Response to reviews on manuscript egusphere-2024-3780

We appreciate the insightful comments from the editor and reviewers that have remarkably im-
proved the quality of our manuscript. Please find below:

e our point-to-point responses (Sans Serif font in blue) to reviewer comments (RCs); and

e excerpts of revisions in salmon with a grey background , where necessary.

Response to the Reviewers

Reviewer 1

The manuscript is relevant as it aligns with the research on sewer network data scarcity. The
authors propose a methodology for sewer network reconstruction using a graph-based approach.
The results appear comprehensive and more accurate than other methodologies, such as generating
a virtual network based on road layouts, as proposed in previous studies. Some minor comments
could help improve the manuscript:

Reply: We appreciate your recognition of our work!

RC1.1 In Sect. 2.1, the authors introduce the definition of ”source” (Line 93) but never reuse
it again in the following analysis. Additionally, they also mention terms related to ”inlet” like
”Non-inlet nodes” (Line 118). Do they share the same meaning? If so, please revise the related
sentences for consistency between definition and analysis.

Reply: Thanks for pointing out this typo. The concept of "source” is different from that of "inlet”
where the former is defined by the in-degree and out-degree of nodes and the latter is associated with
a specific semantic of the sewer system. For the topological constraint used in the gravitational flow
direction derivation (Line 118 in the original manuscript), it should use the term of "source” and we
have corrected it as follows (Line 125):

- Eq. 8e: Non-source and non-island nodes must have positive in-degrees (Eq. 4)

RC1.2  For computational efficiency, the authors only use rough words like ”a few minutes”
without the information of specific time statistics and device specification (Line 292). If possible,
please add more related details to offer readers/users clearer insights into the efficiency of algorithm
execution.

Reply: Thank you for your concern about the computational configuration and related efficiency of
our algorithm. We have clarified the time statistics and device specification as follows (Line 266-268):



RC1.3 In Sect. 4.3, the comparison results show that regulation facilities has significant
effects on the results of inundation simulation. Thus, compared to the current comparison between
FSN and RSN, it might be more valuable to consider the possible effects of road-base layout
simplification with controls, given that the location of regulation facilities can be easily identified
by field investigation and then incorporated into the flood model.

Reply: Thanks for your suggestions. We have added the baseline method that uses road-based sewer
reconstruction with regulation facilities (denoted as RSC) in Sect. 3.4 as follows:

According to simulation results, the RSC approach can lead to similar but slighter overestimation
on the maximum inundation depth at points such as P2 (Sect. 4.3, Line 321-323):

In addition, the RSC approach also demonstrates less influence of regulation facilities due to reduced
rainwater flowing into the sewer system (Sect. 4.4, Line 375-379):



When the sewer layout is further simplified by the major roads, the simulated outflows decrease by
approximately 27% due to reduced inlets that collect rainwater into the sewer system. This attribution
can be further supported by the improved alignment of outflow hydrographs between RSN and RSC,
which exhibit fewer truncations during peak flows under regulated conditions when compared to FSR
and FSN. This indicates an alleviation of drainage deficiency due to reduced rainwater inflow.

RC1.4 For Line 144, there might to be an extra ”)”

Reply: Thanks for your advice on paper writing. We have corrected the sentences as follows (Line
150-152):

The objective functions of Eq. 8 and Eq. 9 are expressed as the sum of absolute deviations and can
be further reduced into an equivalent linear form as follows (Giangrande et al., 2013; Wagner, 1959),
thus ensuring their solution efficiency for large-scale applications.

Reviewer 2

The manuscript is relevant as it aligns with the research on sewer network data scarcity. The
authors propose a methodology for sewer network reconstruction using a graph-based approach.
The results appear comprehensive and more accurate than other methodologies, such as generating
a virtual network based on road layouts, as proposed in previous studies. Some minor comments
could help improve the manuscript:

Reply: We appreciate your recognition of our work!

RC2.1 In Section 3.2, the manuscript explains how water is drained from the TSU to the
network, but it does not clarify whether flow is generated from the network to the TSU when
manholes are overloaded.

