in manuscript:

Section 2.4; Line 222, 223

Reply: We thank the reviewer for this insightful comment. An inherent advantage of the volumetric
downscaling approach used here is that it preserves flood storage explicitly, rather than inferring
inundation solely from water depth. Because the downscaling operates directly on simulated flood
volumes, it ensures strict volumetric consistency while naturally accounting for non-linear
storage—depth behaviour, both below and above bankfull conditions. In the absence of levees,
the method reduces to a terrain-controlled volumetric redistribution over the unit catchment and
therefore already reflects natural topographic controls on inundation. A systematic comparison
with depth-based downscaling methods is beyond the scope of the present paper, whose primary
objective is to demonstrate a levee-integrated extension of a storage-consistent framework. This
discussion is included to clarify the conceptual behaviour of the method, rather than to claim
superior performance over depth-based approaches in non-leveed settings.

Changes made in manuscript:

Section 2.4; Line 211, 213

Reply: Figure 2 serves as a conceptual schematic to demonstrate the elevation-sorting procedure
described in the text and formalised in Eq. (2), rather than a spatial map of inundated area. The
physical areas are represented quantitatively in Eq. (2), while Fig. 2 visualises the sorting logic
utilised in the calculation.

Reply: In Eq. (3), the variable k denotes the index of sequential water surface levels, which are
determined by sorting high-resolution floodplain elevations within each unit-catchment. Each
difference (hy - hy_;) indicates a small increase in water level, and the summation calculates the
corresponding volume of stored water by multiplying this increase by the flooded area at that level.
While it is possible to sum vertical water columns for each grid cell as an alternative, the horizontal
slicing method used here is more intuitive for developing a continuous depth—storage relationship.
This approach aligns directly with the physical process of water level rise, ensures a monotonic
storage curve, and matches the storage—elevation formulation in CaMa-Flood. Consequently, it is
both reliable and computationally efficient for large-scale applications.



Reply: Equation (3) is the formulation used in the algorithm and represents a discrete finite-
difference approximation of the continuous integral expressed in Eq. (4), which is shown for
conceptual clarity. The depth—storage relationship is constructed directly from the discrete
elevation levels (hy) derived from the sorted high-resolution topography. Because these elevation
levels are closely spaced, the resulting depth—storage curve is already well resolved, and further
interpolation is generally minimal. Linear interpolation is only applied when a target storage
volume falls between two adjacent discrete levels, in order to estimate the corresponding water
surface elevation.

Reply: No overflow to neighboring unit catchments occurs at the downscaling stage. The
downscaling procedure operates on flood volumes simulated by CaMa-Flood at the coarse-
resolution grid level, and each simulated volume is redistributed strictly within its corresponding
high-resolution unit catchment. This is done intentionally to maintain consistency with the CaMa-
Flood model formulation, in which lateral exchanges between unit catchments are already
resolved during the hydrodynamic simulation. The downscaling step therefore does not introduce
any additional cross-catchment flow; instead, it redistributes the simulated storage locally within
each unit catchment while preserving the original mass balance.

Reply: catmz100 is a CaMa-Flood high-resolution map parameter that represents the relative
pixel position within a unit catchment, normalized from 0 to 100. It is used here to classify pixels
as inside or outside the levee based on the levee fraction.

Changes made in manuscript:

Section 2.4.2; Line 279, 280

Reply: The ambiguous '~' symbol in Eq. (6) has been replaced with an explicit inequality to clearly
define outside pixels as the complement of inside pixels.

Changes made in manuscript:

Section 2.4.2; Line 282



Results:

Reply: We thank the reviewer for the suggestion. We intentionally kept this paragraph at the
beginning of Section 3.1.1 to briefly summarise the key findings before presenting the detailed
regional results and quantitative comparisons that follow. This helps guide the reader through the
subsequent analysis. The main outcomes are also synthesised at a broader level in the
Conclusions section, and therefore, we did not move this text.

Reply: Definitions of the evaluation metrics have been added at their first occurrence in Section
3.1.1. Specifically, brief explanations of Intersection over Union (loU), Flood Bias Index (FBI),
recall, precision, and accuracy are now provided to clarify how model performance is assessed
in the flood-extent comparisons.

