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NHESS-2017-446 - response to the reviewers’ comments for the manuscript:
Estimating network related risks: A methodology and an application in the transport sector

Dear Prof. Dr. Fuchs and reviewers,

Thank you very much for considering our manuscript for possible publication in the Journal of Natural Hazards
and Earth System Sciences. We appreciate your careful review of the manuscript and the well structured
constructive feedback received. Please find our response below that includes descriptions of the resulting
changes in the manuscript. We trust that these changes have improved the work, making it suitable for
publication in your journal. We are looking forward to your response.

General response to all reviewers’ comments

Based on the feedback received, we identified three major areas of concern.

1. The use of an unconventional paper structure

The initial idea was to show readers three times the proposed process, each time at a different level of
detail: the generic methodology, the application of the methodology, and the modelling. This approach led
to the reuse of section headings in some cases and a scattered literature review. We agree with the
reviewers that this presentation can cause confusion. Therefore, to improve its readability, we restructured
our manuscript as follows:

(a) (1. Introduction) – We introduced the problem, and included a cohesive literature review of works
focused on estimating transportation network related risk due to natural hazards. Additionally, we
highlighted the open research in this field, and clearly pointed out our main contributions.

(b) (2. Methodology) – We reduced the generic methodology to a minimum, and linked this part to the
upcoming example, showing the risk assessment in a single instance. Also, we introduced in this
section the most important definitions used in the manuscript (e.g., risk, consequences, events) to
facilitate the understanding of the content.

(c) (3. Application) – We removed all redundant content related to the methodology since a connection
between the methodology and the example had already been established in the Section 2 (see point
(b)). Furthermore, based on the methodology overview in Section 2 (new Figure 1), we explained the
modules and models with greater consistency (i.e., why a model is necessary, how a model depends
on other models, which model outputs are the most important). We removed all unnecessary
mathematical definitions from the manuscript since (i) these do not contribute to the understanding of
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the content and (ii) such definitions make the manuscript very hard to follow. For reasons of
completeness, however, we attached the mathematical definitions as supplementary files to the paper
(see point (h)).

(d) (4. Results) – We restructured this section by subdividing it into three parts: (i) results of a single
scenario, (ii) results of multiple scenarios with the same return period, (iii) and results of multiple
scenarios with multiple return periods.

(e) (5. Discussion) – We kept the general discussion about the methodology and the models used.

(f) (6. Conclusions) – We made minor additions to this section to expand on possible future work.

(g) (A. Appendix) – As mentioned in Section 3 (see point (c)), we moved the mathematical definitions to
supplementary files for interested readers. The remaining content (mainly tables) was moved to an
adequate location in the main text.

(h) (S. Supplementary files) – The mathematical definitions were put into supplementary files, which
required adding information on the inputs needed from other models, the outputs produced for other
models and the model specific requirements (i.e., which data and data format is needed to run the
models; e.g., DTM, land-use data). Additionally, we added multiple images to the supplementary files,
which could not be included in the result section (e.g., all time steps of the spatial-temporal system
evolution).

2. Lack of clear focus

In the original manuscript, we were ambitious by including a large amount of content into the paper. This,
combined with the unconventional structure of the manuscript, impaired the clear message of the
manuscript. To address this, we made the following changes:

(a) In the introduction section, we clearly stated the four main contributions of our work: (i) the modelling
of a complete chain of events, from a source event to its corresponding societal event, including the
link between natural hazards, transportation networks and society, (ii) the estimation of
socio-economic impacts (indirect consequences) due to changes in the traffic flow, (iii) the
consideration of uncertainties through a simulation-based approach, and (iv) the introduction of a
novel simulation engine, which allows the easy coupling of different models.

(b) The content related to the methodology was linked to the application and the use of the simulation
engine. Any redundant and unnecessary content was removed.

(c) The application section was “cleaned-up”. Some of the models in the initial manuscript were
supported by equations and variables (e.g., direct and indirect costs), which were not necessary, and
undermined the value of the simulation engine (i.e., models can be swapped as long as input and
output remain the same). Therefore, we removed the all unnecessary mathematical content.