Reply: Thanks for pointing out this unclarified issue during surface-sewer flow coupling. We have
clarified the bidirectional coupling scheme used by AUTOSHED in the Appendix B as follows (Line
452-458):



Thus, when Hip < zpe + hop, we have positive Q1p_op for water flowing from the TSU to the

manhole; when Hip > zp. + hop, we have negative QQ1p_sp for water flowing from the manhole to the
TSU.

RC 2.2 It is also recommended to explain whether the 2D-1D coupled model maintains mass
balance.

Reply: Thank you for raising the issue of mass balance. To clarify why the 2D-1D coupled model can
maintain mass balance, We have revised related sentences with typos and explained the reason in the
Appendix B (Line 461-478):



RC2.3 In line 292, it is recommended to describe the specifications of the computer used for
the analysis.

Reply: Thank you for your concern about the computational specifications of our algorithm. We have
clarified the computational specifications as follows (line 266-268):




RC2.4  Clarify whether the methodology can be applied without information on pumps and
WTPs. What alternatives exist if data on their location or technical specifications are unavailable?

Reply: Thanks for your advice on the applicability of our method when the information on regulation
facilities is unavailable. We have clarified the necessary input of our method in Sect. 2.1 (Line 77-78):

The necessary inputs of sewer network reconstruction include the sewer network layout with specified
outfalls and corresponding digital elevation model (DEM).

Thus, our method can be applied without information on pumps and WTPs. However, considering
the non-negligible influence of regulation facilities such as pumps and WTPs on inundation simulation
results, we also discuss some methods for related information collection in Sect. 4.5 as follows (Line
388-394):

The proposed graph reconstruction-based approach offers an efficient solution for generating physi-
cal sewer models using available data on sewer layouts and surface elevation, which can be obtained
from local surveys (Xing et al., 2022), engineering drawings (Lyu et al., 2018), or open source soft-
ware such as SWMManywhere (Dobson et al., 2025). Given the significant influence of network
topology and regulation facilities on inundation simulation results (as discussed in Sect. 4.3 and
4.4), in addition to the aforementioned data sources, it is imperative to further implement intelligent
surveying systems targeting relevant critical components such as inlets and outfalls. These data can
then be integrated with the proposed reconstruction algorithm to achieve more reliable pluvial flood
modeling.

Reviewer 3

This paper presents a graph reconstruction-based approach for generating physically realistic sewer
models from incomplete information, for addressing a significant challenge in urban flood modeling.
The authors develop a methodology that leverages graph theory and linearized programming for-
mulations to derive gravitational flow directions and nodal invert elevations in decentralized sewer
networks with multiple outfalls. They conduct a case study in Yinchuan, China, by performing a
1D/2D coupled hydrologic-hydrodynamic model and reproduces maximum inundation depths with
high accuracy (R? = 0.95) when complete network information is available. The paper’s strengths
lie in its mathematical formulation that transforms complex nonlinear problems into computation-
ally efficient linear equivalents, and its comprehensive comparison against alternative approaches
across varying rainfall scenarios. However, there are some major issues that authors need to address
before publication.

Reply: We appreciate your recognition of our work!

RC3.1 The paper lacks technical discussion on the implementation, i.e., the solver used for
the linearized formulations. There are several existing solvers, each with their own strengths,
weaknesses, and parameters requiring tuning. Sometimes solvers require citation too, so the authors
need to credit the developers of packages and software used to develop their tool.



Reply: Thanks for pointing out this unclarified issue. We have clarified the solver used for linear
programming in Sect. 2.4 (Line 163-165)

In terms of solving the reformulated linear programming problems, we select the open-source Com-
putational Infrastructure for Operations Research (COIN-OR) branch-and-cut solver (CBC) (Forrest
and Lougee-Heimer, 2005) through its Python interface in PuLP (Mitchell et al., 2011).

RC3.2 While authors discuss briefly that their approach is fast, they do not provide any
supporting evidence, especially since the source code is not available for review. The authors
mention they will open source their code, but it’s common practice nowadays for authors to provide
access to the code that was used to generate the results during the review process for reproducibility
and validation.

