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We sincerely appreciate the editor's and reviewers' efforts and extensive comments on our
manuscript. We believe that the feedback has enabled us to further clarify and enhance our
manuscript. Our responses to the comments are provided below. The modifications were
highlighted in the manuscript.

Best Regards,
Authors

Response to Reviewer 2

We appreciate Reviewer 2 for their positive and constructive feedback. All comments have
been thoroughly evaluated, and the manuscript has been revised accordingly. The following
section outlines the point-by-point responses and specific modifications.

1- First, I think the research purpose of the entire article is not clear enough, and the superiority
of the 2-D model is not demonstrated. In Line 309, the paper mentions that “two-
dimensional modelling is considered a solution for evaluating flood problems concerning
infrastructure.” However, there is a lack of comparison with 1-D modelling.

Response:

We have completely restructured the introduction to clarify the research gap and have
conducted a new comparative analysis between 1D and 2D models to quantitatively
demonstrate the superiority of the 2D approach for this specific environment.

1. Revised Text in the Introduction:

A one-dimensional (1D) hydraulic model is unsuitable for accurately representing the flood
dynamics at the Wadi Thuwal and Haramain Train Pathway intersection, as it simulates flow
within a defined channel cross-section. The topographic flatness and poorly defined channel in
this area result in complex, dispersed overland flow, which a 1D model cannot simulate.
Consequently, a 1D approach would be incapable of generating reliable maps of floodwater
depth, velocity, and spatial spread across the infrastructure, which are critical for a rigorous risk
assessment. This fundamental limitation necessitates the use of a two-dimensional (2D) model.

2. New Section Added to the Manuscript (placed in the Results):

3.6. Comparative Analysis: One-Dimensional (1D) vs. Two-Dimensional (2D) Hydraulic
Modelling

A comparative one-dimensional (1D) HEC-RAS model was developed for the 100-year return
period flood event (3120.23 m3/s) to demonstrate the necessity and superiority of the 2D
modelling approach for this study. The 1D model was made using the same LIDAR data and
geometric assumptions as the 2D model, but it was limited to a single, well-defined channel.



The results reveal significant discrepancies. The 1D model predicted a confined floodplain with
a maximum width of approximately 450 meters and an average depth of 6.2 m within the
channel. In stark contrast, the 2D model simulated extensive overland flow, with floodwaters
spreading over a width of up to 2.1 km across the flat terrain approaching the train pathway.
While the 1D model showed deep, channelized flow, it failed to capture the extensive, shallow
flooding (0.4-2.4 m depth) that covers 62.57% of the inundated area around the Haramain Train
Pathway in the 2D simulation (c.f. Figure 16). Furthermore, the 1D model is fundamentally
incapable of producing a velocity map, thus omitting the critical identification of high-velocity
zones (5.4-9.4 m/s) west of the Makkah-Al-Madinah Road (c.f. Figure 17), which are essential
for assessing the scour risk to infrastructure foundations.

This comparison conclusively validates that a 2D modeling approach is not merely beneficial
but essential for accurately assessing flood risk to distributed infrastructure, like railways, in
topographically complex and arid environments where flow is unconfined.

2- Secondly, I think the paper’s understanding of remote sensing is not deep enough. Apart
from satellite imageries, no other remote sensing methods or data are used. Remote sensing
is not just about looking at a satellite imagery. Since this is a study on floods, I think it could
incorporate meteorological remote sensing data to analyze.

Response:

We have reframed the narrative to explicitly highlight LIDAR as a core remote sensing
technology and have acknowledged the potential of meteorological remote sensing, framing it
as a valuable direction for future research.

1. Revised Text in the Abstract and Introduction:

o Abstract: The phrase "remote sensing” now explicitly references the primary data
types: “Remote sensing, (including high-resolution LiDAR and satellite imagery) were
analyzed through GIS.”

e Introduction: A sentence has been added: “In this study, remote sensing is leveraged
not only through optical satellite imagery for land use classification but also, and most
critically, through high-resolution Light Detection and Ranging (LiDAR) data, an active
remote sensing technology that provides the precise topographic model essential for
hydrodynamic simulation.”

2. New Paragraph Added to the Discussion (Section 4):

While this study utilized high-quality rain gauge data, the integration of meteorological remote
sensing represents a promising avenue for enhancing future work. Satellite-based precipitation
products, such as the Global Precipitation Measurement (GPM) mission's Integrated Multi-
satellite Retrievals for GPM (IMERG), provide spatially continuous rainfall estimates. These
datasets could be particularly valuable for refining rainfall input in data-scarce regions like the
Arabian Peninsula and for analyzing the spatial distribution of extreme storm events that trigger
flash floods.

3- In conclusion, I think this paper requires substantial revision, which is more than a major
revision. | would like to reject the manuscript but encourage resubmission.



