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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 1

We sincerely thank Reviewer 1 for their positive and constructive feedback. We have carefully
considered all comments and have revised the manuscript accordingly. The point-by-point
responses and specific modifications are detailed below.

1- Manuscript Title: The manuscript title is too long and should be more concise. For example,
Hydrodynamic Modeling and Remote Sensing for Flood Risk Modeling in Wadi Thuwal
Basin or Flood Risk Modeling of the Haramain Train Pathway in Wadi Thuwal Basin.

Response:
We have shortened the title as suggested to enhance conciseness and impact.

Revised Title: Flood Risk Modelling for the Haramain Train Pathway in Wadi Thuwal Basin

2- Abstract: The authors did a fine job of providing context for their study however, did not
provide sufficient justification for the problem of flooding affecting the Haramain train
pathway. For example, did the Haramain train pathway experience past or recent floods?
Are floods anticipated in the future and why? | think providing some justification would
strengthen the abstract.

Response:
We have added a sentence to the abstract to provide justification for the study's focus.

The Haramain Train Pathway, an essential transportation connection between the holy cities of
Makkah and Al-Madinah, intersects the Wadi Thuwal basin at its outlet. This watershed has a
history of producing destructive flash floods, and this risk is exacerbated by the area's arid
hydrology, anticipated increases in rainfall intensity due to climate change, and the
consequences of service disruption.



3- Introduction: The introduction is well-written, and | only have a minor suggestion regarding
the structure. I suggest the author cut lines 67 to 75 and include in the introduction’s opening
paragraph to set precedence and background on the issues of flooding in the Wadi Thumal
Basin before other literature discussions. The authors can close the introduction with the
objectives or goals of what they intend to achieve for their work. Additionally, labeling of
the figures in Figure 1 is suggested, e.g. A and B with train views explained.

Response:

- We have restructured the introduction to improve the logical flow. The paragraph
describing the specific problem in Wadi Thuwal has been moved forward to provide
immediate context after the global overview.

- We have added a dedicated concluding paragraph that clearly states the study's
objectives.

New Paragraph at the End of the Introduction:

The study's goals are to create, test, and analyse a two-dimensional simulation of the Wadi
Thuwal flood that affects the Haramain Train Pathway and to find out how well the existing
floodwater drainage systems in the culverts and bridges below the pathway can handle high
flows. In other words, the overarching aim of this study is to develop a comprehensive flood
risk assessment for the Haramain Train Pathway where it crosses the Wadi Thuwal basin. The
specific objectives are: (1) To develop, calibrate, and validate an integrated hydrological (HEC-
HMS) and two-dimensional hydraulic (HEC-RAS) model for the Wadi Thuwal basin; (2) To
simulate and map the spatiotemporal characteristics of flood hazards—including depth,
velocity, and extent—for various return periods (10, 20, 50, and 100 years); (3) To evaluate the
adequacy and performance of the existing hydraulic installations (culverts and bridges) beneath
the train pathway in safely passing the design flood discharges; and (4) To provide evidence-
based recommendations for flood risk mitigation and infrastructure protection. Using
hydrodynamic modelling, we will integrate RS and GIS to develop strategic recommendations
aimed at mitigating and protecting the study area from torrential rains. Different satellite images
were used to compare the changes in land uses and land cover during floods, and the modelling
was built using high-resolution LIDAR data. Version 6.1 of the hydraulic model for Geological,
Soil, and HEC-RAS can generate 1D and 2D models to replicate torrents' stable or time-varying
movement.

- We have modified Figure 1 to include labels and a more descriptive caption.

(@) (b)
Figure 1. The Haramain Train Pathway and its hydraulic installations: (a) an elevated bridge section of the pathway
crossing the wadi landscape; (b) a culvert designed to channel floodwaters beneath the railway.



4- Materials and methods: Was there a reason why the authors used both the LiIDAR-derived
DEM and a topographic map? One would imagine that the LIDAR-derived DEM would be
sufficient for the study because the LIDAR-derived DEM is in 3D and offers more detail.
Also, other terrain geomorphometric parameters can be derived.