3. Understated link between natural hazards and network risks

In the initial manuscript, we did not discuss this point in fine detail. To highlight this link, we added
additional paragraphs to our literature review, addressing the question of network vulnerability (in general
and in the context of natural hazards) and pointing out the advantages and disadvantages of current
methods. We also added several examples that explained why multi-hazard spatial-temporal models need
both, hazard and network models.

Since we made major changes to the manuscript, in some instances, we will address the reviewers’ comments
by referencing our general response above.

Reviewer 1’s comments

Main remarks
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1. Does the paper address relevant scientific and/or technical questions within the scope of NHESS?

The paper addresses the question of risk related to networks exposed to natural phenomena which is an
important issue. However, the paper focuses on application and combination of several physical models in
relation with network modelling without really explaining why those models are used and what are the
asumptions. The question of models relevance, key issues in modelling are not addressed (why one model
in comparison with others existing ones).
Indeed, the initial manuscript lacked clear statements on why the models used were chosen, what their
input and output were, and what the underlying assumptions were. At the same time, we missed to give a
proper introduction on the simulation engine, which allows to couple different models regardless of their
internal structures, as long as the input and output needed to relate them are defined.

With the new structure of the paper, we focused on the events and their relationships, and not on the
models used since these can be swapped easily (e.g., the in-house made 1d-flood model can be replaced
by a 2d Basement model, the in-house made traffic model can be replaced by a VISUM model or MATSim
model). Due to computational and legal reasons and for further studies on uncertainty quantification, we
prioritized the use of in-house models.

Having said this, we added a restructured description of our models to the supplementary files. There, we
added information on the inputs needed from other models, the outputs produced for other models, and the
model specific requirements (i.e., which data and data format are needed to run the models; e.g., DTM,
land-use data), and their underlying assumptions.

2. Does the paper present new data and/or novel concepts, ideas, tools, methods or results?

Despite of the interest of the research question, the inputs of the approach are not totally clearly described.
This could be improved. What is new ? why ?
As mentioned in the general section, we dedicated several paragraphs to explaining the research gap and
the contribution of our work.

3. Are these up to international standards?

An extended bibliography has been done indeed. Some references about networks analysis,
socio-economic features should be included (. Different criteria can be considered to assess vulnerability,
multicriteria decision making methods may be an alternative: this has not been addressed at all. A past
intereg project called Paramount has, between others, addressed this kind of issues...
Thank you for this comment. In the initial manuscript, we missed this opportunity. Now, we extended our
literature review with other common concepts of network vulnerability and positioned our work accordingly.
Unfortunately, we could not find recent publications of the Paramount project online. In this regard, we
would be pleased if the reviewer could provide us with additional information on the location of those
publications or the publications themselves, should their review be still required considering the new
literature review.

4. Are the scientific methods and assumptions valid and outlined clearly?

The purpose of the paper is risk assessment. The difference between hazard, damage assessment is not
clearly described. Main issues are: 1) The description of the methodology is finally unclear. A major
reconfiguration of the paper should be done: a classical paper structure (intro, state of art in each domain,
gaps , developments, results, discussion) would be better. 2) A global chart showing all methods and
connections would be welcome : the paper is difficult to read 3) Many symbols are used all over the text,
sometimes not clearly defined or with confusing notation ( e.g. E for event instead of Expectancy. . .tricky
when also dealing with probability). Not all notations defined are used in the text, results etc. . .Is it useful
in that case? If a model is described, we expect to know which data have been put inside, which
asumptions are done 4) Several models have been used : description are given in appendix but it is very
difficult to understand what where the assumptions and data used. Some models are perhaps not the right
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ones to model the phenomenon addressed (e.g. scouring modelling requires to use hydraulics models
considering solid transport) 5) The approach on networks is finally (apparently) quite simple and based
only on population gradient. Many others socio-economic factors (industry, rescue, education access etc. .
.) are of higher interest to assess indirect risks on networks. Those aspects should be considered: on the
contrary, explain why not developed and speak about limits of the approach.
Thank you for this valuable feedback, we addressed all your points:

(1) As mentioned in the general response, we changed the paper structure to a classical form (i.e., 1.
Introduction with literature review, problem statement and contribution, 2. Methodology, 3.
Application, 4. Results, 5. Discussion and 6. Conclusions).