Reply: Thank you for raising the issue of reproducibility and validation. We have clarified the time
statistics with corresponding device specification as follows (Line 266-268):

Owing to linearized programming formulation used in the process of gravitational flow directions and
nodal invert elevation reconstruction (Sect. 2.4), 1D sewer hydraulic models can be built from pre-
pared geographical datasets in 33 seconds on a local desktop using a single core of Intel(R) Core(TM)
17-14700KF CPU and 400 MB RAM occupancy.

Furthermore, we have published the related code for reproducibility and validation as follows (Line
438-440):

The snapshot of the source code and compiled application for sewer reconstruction has been archived
on Zenodo (https://doi.org/10.5281/zenodo.15522608). And the up-to-date version is available at:
https://github.com/L11C-mmd/ASHED_sewerReconstruction.

RC 3.3 The authors do not provide any discussion on the sampling approach used for getting
node elevations from the DEM. DEMSs, especially in urban areas, can contain artifacts that if
not addressed through DEM processing operations such as conditioning can lead to propagation
of uncertainties in raw DEMs into the generated network. While the algorithm provided by the
authors tries to address the hydraulic feasibility of the network, if the source DEM contains major
artifacts, especially for high-resolution DEMs in built areas, it can adversely impact the quality of
the generated network.

Reply: Thanks for your concerns on nodal elevation derivation from DEM. As stated in Sect. 2.1 (Line
105), we get the elevation of the nodes by matching their coordinates with the pixels of the DEM. And
we have added the necessary introduction to the related DEM preprocessing procedures in Sect. 3.3 as
follows (Line 208-211):


https://doi.org/10.5281/zenodo.15522608
https://github.com/LllC-mmd/ASHED_sewerReconstruction

Following common practices of DEM preprocessing in urban flood simulation, we delete the inaccu-
rately measured building roof elevation from the original product (Chen and Huang, 2024) and lower
the surface elevation of grids containing roads by 0.2 m (Liu et al., 2022) to improve the representation
of hydrological connectivity in DEM.

According to the preprocessed DEM, we can achieve a reasonable reconstruction of the sewer net-
work where all proposed topological and slope constraints are satisfied. Furthermore, we have also
acknowledged the potential limitation of input data quality in Section 4.5 (Line 397-406).

In addition, it should be acknowledged that considering inherent quality issues of multi-source geo-
graphical datasets, mathematical programming procedures in the proposed approach may occasion-
ally fail because of infeasible configurations such as over-elevated outfalls and dangling pipelines.
While introducing data cleaning procedures may help alleviate such issues and streamline the down-
streaming reconstruction process, it also necessitates the trade-off between algorithm robustness and
accuracy owing to embedded assumptions during quality control, which deserves further investiga-
tions. In addition to related cleaning functions implemented in existing packages like SWMMany-
where (Dobson et al., 2025), we propose leveraging the built-in functionality of irreducible incon-
sistent subset (IIS) computation within our optimization-based framework, which can be steadily
accessed in solvers such as Gurobi (https://docs.gurobi.com/projects/optimizer). This tool can help
identify the specific constraints responsible for infeasibility and thus support the spatial pinpointing of
ill-conditioned sewer elements that over-constrain the optimization and may require further correction
or elimination.

By IIS computation, we can efficiently identify the nodes associated with potentially problematic ele-
vations and perform targeted corrections. We have offered one case (https://github.com/L11C-mmd/
ASHED_sewerReconstruction/tree/main/example/case0) in our published codebase to exemplify
related usages.

RC 3.4 Pages 9-11 are allocated to providing mathematical details of the AUTOSHED model.
It’s not clear from the paper whether the authors actually made any developments in the coupled
1D/2D model, or they are just simply using the model as an off-the-shelf tool. If they are simply
using the model, there’s really no need for this detailed discussion, and can even be misleading, as
the authors can mention some relevant high-level information since the focus of this study seems
to be on generating a hydraulically feasible network.

