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Response: Section 2.1 of the revised manuscript has been substantially
expanded to include detailed model validation. This includes the calibration
process of the InfoWorks ICM 1D-2D coupled model, Figures 1-2
(comparison between simulated and observed pipe flow), and a newly added
validation table presenting quantitative results for three observed rainfall
events (including NSE, peak flow error, and runoff volume error). The original
Section 2.2 retains the explicit statement that NSE > 0.5. The model parameter
calibration (e.g., roughness and soil conditions) and validation metrics are now
fully presented.
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Response: Section 2.1 of the revised manuscript now clearly states that the
Chicago rainfall pattern was adopted. Based on the historical rainfall
characteristics of the study area, ten typical rainfall events with different return
periods were generated. The rainfall duration was fixed at 30 hours, and the
peak coefficient was set to 0.4. Figure 3 presents the superimposed curves of
these ten rainfall events.



In addition, a clarification has been added: “The current setup is designed to
favor controlled comparisons. The objective is to isolate the effects of dataset
length and rainfall intensity distribution on model performance, while
avoiding additional confounding factors introduced by variations in rainfall
duration.”
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Response: The revised manuscript clearly states in the Abstract that a Long
Short-Term Memory (LSTM) network is adopted as the unified baseline
sequence prediction model, due to its widespread use and well-validated
performance in hydrological time series prediction. The original Highlights
and Section 2.4 also emphasize that it was “chosen for its widespread adoption
and proven performance in hydrology,” and further note that the insights
derived are informative for other sequence models as well.

Revision approach: If a comparison with a multilayer perceptron (MLP) is
required, an additional sentence can be incorporated in the discussion of a
future version: “Compared with lighter MLP models, LSTM has a stronger
capability to capture long-term dependencies. Therefore, this study prioritizes
LSTM as the baseline to maintain consistency with mainstream hydrological
literature.”
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Response: Section 2.3 of the revised manuscript (Sections 2.3-2.5) fully introduces a
5-fold cross-validation strategy. For each dataset configuration (including data length,
feature combinations, and rainfall categories), stratified random sampling is
performed independently. The results are reported in the form of mean + standard
deviation.
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Response: The model output has been standardized as “inundation area (Y),” and the
notation system as well as the definitions of evaluation metrics have been unified.
Regarding content redundancy (e.g., rainfall descriptions), the sections on rainfall
generation and experimental setup have been consolidated and streamlined, with
duplicate descriptions removed and the rainfall construction process consistently
presented in the Methods section.

To address missing key information (i.e., generalization assessment), additional
experiments have been incorporated to compare training—testing performance across
different rainfall intensity categories. The evaluation of generalization ability is
explicitly defined based on NRMSE and R? metrics.

Regarding inconsistent notation, the symbol system has been fully standardized. All
related expressions have been carefully reviewed line by line, with errors corrected
and inconsistencies resolved to ensure alignment between equations and textual
descriptions, and overall consistency throughout the manuscript.
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Response:

1.

Insufficient justification of dataset construction / unclear experimental
design: The revised manuscript systematically supplements the dataset
construction process in the Methods section. The design logic of data length,
feature combinations, and rainfall categorization is clearly explained, with
emphasis on the controlled variable principle.

Lack of a clear comparison framework among different dataset
configurations: A comprehensive comparison framework has been
established through a multifactor experimental design (data length x feature
combinations X rainfall categories), and the results are analyzed systematically
in the Results section.

Overly empirical interpretation of experimental results: A multivariate
analysis of variance (MANOVA) has been introduced to quantitatively
evaluate the significance and contribution of different factors, thereby
strengthening the statistical support of the result interpretation.

Insufficient analysis of the causes of model performance differences: A
mechanism-oriented analysis has been conducted by integrating data scale,
feature complexity, and rainfall distribution differences to explain the variation
trends in NRMSE and R2.
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Response: The revised manuscript clarifies that the rainfall intensity range is
constructed based on design storms (IDF curves), with the aim of covering
medium- to high-intensity rainfall scenarios to highlight urban inundation
response characteristics, rather than to represent the full rainfall frequency
distribution.