(2) We replaced the representation of the generic risk assessment methodology (former Figure 1) with
an overview of all models and their connections as suggested (new Figure 1).

(3) Indeed, too many symbols were used with most of them only once. We removed all model specific
variables and equations to the supplementary files, and only kept the most important variables and
equations, which were directly explained in the text so that the reader does no longer have to switch
forwards (to the nomenclature) and backwards (to the section).

(4) We restructured the way models are described and gave more insights on the inputs, output and
assumptions used.

(5) This is true. Currently, only indirect costs associated with temporal prolongation of travel and loss of
connectivity are quantified. We are working on the extension to model and quantify other
socio-economic factors, as mentioned above (e.g., industry, rescue, education access). We added
this point to our discussion section and as an outlook for further research.

5. Are the results sufficient to support the interpretations and the conclusions?

Several models are used and combined. Links between them, the way they are used, data are not fully
described. Figures are not completely clear and supporting the demonstration (e.g. figure5 aggregated
simulation, what is aggregation? How is it done?
For the first point please see above. We added more details about the models and also visualized their
interdependencies in Figure 1.

We also agree with the second point: some of the figures were hard to understand without additional
information. Therefore, we made some changes to the figures:

(a) Figure 1. was replaced with an schematic overview of the investigated chain of events, showing the
models and their relationships.

(b) A new Figure 3. was added, illustrating the terminology used to describe network, objects, sections
and subsections used in the manuscript.

(c) Former Figure 3. was split up into two separate figures, showing the fragility curves (Figure 4.) and
the functional loss curves (Figure 5.).

(d) An additional figure (Figure 6.) was added, showing the use of functional loss functions during the
process of deriving a damaged network from damaged infrastructure sections.

(e) Former Figure 4. (now Figure 7.) was replaced by a figure showing the considered events in two time
steps rather than eighteen. The evolution of the events considering all eighteen time steps was added
to the supplementary files.

(f) The content of former Figure 5. (now Figure 8.) was extended to include the aggregated direct costs.

(g) Former Figure 6. was replaced by a new figure (Figure 9.), showing an analysis of the direct and
indirect costs for multiple events of 500-year return period.

(h) Former Figures 7a, 7b and 7c were combined in a single figure (Figure 10a.). In addition to the risk
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curves, box plots of estimated annualized risk values were added (Figure 10b.).

(i) Former Figure 8 was removed.

Descriptive captions were added to all figures, such that figures can be interpreted without having to
reference the main text.

6. Does the author reach substantial conclusions?

The conclusion claims that yes but it is not completely convincing. Costs are presented as societal effects.
One main output would be that it gathers different phenomena but the way it’s done remains not clear : are
all events equivalent, is there not a question/issue of importance, relevance? How are the events identified,
compared one with another?
«Costs are presented as societal effects.» This assumption was used since the traffic costs absorbed
during the restoration period could not be directly attributed to a single object. The network manager has
multiple options on when and how objects are repaired. Such decisions influence the traffic flow, and
therefore, the indirect costs carried by the road users.

In this paper, we assumed that direct and indirect costs were equally important since the major task was to
quantify the risks. In reality, decision makers such as network managers and politicians assign different
importance to these costs.

For illustration purposes, we chose restoration costs to illustrate direct consequences and temporal
prolongation of travel and loss of connectivity to illustrate indirect consequences. To compare these
consequences we assigned (unweighted) monetary values. In the future, we plan to incorporate additional
measures such as business interruption, and accessibility to hospitals, among others.

7. Is the description of the data used, the methods used, the experiments and calculations made, and the
results obtained sufficiently complete and accurate to allow their reproduction by fellow scientists
(traceability of results)?

No, it may be impossible to reproduce calculations since basic hypothesis of models used are not
described. This is one important suggestion that could be done to better explain and understand the
process and the added value of using and combining models.
In the new version of the manuscript, we gave more information about the models used. This included the
inputs and outputs, the data requirement of the models (e.g. DTM, land-use data) and some of the
underlying assumptions.

