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Reply to reviewer comments on NHESS-2024-101

We express our sincere thanks to both reviewers (R1 and R2) for their time, insights and
constructive engagement with our manuscript “A methodology to compile multi-hazard
interrelationships in a data-scarce setting: an application to Kathmandu Valley, Nepal”
by Harriet E. Thompson, Joel C. Gill, Robert Sakié Trogrli¢, Faith E. Taylor, and Bruce D.
Malamud, submitted on 28 May 2024 to Natural Hazards and Earth System Sciences
(Manuscript NHESS-2024-101).

Below, we provide detailed responses to the reviewers’ comments of how we will proceed if
the editor invites us to submit a revision. Line numbers refer to those in the original version of
the manuscript, and we have added additional references to the reference list. We believe that
the suggested changes from both reviewers have improved the quality and argument of the
manuscript and thank the reviewers again for their contributions.

Reviewer 1 (R1) (Nathan Clark)

(R1-00): “The paper provides a very interesting and timely methodological approach for
identifying and compiling information on interrelationships among single and multi-natural
hazards. Overall the paper is well written and well positioned for a place within the Special
issue: Methodological innovations for the analysis and management of compound risk and
multi-risk, including climate-related and geophysical hazards. Some minor considerations for
the authors:”

(Reply to R1-00): We thank R1 for their comments on the interesting and timely approach for
compiling information. Below we respond to each comment in turn.

Introduction:

(R1-01): “Overall this section is clear and concise, however, a few parts of the narrative could
flow better and need clarification.

In terms of data-scarcity on hazard impact data, and this quote: “One of the significant
challenges facing urban areas in Nepal is the scarcity of hazard impact data, which is a barrier
to effective DRR strategies (Chatterjee et al., 2015; SIAS, 2016).” The first thought that came
to my mind is wondering the extent which this has changed almost 10 years since the 2015
Earthquake and from the sources referenced. And if we are talking about scarcity of multi-
hazard impact data, | wonder how Kathmandu differs so much from other urban settings, even
in the West.”

(Reply to R1-01): The quote above will be amended to the following:

“One of the significant challenges facing urban areas in Nepal is the scarcity of hazard impact
data (Chatterjee et al., 2015; SIAS, 2016), except for a few notable examples.”

The following text will be added to the revised manuscript to Section 1 Introduction:

“In the Nepali context, previous research and building of databases, by academics,
government organisations and non-governmental organisations (NGOs) has centred on the
impacts of single hazards (Bhatta and Adhikari, 2024). In response to recent multi-hazard
events such as the Melamchi debris flow in 2021, part of a hazard cascade that caused multi-
sectoral impacts on a regional scale across one year (Sharma et al., 2023), more studies are
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focused on multi-hazard impact and risk assessments (e.g., Dunant et al., 2024). Nepali
hazard event databases, including the Nepal Disaster Risk Reduction (DRR) Portal (2024)
and Building Information Platform Against Disaster (BIPAD) Portal (Youth Innovation Lab,
2020), predominantly document direct and tangible impacts, with some basic disaggregation
by gender. Similar to geographical contexts globally, across national income level and “Global
North and South” categorisation, one of the significant challenges facing urban areas in Nepal
is the scarcity of disaggregated multi-hazard impact data, which is a barrier to effective DRR
strategies (Youth Innovation Lab, 2020; De Maio et al., 2024).”

(R1-02): “On lines 84 and 95 the authors note the Kathmandu experiences many single and
multi-hazards events without qualifying it. Maybe the examples under 110-120 could be
brought up under points 84 and 95 to create a more coherent narrative.”

(Reply to R1-02): Examples of natural hazard events and cascades of further hazards or
impacts in Nepal will be moved from L110-L120 to L89. After noting that Kathmandu Valley
experiences a variety of single natural hazard and multi-hazard events, we will include the
proposed paragraph in our Reply to R1-03.

(R1-03): “From lines 95 down, it is not immediate clear why the authors are highlighting the
squatter settlements, and even including a visual. Is it only to illustrate population growth and
growing urbanisation, or is it related to the heightened risks and impacts on vulnerable groups?
This is connected indirectly to the Urban Fire bullet point, and then again later made clearer
in the Results and Discussions sections with the focus on impacts to marginalised
communities. | suggest the authors make these connections more clear in the Introduction
when introducing the section on squatter settlements.”