Response:

We sincerely appreciate your insightful feedback, which will undoubtedly contribute to the
improvement of the manuscript. We have made every effort to address these comments to the
best of our ability, and we sincerely hope they will align with your expectations. We sincerely
appreciate the opportunity to resubmit the revised manuscript for your consideration.

Other minor revisions:

Line 77: Why does a 1D simulation make it hard to see the depth, speed, and flood spread?
Could you please explain the reason?

This has been comprehensively addressed in the response to Major Comment 1 above. The
revised text now provides a clear, technical explanation.

Figure 2: There are many disputed borders. As a geoscience academic paper, it should not be
involved in politics. | suggest that the authors remove all international borders outside Saudi
Arabia, and all country name labels. In addition, the name of Qatar is misspelled; it is not
“Qater.” However, I recommend removing all country name labels to avoid controversy. Just
focus on geoscience.

We have remade Figure 2 in its entirety to remove all international borders and country names
outside Saudi Arabia, focusing solely on the geoscience.

Line 179: Regarding the Geometric Hydrological Model mentioned in the paper, what input
parameters are included? Over what length of time series is the simulation performed?

We have added specific technical details to Section 2.2.2.

The HEC-HMS model was configured with the Soil Conservation Service (SCS) Curve
Number method for rainfall losses, the SCS Unit Hydrograph method for transform, and the
Muskingum method for channel routing. Key input parameters included the soil and land-use
based Curve Number (CN) grid, the lag time for each sub-basin, and the Muskingum K and X
routing coefficients. The model was driven by design storm hyetographs for return periods of
10, 20, 50, and 100 years, and each simulation was run for a 72-hour period to fully capture the
hydrograph's rise and recession.

Line 193: What the unit “1.87” specifically represents? Is it a converted index or a
dimensionless parameter?

It is dimensionless parameter.



Line 203: Does this report have a citation? Which year of the IPCC report is this conclusion
based on? Why was the most extreme scenario (RCP 8.5) chosen?

We have completely restructured the first paragraph in section 3.2 (Characteristics of rain
affecting the study area).

The report on Saudi Arabia’s climate state in 2050, which highlighted seven climate models,
served as the basis for this study (McCabe MF, 2023), which projects future climate based on
IPCC assessment frameworks (Intergovernmental Panel on Climate Change (IPCC), 2023). The
high-emission scenario (RCP 8.5) was selected for this resilience study as it represents the most
conservative (i.e., worst-case) planning scenario, allowing us to stress-test the infrastructure
against the most severe anticipated hydrological conditions. In other words, the scenario (RCP
8.5) assumed the highest rate of change in the expected rainfall in 2050, representing 19% of
the total expected rainfall.

Line 251: Please briefly introduce the frequency ratio (FR) model and the Shannon’s entropy
(SE) model, especially their scope of application.

The section (3.7. Validation of Flood Risk Models) was modified as follows:

This study uses statistical and spatially intensive fieldwork to validate spatiotemporal flood
simulation estimates and compare historical flood events in the studied area to current models.
Most prevalent and trustworthy in this sector are the frequency ratio (FR) and Shannon's
entropy (SE) models (Jaafari et al., 2014; Sahana and Patel, 2019). The Frequency Ratio (FR)
IS a bivariate statistical model that evaluates the correlation between the spatial distribution of
flood occurrences and each contributing factor by calculating the ratio of the area affected by
flooding to the total area. Shannon's Entropy (SE) measures the degree of disorder and the
effective information content transmitted through the relationship between flood inventory and
causative factors. Both are well-known and reliable ways to test how well flood hazard models
can predict what will happen. The model verification results, FR and SE, show that
spatiotemporal modelling of the Wadi Thuwal flood is 89% successful and 99% dependable.
Figure 18 shows how this prominent level of verification and reliability verifies Wadi Thuwal's
spatiotemporal modelling.

Line 253: This paragraph is unclear. Under what circumstances was the hydraulic analysis
carried out? How can these analyses verify the results of the two-dimensional spatiotemporal
modeling?

A paragraph has been added for further clarification.

The capacity of the existing 23 culverts and 2 bridges was analytically assessed under the
simulated 100-year peak flow condition. The finding that the model-predicted flow distribution
perfectly aligns with the geographical placement of these structures and that their combined
design capacity successfully conveys the modelled peak discharge without overtopping the
railway embankment provides powerful physical evidence that the 2D spatiotemporal model
accurately replicates the real-world flood dynamics and the engineered response to it.



We are confident that these comprehensive revisions have effectively and thoroughly addressed
your concerns, significantly enhancing the scientific contribution and methodological
transparency of the manuscript. We sincerely appreciate your thorough review, which has
significantly contributed to enhancing our efforts.

The modifications were highlighted in green within the text of the revised manuscript.