In the future, after proper testing, documentation, refactoring and clean up of the code base, we would like
to release the source code of our simulation engine.

8. Does the title clearly and unambiguously reflect the contents of the paper?

Redundancy in title (networks): should be changed.
Thank you for this comment. We changed our title to “Estimating network related risks: A methodology and
an application in the transport sector”, and removed the second reference to “network”.

9. Does the abstract provide a concise, complete and unambiguous summary of the work done and the
results obtained

The integration should be a major objective but the way all methods are combined is not clear. The
demonstration of the usefulness of the approach is not proved since no comparison with classical
approaches is done. Why is it better? How does it help decisions?
In Section 2. (Methodology) we refocused the content on the implementation of the methodology. In
combination with Section 3. (Application), the reader should now have a clearer picture on how all
elements of the methodology fit together.

To avoid making article longer, we omitted a quantitative comparison with other classical approaches. We
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added, however, additional literature about the state-of-the-art network (vulnerability) analysis. A
comparison with other approaches should be part of further research, and is stated as such in the
manuscript.

10. Are the title and the abstract pertinent, and easy to understand to a wide and diversified audience?

Expectations about risk are high. The focus seems to be more on phenomena and hazards.
Please refer to our general response. We hope that the restructured manuscript and the tighter focus on
the coupling of the different events, their relationships, and their effects on networks address this concern.

11. Are mathematical formulae, symbols, abbreviations and units correctly defined and used? If the formulae,
symbols or abbreviations are numerous, are there tables or appendixes listing them?

No, a glossary is given (good) but not all symbols are used. Not useful in that case, some of them are not
easily understandable. The reader would have to go to initial bibliography. Data which are used should be
described.
We agree with this observation. The initial manuscript included too much (mathematical) information,
which was not needed to understand the content. In contrast, this level of information made following the
article more difficult. To overcome this issue, we moved most of the equations and variables from the main
text into the supplementary files. There, we restructured the information about each model for readers to
immediately see where the variables are used and what is behind them (e.g., is it a raster cell value
associated with a variable, or is it a function?)

12. Is the size, quality and readability of each figure adequate to the type and quantity of data presented?

Some figures are difficult to read /interpret (e.g. fig 6) = a set of curves. Think to white and black printing...
Please refer to Point 5. We made major modifications to the figures in the manuscript.

13. Does the author give proper credit to previous and/or related work, and does he/she indicate clearly his/her
own contribution?

This paper is a result of aFP7 research project with existing published papers with the same authors). The
difference and added value description should be improved
As mentioned above in the general response, we highlighted the main contributions of this work in the
revised manuscript.

14. Are the number and quality of the references appropriate?

Many references but some on the key aspect of indirect vulnerability assessment are missing.
We added a paragraph to our literature review where we discuss state-of-the-art network vulnerability
assessments and how we use the term vulnerability in our work. In contrast to other authors, we consider
vulnerability as an inherent attribute of any system and an essential part of the risk assessment. In our
manuscript, we made a distinction between costs and damages, and hence, we used the familiar concept
of fragility instead of vulnerability.

A commented version of the paper (hand-written comments) has been done on paper and can be sent to the
authors through editor if wanted.

Thank you very much for your effort. We incorporated as many comments as possible. If a detailed response to
these comments is still needed, please let us know.

Reviewer 2’s comments

The authors address the topic of network infrastructure exposed to natural hazard risk taking the road network
around Chur, Switzerland, as an example, and as such, the topic is of relevance for the target journal.
Nevertheless, the manuscript shows some weaknesses which are discussed below.
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Thank you very much. Please find below a summary of changes made to strengthen our paper in response to
your feedback.

Main remarks

1. The manuscript takes a systemic viewpoint by introducing the individual steps of risk analysis for networks
(which is not a new task, by the way). Nevertheless, a sound review is missing, which makes it difficult to
judge whether or not the authors provide added value to the ongoing discussions of this community (some
journals are particularly dedicated to network risk and transportation infrastructure, and it would be good to
see the application of the authors in relation to other approaches coming from the hazard community).
Please refer to the general response. In the initial manuscript, we missed the opportunity to give a detailed
discussion about the link between natural hazards and network risks. To overcome this issue, we added
additional paragraphs to our literature review, addressing the question of network vulnerability (in general
and in context of natural hazards) and pointing out the advantages and disadvantages of current methods.
We also added several examples, explaining why multi-hazard spatial-temporal models are in need of
network models in addition to hazard models.