(Reply to R1-03): We will expand the paragraph which introduces squatter settlements in
Kathmandu Valley. This paragraph will include an explanation for the increased vulnerability
and disproportionate burden of impacts experienced by members of “marginalised” groups.
Please see as follows our initial proposed text:

“Within this population, “marginalised” communities, including residents of squatter
settlements within the broader grouping of the urban poor, experience a disproportionate
burden of hazard impacts due to their heightened socio-economic vulnerability (Pelling et al.,
2004; Gorman-Murray et al., 2018; Dodman et al., 2022). In mainstream hazard impact data,
there is often a lack of representation of more vulnerable groups. Addressing this data gap is
crucial to prevent Disaster Risk Reduction (DRR) strategies from unintentionally exacerbating
existing social inequalities (Brown et al., 2019). To illustrate the spatial distribution of socially
marginalised communities in one region of Kathmandu Valley, Fig. 1 presents six squatter
settlements, with a total population of 7270 people in 2019 (Khanal and Khanal, 2022), out of
53 squatter settlements that are documented in the valley (DUDBC, 2010).”

Methodology:

(R1-04): “Only using English sources is certainly one of the main weaknesses of the study.
But it is very good that the authors have recognised and highlighted the limitation in a number
of places within the document.
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What remains unclear is what is meant by “grey literature”. Perhaps | missed it, but | find only
one small explanation on line 608 which references “e.g., UNDRR reports”. Did the authors
include in their literature search any other NGO/IGO and government agency reports, and
perhaps preparedness plans at national/regional/local/community levels? They could likely
find more hazard specific frequency magnitude/impact information through specific agencies
in the regions, for instance NSET for geophysical hazards. https://www.nset.org.np/nset2012/.
These types of sources seem very relevant to have been included considering the scope of
the paper,”

(Reply to R1-04): We will include Auger’s (1998) widely accepted definition of grey literature.
In addition, we will list further subtypes (on line 196) of grey literature that we selected for
inclusion in the single hazard and multi-hazard interrelationships database.

(R1-05): “Line 214 notes: “We used the methodology described in the literature review in Sect.
2.1 to conduct Boolean searches for single hazards and multi-hazard interrelationships that
might occur in Kathmandu Valley.” Did this also include events which have already occurred?
| suggest to make that clear.”

(Reply to R1-05): We will amend this sentence to read: “We used the methodology described
in the literature review in Section 2.1 to conduct Boolean searches for single hazards and
multi-hazard interrelationships that have influenced or could potentially influence Kathmandu
Valley.”

(R1-06): “I appreciate the thought behind pulling out the column headings into separate boxes
for ease of reading in Figures 2 and 3, but | think it might create even more difficulty for the
reader. Or at least it makes the presentation of the Figures look quite messy. Consider if those
extra boxes are really needed. Perhaps instead just highlight the relevant text in different
colours in the tables.”

(Reply to R1-06): Thank you for this comment. We will experiment with this suggested
visualisation to improve the clarity of Figures 2 and 3 for the reader.

(R1-07): “Line 293 notes: “These participants were selected based on their in-depth
knowledge of the Kathmandu Valley context and existing connections built on pre-established
working relationships.” What does this say about their specific backgrounds and expertise
contributing to this topic? Especially given the small number or participants, this clarification
is needed in the methodology section. | found the explanation (in part) only at the end of the
document in the Limitations section.”

(Reply to R1-07): To provide clarification, we will add the following sentences to this section
(Section 2.4):

“Participants worked for organisations spanning the non-governmental organisation (NGO) or
international non-governmental organisation (INGO) (e.g., Practical Action Nepal), national
society (e.g., National Society for Earthquake Technology — Nepal, NSET), research institute
(not listed due to consent form response), and academic (e.g., Durham University) sectors.
We approached participants based on their expertise in single and multi-hazard
interrelationships and their impacts in Kathmandu Valley, as applied from their perspectives
as physical, social and interdisciplinary practitioners and/or researchers.”
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We will also add additional information on participants’ research and/or practitioner
backgrounds, where participants’ responses to the pre-workshop consent form permit.