Reply: Thanks for your advice on the paper writing. We have simplified the description of coupled
1D/2D flood simulation by keeping necessary governing equations in the main sections (Sect. 3.1 and
3.2) and moving related solution details into Appendix B.

RC3.5 The discussion on the outfall is not very clear. Do the authors assume that the outfall
locations are known? If that’s the case, this can be a major limitation as they are often not readily
available. If the authors have some way of identifying the outfall locations, they must explicitly
discuss the details; otherwise, this should be explicitly mentioned as one of the limitations as the
authors state that one of their major contributions is deriving hydraulically feasible decentralized
sewer networks with multiple outfalls.


https://docs.gurobi.com/projects/optimizer
https://github.com/LllC-mmd/ASHED_sewerReconstruction/tree/main/example/case0
https://github.com/LllC-mmd/ASHED_sewerReconstruction/tree/main/example/case0

Reply: Thanks for your concerns on the outfall identification. We have clarified the necessary input of
our method in Sect. 2.1 (Line 77-78):

For our study area, we collect these input datasets from field investigation and design documents
(Line 217-218):

Furthermore, we also have added the related discussion of outfall identification in Sect. 4.5 as follows
(Line 388-397):

RC3.6 It appears the algorithm has only one tunable parameter: pipe segmentation, with a
default value of 50 m. However, the authors did not provide a discussion or perform a formal
sensitivity analysis on this parameter. It’s important to quantify how this parameter impacts the
model performance.

Reply: Thanks for your concerns about the sensitivity analysis of the pipe segmentation parameter. We
have added the discussion about its influence on model simulation results in Sect. 4.2 (Line 290-296)
as follows:



According to Fig. 9 (a), the FSR approach achieves an R? of 0.95, which indicates good agreement
between the simulated and observed values and thus consolidates the physical background for further
comparison. In addition, we further examine the performance of the FSR approach with varying
inlet spacings (denoted as ILS) from 30 m to 100 m. According to Fig. 9 (b), the FSR approach
demonstrates relatively robust performance with R? ranging from 0.85 to 0.95 where ILS of 50 m
achieves the highest NSE. It is worth noting that increasing ILS leads to both underestimation and
overestimation, such as P5 and P2 in Fig. 9 (b), highlighting the dual role of rainwater inlets in either
alleviating surface inundation through drainage or contributing to it when overloaded.

RC 3.7 The authors do not provide a direct validation of their approach. They do so indirectly
by measuring simulation results with inundation depths. While I understand that there aren’t
many public sewer data with actual flow directions, but since the contribution of authors is mainly
related to enforcing correct flow directions throughout the network, and they perform pipe-level
simulations, lack of validation with existing pipe flow directions is one of the major limitations
that needs to be explicitly mentioned. If authors have access to such data, even partially, direct
validation of flow direction can be helpful for quantifying the performance.

Reply: Thanks for your concerns about the direct validation of flow direction. In our proposed
approach, during deriving optimal gravitational flow directions, if there is any known flow direction, it
can be explicitly enforced as the constraints for optimization (Eq. 8d in Sect 2.2):

?i,j = ?z‘,j,V?m- € EB (8(11)
This ensures strict consistency between the existing pipe flow directions and the optimized results,
thereby eliminating the need for any additional validation steps. However, we recognize that in some
cases, existing flow direction data may conflict with the topological feasibility of the sewer network,
potentially causing the failure of the optimization process due to over-constraining. In such situations,
further correction of the known flow directions may be necessary. We have acknowledged this limi-
tation of input data quality and suggest a corresponding solution based on the concept of irreducible
inconsistent subsets in Section 4.5 (Line 397-406).