Changes made in manuscript:

Section 3.1.1; Lines 303, 304

Reply: The ambiguous term “upper half” has been rephrased with “northern part of the region [b]”
to indicate the spatial reference clearly.

Changes made in manuscript:

Section 3.1.1; Line 321

Reply: We thank the reviewer for this question. The one-in-1000-year rainfall events referenced
here are not derived in this study. They originate from the official City flood hazard maps, which
are produced by local and national authorities. These hazard maps are based on design rainfall
scenarios defined by the municipality, typically derived from long-term rainfall observations using
frequency analysis in accordance with governmental flood-management guidelines.

Changes made in manuscript:

Section 3.1.2; Lines 348, 349

Reply: Thank you for the clarification request. The reference to a design level of “around 100
years” in this paragraph is specific to the Chikuma River case shown in the example figure, for
which the official river protection standard is 100 years. We did not intend to imply that a 100-year



design level is uniform across Japan; design return periods vary by river and management
authority. The text has been clarified to make this case-specific.

Changes made in manuscript:

Section 3.1.2; Line 354

Reply: Region [a] and Unit Catchment A refer to different spatial scales and are related
hierarchically. Region [a] denotes a reach-scale validation area used in Section 3.1 and consists
of multiple CaMa-Flood unit catchments. In contrast, Unit Catchment A is a single CaMa-Flood
unit catchment selected in Section 3.2 to illustrate the fine-scale effects of levee integration on
inundation depth and extent. The levee fraction value (e.g., 0.39 for Unit Catchment A) is a model
parameter representing the fraction of the unit catchment located inside levees and is therefore
not directly visualised in Fig. 7. Instead, Fig. 7 shows the physical levee lines and the resulting
inundation patterns. The influence of the levee fraction is reflected implicitly through the reduction
in inundated area.

Reply: Figure 7 is intended to illustrate the local effect of levee integration at the unit-catchment
scale, rather than to provide an additional observational validation. While observed inundation
extents are available at reach and basin scales (Figs. 5 and 6), they are not consistently available
at the scale of individual CaMa-Flood unit catchments. Fig. 7 presents a relative comparison
between with-levee and without-levee simulations for the same event and location, isolating the
impact of levee parameterization while keeping all other factors unchanged. Quantitative
validation against observations is therefore performed at the appropriate spatial scales in Figs. 5
and 6. This framing is intended to isolate the methodological effect of levee parameterization
rather than to replace observational validation performed at larger spatial scales.

Reply: We agree that assessing reductions in population or asset exposure due to levees would
be valuable. However, this study focuses on developing and evaluating a levee-integrated flood
hazard mapping framework, rather than a full risk or exposure analysis. Such assessments
require additional population and asset datasets and assumptions, and are therefore left for future
work.



Reply: Thank you for the clarification request. The text has been revised to clarify that levees
continue to reduce flood extent compared to the without-levee scenario even at high return
periods, but their effectiveness diminishes beyond the design return period (~100-year). Therefore,
levee effects remain but become gradually weaker. This clarification is intended to prevent
interpreting levee effectiveness as binary, and instead to highlight its gradual reduction with
increasing event magnitude.

Changes made in manuscript:

Section 3.2; Lines 390 - 394

Reply: The expansion into urbanised areas is intended as a qualitative description based on the
background street map, not a quantitative land-use analysis; we have revised the text accordingly
to avoid over-interpretation. Regarding the nonlinear increase in flood magnitude and extent, this
is reflected in Fig. 9 through the depth-class area summaries shown in the text boxes. These
indicate a disproportionate increase in both total flooded area and higher-depth classes between
RP 10 and RP 100, supporting the statement of nonlinear growth even though RP > 100 cases
are not shown in this figure.