2. With respect to the hazard type, the authors are not consistent in what process type they model (Debris
flows? Landslides? Floods?). In one section, the study seems to be limited to one process type only, while
the Figures clearly indicate different hazard types (“The purpose of the assessment itself was to quantify
the risk of a complete chain of events over space and time, from source events to their consequences,
considering: rainfall, runoff, flooding, mudflows, physical damages and functional losses to bridges and
roads (road galleries, tunnels and other structures were not of primary concern), traffic changes and
restoration works”). Depending on the different hazard characteristics (floods - spatial extent and duration,
debris flows and landslides - local occurrence and interruption, maybe damage to the road infrastructure,
mudflows - do they really occur in the Chur region?) it remains unclear what exactly the impact will be.
Even if they use respective models (and maybe just take the results as an input for network interruption),
this should be clarified. The same holds for the determination of direct and indirect effects. It would be
better to restrict this study on a clearly named sample of effects so that the potential readers can easily
follow the concept.
In our study, we used a multi-hazard approach considering floods and mudflows, both triggered by heavy
rainfall. Both are spatio-temporal models, whose variables changed over time, depending on previous time
steps. In order to clearly present the relationships between the models, we added a schematic overview of
the investigated chain of events (Figure 1.) to the manuscript. Additionally, we restructured the
Methodology section (please see general response point 1) to align the methodology with the application,
making following the paper easier for readers. Finally, a more detailed description of the models used was
added to the supplementary files.

«. . . do they really occur in the Chur region?» Unfortunately, such events occur. In the last decades, four
major flood events with infrastructure damages over 5 million CHF occurred in this region. This area is also
prone to landslides, including debris flows. In fact, the data obtained for the modelling of the mudflow
events is for the area of study. To highlight this, we added a comprehensive description to Figure 2., where
some of the past hazard events are illustrated.

We trust that the new structure of the manuscript and the schematic overview of the process (Figure 1.)
have improved the readability of the manuscript.

3. With respect to the traffic flow model, it remains unclear what exactly the input data is. Moreover, I cannot
accept a contributions stating that “The methodology is described in detail in Hackl et al. (2016)” simply
because the potential reader should get an overview by reading through the current contributions. So at
least the main steps have to be summarized here. As such the entire manuscript reads more like a report
than a scientific paper - also because of the repetitions that are presented in multiple sections (Floods are
a challenge throughout Europe. . ., just to provide one example).
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Thank you for this valuable comment. This comment prompted us to change the structure of our article
(please see general response). As stated there, the initial idea was to present the reader three times the
same process, each time at a different level of detail (i.e., generic, application, models). This caused a lot
of redundancy, and prevented us from presenting the three processes with the necessary depth. The new
manuscript was refocused on the application. We removed unnecessary parts of the generic methodology,
and moved unnecessary mathematical definitions to the supplementary files. This allowed us to focus the
content and give readers a clear idea of how the proposed approach can be followed.

4. Irrespectively of the models used, it would be good to only focus on the network reliability (because a
blockage can be of any origin, even road closure due to the WEF in Davos, to give another example).
Due to the unconventional paper structure and the lack of focus, one major contribution of our work may
have been lost in the manuscript. Modelling the complete disaster chain from a source event to its
consequences results in a more in-depth analysis than just considering blockage of any origin. For
example, we can quantify the severity of the damages and functional losses, leading to the identification of
optimal intervention strategies (e.g., if a mudflow blocked an important road with a couple of hundreds m2,
the network manager can estimate how long removing the debris with an excavator would take). Also,
since the hazard intensities (e.g., flood inundation depths) change over time, road blockage, which is
spatially correlated, also changes over time. To summarize, the consideration of blockages of any origin
might be a common approach for network reliability, but more information is needed for network resilience.
We addressed this issue in the new Introduction section by adding an additional discussion about
commonly used approaches to analyze network vulnerability and reliability, their advantages and
drawbacks, as well as the contribution of our work on this front.