In addition, it should be acknowledged that considering inherent quality issues of multi-source geo-
graphical datasets, mathematical programming procedures in the proposed approach may occasion-
ally fail because of infeasible configurations such as over-elevated outfalls and dangling pipelines.
While introducing data cleaning procedures may help alleviate such issues and streamline the down-
streaming reconstruction process, it also necessitates the trade-off between algorithm robustness and
accuracy owing to embedded assumptions during quality control, which deserves further investiga-
tions. In addition to related cleaning functions implemented in existing packages like SWMMany-
where (Dobson et al., 2025), we propose leveraging the built-in functionality of irreducible incon-
sistent subset (ILIS) computation within our optimization-based framework, which can be steadily
accessed in solvers such as Gurobi (https://docs.gurobi.com/projects/optimizer). This tool can help
identify the specific constraints responsible for infeasibility and thus support the spatial pinpointing of
ill-conditioned sewer elements that over-constrain the optimization and may require further correction
or elimination.
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https://docs.gurobi.com/projects/optimizer

RC 3.8 In the introduction, I suggest providing a discussion on how this work compares to more re-
cent relevant work in the literature on this topic, such as https://doi.org/10.1016/j.envsoft.2025.106358.

Reply: Thanks for your advice. We have included the discussion on the differences between this work
and SWMManywhere in the literature review as follows (Line 59-65):

Although existing tools such as SWMManywhere (Dobson et al., 2025) have offered practical so-
lutions for high-quality VND using publicly available datasets, certain discrepancies between virtual
and real networks still inevitably exist due to inherent assumptions and simplifications, such as prede-
fined road alignments for network topology, river proximity for outfall location, and ideal hydraulic
design using the Rational Method. These discrepancies can potentially alter hydrological connec-
tivity and lead to undesirable performance in flood simulation (Tran et al., 2024). Thus, in order to
enhance the physical realism of virtual networks, additional efforts should be devoted to incorporating
partially known information as constraints of network generation.

RC3.9 For all figures containing a basemap, make sure the attribution follows the specific
language required by Esri.

Reply: Thanks for your suggestions on the basemap attribution. We have revised the attribution
sentence following the specific language required by Esri. An example of Fig. 3 is given as follows:

Geographical datasets in the study area. (a) Digital elevation model. (b) Land use map and road
networks. Basemaps are derived from ESRI World Imagery (Credit: Esri, TomTom, Garmin, FAO,
NOAA, USGS, © OpenStreetMap contributors, and the GIS User Community).

RC3.10 Throughout the text, some citations are not correct. For example, on line 144 the
citation is ”(Wagner (1959); Giangrande et al. (2013)” which not only misses a parenthesis but
also is not in the correct format which is ”(Wagner, 1959; Giangrande et al., 2013)”. This should
be a LaTeX-related issue. Please carefully go over the text to catch citations with similar issues,
as [ found many instances, e.g., on pages 10 and 11.

Reply: Thanks for your advice on the paper writing. We have corrected related sentences as follows
(Line 150-152):

The objective functions of Eq. 8 and Eq. 9 are expressed as the sum of absolute deviations and can
be further reduced into an equivalent linear form as follows (Giangrande et al., 2013; Wagner, 1959),
thus ensuring their solution efficiency for large-scale applications.

We also have carefully gone over the text to eliminate similar issues.

RC3.11 There are some awkward sentences throughout the text. Please carefully proofread the
paper.

Reply: Thanks for your suggestions. We have carefully proofread the paper and improved the quality
of the paper writing.
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RC3.12 What does the ”equifinal method/approach” mean? Does it mean conceptual models?
While equifinality is commonly used in the hydrology literature, I am not familiar with using
equifinal method in the context of different modeling approaches. Please clarify this term or replace
it with a more common jargon.

Reply: Thanks for your suggestions on the clarification of the "equifinal method/approach” term. We
have clarified in the revised manuscript as follows (Line 244-247):

According to whether a sewer hydraulic module is reconstructed for simulation with AUTOSHED,
we can further classify the above approximation methods into two categories: physical approaches
(including FSR, FSN, RSN and RSC), and equifinal ones (including RDA and NDA), meaning similar
flood simulation results can be achieved by different methods with appropriate parameters of drainage
effects (Dobson et al., 2025).

RC3.13 Fig 8: Use a different legend, it’s very difficult to see what’s going on.

Reply: Thanks for your suggestions on the figure plotting. We have updated the legend of inundated
points with a more contrastive color as follows.
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