Changes made in manuscript:

Section 3.3; Lines 415 - 416

Conclusions, Limitations:

Reply: The reference to nonlinear growth beyond RP 100 is based on the progression of
inundation area and depth classes discussed in the Results section (Fig. 9 and associated text).
We have revised the conclusion to clarify that flood extent increase markedly up to RP 100, with
indications of nonlinear behaviour inferred from higher-depth class expansion, rather than
presenting it as a directly demonstrated result beyond RP 100. This revision was made to ensure
consistency between the strength of the conclusion and the evidence explicitly shown in the
Results.

Changes made in manuscript:

Section 5; Lines 525 - 527

Reply: We have rephrased the sentence and added a supporting reference in the Limitations
section to substantiate the statement that estimating high return periods from limited sample
lengths can lead to increased uncertainty and potential over- or under-estimation



Changes made in manuscript:

Section 4; Lines 476 - 477

Figures:

Reply: Levee fractions and heights are computed only for river-adjacent unit catchments where
levee features are detected in the levee inventory. White (blank) areas in Fig. 1 indicate unit
catchments where no levee data are assigned and which are therefore treated as natural/without-
levee cells in the CaMa-Flood simulation. Flooding in these areas follows the natural model
dynamics. We have clarified this in the figure caption.

Changes made in manuscript:

Fig 1 caption

Reply: Figure 1 is intended to illustrate the parameterisation step of levee fraction and levee
height at the CaMa-Flood simulation grid (1-arcmin) scale, and therefore shows a representative
river reach rather than the validation sub-regions shown in Fig. 5. Figure 5, in contrast, presents
downscaled inundation results at 1-arcsecond resolution for selected validation areas (insets a
and b). Because these figures serve different purposes and operate at different spatial resolutions,
a direct spatial overlap is not required. Levee structures influencing regions a and b are implicitly
accounted for through the levee parameters derived at the simulation-grid scale and applied
during downscaling. Adding explicit levee overlays to Fig. 5 would reduce clarity without adding
new information beyond what is already conveyed by the levee-integrated results.

Reply: We revised the caption of Fig. 2 to clarify that it is a schematic example with an illustrative
number of high-resolution grid cells, to define the dashed line as an example water level h;, and
to explain flddif as the CaMa-Flood high-resolution elevation-above-channel parameter.

Changes made in manuscript:

Fig 2 caption



Reply: Thank you for pointing it out. The vertical axis in Fig. 3 represents the water surface level
inside the levee (river-side), which governs the hierarchical filling process. As described in Section
2.4 and Section 2.4.2, storage is first filled inside the levee up to the levee crest; only after this
threshold is exceeded, outside-levee storage begins to fill. We have clarified this hierarchy
explicitly in the figure caption to avoid misinterpretation.

Changes made in manuscript:

Fig 3 caption

Reply: Thank you for the comment. We confirm that “neutral” was a typographical error and has
been replaced with “without-levee” throughout the manuscript to maintain consistency. The
narrow band of apparent overestimation in region [a] corresponds to the Asa River, which is a
permanent water body. In the observational inundation dataset, permanent water bodies are
masked out, whereas in the simulated inundation maps, this narrow river is retained. This
mismatch leads to a localised overestimation along the Asa River in the comparison. We have
clarified this point in the figure caption. No additional masking was applied to the simulated results
to maintain consistency with next figure 6.

Changes made in manuscript:

Fig 5 caption

Reply: We agree that the term “observed” was inappropriate in this context. The figure caption
has been revised to replace “observed inundations” with “city hazard map extent,” clarifying that
the comparison is made against a scenario-based reference hazard product rather than direct
observations.

Changes made in manuscript:

Fig 6 caption



Reply: Thank you for pointing this out. We have swapped the levee and without-levee panels in
Fig. 7 to ensure consistency with Figs. 5 and 6.

Changes made in manuscript:

Fig 7

Reply: Thank you for the comment. We inserted labels for two regions [a] and [b] in the titles of
subpanels, making it consistent with the Fig 5

Changes made in manuscript:

Fig 9; title of subpanels

Citations/references:

Reply: Thank you for pointing it out. We have corrected the reference in the text to Kimura et al.
(2023)

Changes made in manuscript:

Section1; Line 46

Reply: Thank you for highlighting it. We removed Mester et al. (2023) from the reference list
Changes made in manuscript:

References; Line 624-625