Results:

(R1-08): “Figure 5 is great! It also made me quite curious about some of the relationships. For
instance | had to look up how a hailstorm can trigger a volcanic eruption.

Line 407 notes: “Additionally, we shared Fig. 6 with workshop participants to illustrate the value
of the multi-hazard interrelationship matrix in extracting relevant multi-hazard scenarios.” It is
not clear if they were asked for feedback on that Figure, or if it was also used as a tool in the
workshop? E.g. What did they think of it? Was it useful?”

(Reply to R1-08): Although it was not within the workshop's scope to ask for participant
feedback on the multi-hazard interrelationships matrix itself (other than introducing them to it),
we did use Fig. 6 as a tool for participants to explore potential multi-hazard scenarios that
could influence Kathmandu Valley. We will add the sentences as follows:

“Additionally, we shared Fig. 6 with workshop participants to illustrate the value of the multi-
hazard interrelationship matrix in extracting relevant multi-hazard scenarios. Figure 6 was
then made available virtually to participants during workshop discussions and acted as a
visualisation tool and talking point to explore further multi-hazard interrelationships that have
influenced or could influence Kathmandu Valley, beyond those archetypal examples that
participants may associate with the region.”

(R1-09): “Line 462 notes: “Including anthropogenic hazards and related processes could form
the basis of future developments of this work.” That seems like a fairly significant outcome,
and should probably be highlighted in sections 4.6 and 4.7 on future work in this direction.”

(Reply to R1-09): We agree with the reviewer that this should be highlighted as it is a part of
our future research we are excited about pursuing. We are in discussion regarding how to
expand upon this sentence in Sections 4.6 (“Scalability to other data-scarce urban settings”)
and 4.7 (“Future work”). This will include the following:

e We will present a definition and discuss a systematic review of anthropogenic
processes and their influence on natural hazards done by Gill and Malamud (2017),
both of whom are part of this current manuscript, with the desire to extend the findings
from that work to dynamic risk scenarios.

¢ We will consider changing anthropogenic hazard to read anthropogenic processes (as
in Gill and Malamud, 2017).

e We will outline additional hazard types that might occur. For example, biological,
chemical, environmental, societal, technological — as described in the recent United
Nations Hazard Information Profiles (Murray et al., 2021).

e We will discuss how anthropogenic processes can extend multi-hazard dynamic risk
scenarios.

Discussion:

(R1-10): “In section 4.3.2. It could be interesting for the authors to reflect on HOW the different
types of variables related to vulnerabilities and impacts (also within different spatial and
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temporal scales) could be considered within such a matrix. The authors do provide some
considerations for this in sections 4.6 and 4.7, maybe there is a way to also provide a few of
these reflections already in 4.3.2.”

(Reply to R1-10): In Section 4.3.2 (“Impact examples”), we will examine potential approaches
of incorporating variables of vulnerability and impacts into the existing multi-hazard
interrelationship matrix. Discussion points will include:

¢ Mention of some of the existing visualisations of multi-hazard events, their impacts and
variables of vulnerability.

o For example, Figure 1 in Sharma et al. (2023) shows hazard cascades and
their impacts in the central Himalayas, including the duration, scale and sector
affected by each hazard cascade event.

e QOutline of a couple of potential approaches to incorporate spatial and temporal
components into our existing multi-hazard interrelationships matrix.

o For example, discussing the work of De Angeli et al. (2021) which has a
framework for spatial-temporal impact analysis for multi-hazards and has a
figure describing various scenarios for spatial-temporal overlaps of impact.

e Reflect on the considerations already mentioned in Sections 4.6 (“Scalability to other
data-scarce urban settings”) and 4.7 (“Future work”) in Section 4.3.2 (“Impact
examples”).

(R1-11): “4.6 and 4.7 are really nice to read. Two things that do however seem to be missing
(or not explicitly enough) in terms of scalability of the matrix: should scalability take into
consideration other types of risks and hazards (not only natural)? And | miss some clear
recommendations on what could be the best way forward for evolving the survey in the context
of Nepal. Having done the first leg of the work, which other sources and local champions
should be involved in Nepal to improve the tool?”