5. The title of this contribution suggests that the focus is on network reliability, not on the modelling (and more
or less proper representation) of hazards affecting the road network This would also sole the issues
addressed in the first part (“too many scenarios...”). So methodically, the focus should be placed on the
following three items: (a) object-level functional losses leading to network functional loss, considering the
topology of the network, (b) object-level physical damages and object-level functional losses leading to
restoration works, considering specific restoration criteria, and (c) network functional losses leading to
changes in traffic flow, supported by an origin-destination matrix.
As suggested, we placed higher emphasis in the use of fragility and functional loss functions. Therefore,
we created dedicated sections explaining the general idea of both functions and how these are used in the
application. Additionally, in Figure 6., we illustrated how object-level functional losses lead to network
functional loss, and in Figure 1., we showed the relationships between object-level physical damages and
object-level functional losses leading to restoration works, and how network functional losses lead to
changes in traffic flow.

6. Sentences such as “Simulation-based risk assessments require the coupling of multiple heterogeneous
models, where a given model encapsulates the behavior and state of a part of the system” do not provide
added value - if the entire manuscript could be re-structured using a classical scheme these statements
can go to the introduction and have to be underpinned by appropriate references.
As stated in the general response, we restructured the manuscript and moved such statements to the
introduction section.

7. The underlying traffic model is tricky and should be described in more detail. What exactly is the data
used, and what are the assumptions? As far as I know, Chur is an economic hub for the entire region; so
how did the assumptions made mirror the real behavior of commuters? This is central since when the
authors compute risk, these figures define us the exposure.
We agree that traffic modelling is a science in itself. For the sake of illustration, computational costs, and
legal issues, we used an in-house solution: a static user equilibrium traffic assignment model, based on
the BPR functions to simulate traffic flow conditions. Although this model is mathematically simple,
computationally inexpensive and widely used in literature, it has limitations. The model assumes that
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travelers have full knowledge of the traffic conditions, which is not the case. It does not account for travel
pattern changes after a disruptive event either, although studies show that this behaviour is considerably
different than before a disruptive event. However, with the proposed modular framework of the simulation
engine, such a model can easily be replaced by a VISUM or MATSim model. In further studies, we plan to
replace this simplified traffic model with an agent-based model in order to also quantify other
socio-economic factors such as business interruptions, rescue missions, fatalities, and education access,
among other relevant factors. For this paper, we added additional information on the used traffic model to
the supplementary files.

8. So my suggestion is to re-organise the manuscript in the following way: Introduction: sound review of
transport network risk to natural hazards, then categorizing the different approaches in network
representation and modelling, then presenting the added value based on a identified gap) of the chosen
model. Method description of the model and the main assumptions (data used). Results Discussion:
limitations, uncertainties, etc.
As suggested we changed the structure of our manuscript. For details please have a look at the general
response section.

9. Additionally, references are outdated, e.g., Eidsvig, U. M. K., Kristensen, K., and Vangelsten, B. V.:
Assessing the risk posed by natural hazards to infrastructures, Nat. Hazards Earth Syst. Sci. Discuss., pp.
1-31, doi:10.5194/nhess-2016-89, 2016 has already been finally published.
Thank you, we updated the references.

10. Moreover, references to the transport infrastructure are biased towards the contributions of the authors,
here we need a broader review and a clear statement of research gaps and needs, and niches to be filled
by the current contribution.
As part of the restructuring, we have added a section with open research in the field and our contributions
to the introduction of the manuscript (see general response 1.a).

11. English needs a sound proofread by a native speaker.
This was done.

12. Given the shortcomings of the current version, I kindly would like to suggest a rejection and encourage the
authors to re-submit once the storyline is clear and focused on what has been promised in the title.
Alternatively, the authors may wish to choose an alternative journal, presumably from the network
modelling community.
We trust that the revised manuscript is now suitable for publication in NHESS.

The authors would like to thank the editor and the reviewers in advance for their careful evaluation of our
manuscript.

On behalf of our research team

Jürgen Hackl
(corresponding author)

page 9 / 9