Low-intensity rainfall scenarios (e.g., < 20 mm/h) are not included in this
study. This is primarily because such rainfall events typically do not trigger
significant urban inundation responses in the study area, and therefore have
limited relevance to the research objectives.
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Response: The revised manuscript includes additional descriptions of the
calibration and validation of the hydrodynamic model, along with analyses of
simulation results from multiple rainfall events, in order to improve the
demonstration of model reliability. The sources of model output variables (e.g.,
inundation area and flow) have also been clearly specified.

A Nash—Sutcliffe Efficiency (NSE) value of 0.5 indicates a moderate level of
agreement between the model and reference data, which is generally
considered an acceptable performance level in large-scale urban hydrological
simulations. For high-intensity rainfall events, further analyses of system
response characteristics have been conducted to identify potential saturation
effects and nonlinear hydrological processes.

Although certain simplifications exist, the model is capable of capturing the
key dynamics of the rainfall-runoff process, and is therefore adequate for
supporting the development and evaluation of the data-driven models in this
study.
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Response: The revised manuscript clearly distinguishes between “dataset
sequence length (sample size)” and “LSTM time steps (time window),” and
provides separate definitions and explanations for each concept.
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Response: The symbol ¢ here refers to the expression in the Chicago design
storm formula, rather than representing flow.
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Response: In the revised manuscript, all formula references have been
standardized to explicit numbering, with clear correspondence to specific
figure numbers or equation numbers.
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Response: The revised manuscript clearly defines “total precipitation” as the
cumulative rainfall over the entire duration of a rainfall event, and this has
been explicitly clarified in the variable definition section.
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Response: The revised manuscript supplements the descriptions related to the
equations, emphasizing that the model inputs are time series data, thereby
reflecting the temporal dependency of the system.
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Response: The Methods section has been supplemented to clarify that the
outputs of the hydrodynamic model are transformed into surface inundation
area through spatial statistical processing, which is then used as the prediction
target for the deep learning model.
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Response: The revised manuscript clearly specifies the data time step (e.g.,
minute-level resolution) and the duration of each rainfall event, and further
supplements the number of events corresponding to different rainfall patterns.
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Response: After introducing random sampling and k-fold cross-validation
across the entire dataset, the independent test set has been removed. Model
performance is now evaluated based on cross-validation results, ensuring
robustness and reducing sampling bias, rather than relying on a fixed 8:2
train—test split.
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Response: The revised manuscript clarifies the number and classification of
rainfall events, explicitly stating that different numbers of flood events are
used to construct variations in dataset size, rather than to directly represent
actual urban rainfall frequency. In addition, it is specified that rainfall intensity
is generated based on the Chicago design storm (IDF curves), in order to cover
a range of rainfall scenarios.
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Response: The Abstract has been revised to include the rationale for adopting
LSTM in time series modeling, highlighting its advantage in capturing the
lagged relationship between rainfall and runoff.
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e Response: The revised manuscript provides additional details on the model
training process, explicitly specifying key parameters such as the number of
epochs, batch size, and learning rate. It also clarifies that model selection is
based on validation performance, which helps mitigate the risk of overfitting
to some extent.

o In addition, the revised version softens the original direct attribution to
“overfitting,” instead explaining performance degradation more in terms of the
mismatch between data scale and feature complexity.
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Response: The revised manuscript standardizes the NRMSE formulation by explicitly
using the mean of the target variable (inundation area, ) as the normalization basis
(i.e., mean), and removes previously inconsistent or undefined symbols (e.g., ). In
addition, the description of the metric has been revised to ensure consistency with the
study’s target variable (inundation area).
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Response: The revised manuscript further clarifies the rationale for selecting the
LSTM model, emphasizing its advantage in handling time series problems (i.e., the
rainfall-inundation evolution process) and its ability to capture temporal
dependencies. Training time is included as one of the evaluation metrics primarily to
compare the impact of different dataset configurations on model efficiency, rather
than to assess performance differences between model types.

Although multilayer perceptrons (MLPs) may offer higher training efficiency, they are
less effective in capturing the temporal dependency characteristics inherent in the
rainfall-inundation process. Therefore, this study prioritizes the use of the LSTM
model, which is better suited for modeling time-dependent relationships.
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