(Reply to R1-11): To enrich the discussion of the scalability of the methodology, we will add
further information to Sections 4.6 (“Scalability to other data-scarce urban settings”) and 4.7
(“Future work”), to include the following:

e Inclusion of additional hazard and risk types (see reply to R1-09).
e Suggestions for developing and applying the methodology in the Nepali context.

o Potential local practitioners: non-governmental organisations (e.g., Nepal
Mahila Ekata Samaj, NMES), national societies (e.g., National Society for
Earthquake Technology — Nepal, NSET), research institutes (e.g., Southasia
Institute of Advanced Studies, SIAS).

o Further sources of information: government agency reports; preparedness
plans across scales (e.g., national, regional, local, community levels); Nepali
(and additional language) newspaper articles; social media content; further
semi-structured interviews and focus group discussions with members of urban
poor communities and practitioners working with them; etc.

o Ensuring the dynamic nature of the tool through continued evaluation and
implementation of recommendations (e.g., using Theory of Change).

Reviewer 2 (R2) (Anonymous)

(R2-00): “This study presents a methodology to identify single and multi-hazards using the
Kathmandu Valley, Nepal, as case study. The methodology contains different approaches,
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such as searching academic literature, grey literature, media, databases, and social media,
but also involving directly stakeholders though workshops. It is important to have this type of
data, especially for regions with less resources. | particularly liked the use of the multi-hazard
data during the workshop to work on potential DRR strategies. | think the study is aligned with
the scope of the journal. | have minimal technical remarks on the methods, but some on the
discussions.”

(Reply to R2-00): We would like to express our sincere thanks to Reviewer 2 for their time,
insights and constructive engagement in refining the manuscript. We respond below to R2’s
main comments.

(R2-01): “The manuscript is well written but also very long. | believe part of that is due to
repetitive language that could be avoided and made more direct. There are too many cross-
references (ex: “This will be shown in section XX”; “... this was shown in section YY”). While |
would not expect significant changes on the writing for this study, my recommendation for the
authors on future work is to keep things direct, linear and to the point.”

(Reply to R2-01): Thank you for your comment on the written style of the manuscript; we are
grateful for this constructive feedback on how to present subsequent research more concisely.
When writing this manuscript, we wanted to clearly signpost the reader and indicate linkages
between sections to aid readability and ensure a logical narrative. In repeating some content
across multiple sections, we aimed to outline important information found elsewhere in the text
in the case that the reader only engages with some sections of the manuscript. We will go
back over the manuscript and see if places where we used cross-referencing might be reduced
without loss of functionality and will double check for any repetition to reduce text.

(R2-02): “Most crucially for me is that the discussion sections 4.1, 4.2 and 4.3 read as a
summary or continuation of the results. Instead, the discussion should offer interpretation and
reflection on the results (what do they mean?) and comparisons with past findings (literature).”

(Reply to R2-02): Thank you for drawing our attention to this area for refinement within the
Discussion section. Please see responses to comments on Sections 4.1, 4.2 and 4.3 below
for details of the in-text amendments we will make.

Detailed comments:
(R2-03): “Line 48 to line 52 seems to be redundant, maybe a copying mistake?”

(Reply to R2-03): Within the identified text (lines 48-52), we will remove the final sentence as
follows:

“Table 1 summarises six systematic studies compiling multi-hazard interrelationships on a
regional scale, including the systematic methodologies used and the region to which the
methodology is applied. The methodologies vary from critical literature reviews to multi-hazard
risk analyses as tools to gather information about multi-hazard mterrelatlonshlps across

Fegrena#sea#e—[Removed]”
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(R2-04): “Line 78-79: Maybe briefly define technical terms, such as hazardscapes (line 78)
and (Multi-hazard) interrelationship (line 79).”

(Reply to R2-04): We will define hazardscape as follows:

Hazardscape — “Here we use the framework of hazardscapes to understand the connections
between hazards, physical landscapes, socio-political factors and global influences (e.g.,
Mustafa, 2005; Khan, 2009).”