Response:

We have added a justification in Section 2.2.1 to clarify the distinct roles of each dataset.
Added Text in Section 2.2.1 (Data Sources):

The high-resolution (50 cm) LiDAR-derived DEM served as the primary data source for
topographic representation and the construction of the two-dimensional hydraulic model,
providing the necessary detail for accurate flood simulation. The 1:50000 topographic maps
were used complementarily for georeferencing, validating the delineation of the basin and sub-
basin boundaries, and providing cultural context during the initial GIS processing phase.

5- Results: In the validation section, did the authors compare the model results to existing
flood hydrographs or other accurate measured/observed related parameters within the
basin? An example is comparing the model flood depth to measured flood depth or
comparing model flow/discharge within the area of interest to measured/observed
flow/discharge within the basin. I suggest the authors clarify this in their manuscripts as the
sources of data validation weren't clearly mentioned.

Response:

We have significantly revised the validation section to be transparent about data scarcity and to
explicitly describe our multi-faceted validation strategy.

2.2.4. Calibration of Hydrological and Hydraulic Models:

Modelling is a process of simulating natural phenomena as much as possible, so different
scenarios can be anticipated, and practical solutions developed. Any model depends primarily
on three basic elements: inputs, outputs, and coefficients. Inputs are the data used in a model's
calculations. These are typically measurements of nature or values derived from other sources
that remain unchanged during the analysis. Outputs refer to the results deduced from calculating
the equations carried out by the model, whose values are compared with the existing values in
nature to verify the accuracy of the model. If the outputs don't match the area's nature values,
we adjust the coefficients. This process ensures consistency in the results, guarantees modelling
accuracy, and verifies the outputs' conformity using the root mean square error equation.

Before running the simulation and verifying the results, the hydrological and hydraulic models
were calibrated to derive the parameters used in predicting the different return periods.

A major challenge is that most of the dry valleys in Saudi Arabia, such as Wadi Thuwal, lack
gauging due to the absence of hydrometric stations. Because the Wadi Thuwal basin is
ungauged, it was not possible to validate the model against observed streamflow records. A
multi-pronged approach was implemented to ensure model reliability.

Statistical Validation of Susceptibility: The flood hazard model underwent validation through
the application of the Frequency Ratio (FR) and Shannon's Entropy (SE) statistical models.



Infrastructure-based Validation: The model's physical realism was assessed by comparing its
outputs with the existing hydraulic infrastructure. The model's flood pathways and calculated
peak discharge were compared with the design and location of 23 culverts and 2 bridges. Field
Verification: Field surveys were conducted to confirm the model via ground verification. These
tasks involved verifying the geometry of culverts and bridges and inspecting the area for
physical evidence of previous flooding, including sediment deposits and erosion patterns.

6- General observation: Could the authors check the figures, specifically figures 2, 3, 16, 21,
22 to ensure consistency? | suggest the authors check the model maps for accurate
orientation to the Haramain train pathway. In the study area figure (figure 2), the Haramain
train pathway seems to intersect the drainage basin pour point which is west of the map.
However, the modeling results show the drainage basin pour point to be on the opposite
direction which is the east of the map. If this is a zoomed-in version, | suggest the authors
clarify this and if it's a projection error, | suggest the authors should fix it. Also, the authors
should visually show the portion of the basin their simulation or analysis focuses on. Most
readers are most likely unfamiliar with the location and presenting different map scales of
the study area could be confusing especially when the entire Wadi Thuwal basin was not
modeled. I suggest authors be consistent with map scale or show where they’re
hydrodynamic modeling focuses on with respect to the Haramain train pathway.

Response:

We have thoroughly revised all maps to ensure consistency in scale, projection, and focus.

Each scale is clearly illustrated on each map.

We believe these modifications have significantly improved the manuscript's clarity, rigor, and
presentation, and we thank the reviewer again for their invaluable insights.

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