We will add a definition of multi-hazard interrelationships and include examples on line 79 (see
also reply to R1-02).

(R2-05): “Section 3.2: It is an interesting demonstration of the multi-hazard table (Figure 6) for
designing causal diagrams. While not the aim of this study, the actual representation of these
causal diagrams should include also direct effects. This increases the complexity of the multi-
hazard events & impacts. In the examples provided, a storm also directly causes flood and
extreme temperature also directly contributes to urban fires, and they should be included in
the diagram.”

(Reply to R2-05): Thank you for this comment. There are a number of secondary hazards we
could identify on the left-hand side matrix of Fig. 6 that are directly triggered by the primary
hazards in the matrix, and which could then be placed into the causal diagram on the right-
hand side. For example, a storm can cause (visible portion shown of the matrix on the left-
hand side of Fig. 6) an earthquake, volcanic eruption, landslide, flood and ground collapse.
Similarly, the extreme temperature (heat) can trigger or increase the probability of multiple
other secondary hazards. The purpose of the causal diagrams is to give a simplified and
illustrative diagram for the stakeholder to understand. To enforce that the causal diagrams are
just one of many possibilities, we suggest leaving the diagram as is (so as not to
overcomplicate it) and instead we will address in the text that the dynamic scenarios (causal
diagrams) given on the right-hand side of Fig. 6 are just one of many hazard interrelationship
scenarios that can be derived from the matrix, and give some other examples in the text
(including those that R2 mentions).

(R2-06): “Section 4.1: | do not follow what is meant by frequency magnitude relationship. In
fact, | did not see a discussion on the frequency, but a quick description of some hazards that
happened in the past. This is not informative. | think it's important to address: what do those
numbers suggest? Why are some hazards more common than others? What should a
stakeholder or reader take out from your analysis on the different hazards?”

(Reply to R2-06): In Section 4.1 (“Frequency magnitude information”) we will refer to some of
the studies which have summarised frequency magnitude relationships for multi-hazard
interrelationships (e.g., Tilloy et al., 2019) and amend this section to include a discussion of
the implications of these frequency magnitude relationships. We will also discuss why some
hazards occur, or influence, Kathmandu Valley more frequently than others.

(R2-07): “Section 4.2: Your two challenges: “Globally, there is a focus on reporting and
describing single hazards instead of detailed information on hazard interrelationships. //
Globally, research and understanding of single hazards are more established than for multi-
hazard interrelationships.”
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These are obvious remarks, and should be the starting point of the discussion and not a
conclusive remark. The following sentences are just continuations of the results, mentioning
how much low cases of multi-hazards are found. That is a result, not a discussion. You should
aim for answering questions like: What does the literature say about it (more specifically: is
this more common in the global south? Are there regions where this is not an issue? What
have other studies done to overcome this?); Why is it harder to find detailed information on
hazard interrelationships? How do your findings fit in the general scheme built in the
literature?”

(Reply to R2-07): We thank the reviewer for this thoughtful comment and will take this on
board. We will consider how to refine and develop the content of Section 4.2 (“Challenges in
finding case study evidence of multi-hazard interrelationships that have influenced Kathmandu
Valley”) in response to the discussion points suggested. This will include added depth to the
current manuscript on the following points:

e Examination of the literature on the sparseness of multi-hazard interrelationship
information (e.g., in the context of the “Global South” compared to other regions).

e Some of the barriers that exist to the collection and documentation of multi-hazard
interrelationships across contexts, and briefly mention some tentative ways that the
disaster risk reduction (DRR) community might overcome these challenges.

e How the findings of the paper fit and are situated within the broader literature.

(R2-08): “Section 4.3: Even though there is more contextualization in this section, | think it is
still a long section describing results, instead of really discussing them. A direct paragraph
discussing the implications of the findings without describing results would be an
improvement.”

(Reply to R2-08): We will refine Section 4.3 (“Workshop findings”) to further develop the
contextualisation of the multi-hazard interrelationship scenarios and impact examples that we
extracted from the respective Padlet pages. This will include implications of these data and
their application in the context of existing disaster risk reduction (DRR) strategies and policy
in Kathmandu Valley and Nepal more broadly.
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