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Review of the manuscript No. NHESS-2022-166
“Lava flow hazard modelling during the 2021 Fagradalsfjall eruption, Iceland: Applications of
MrlLavaloba” by Pedersen et al.

This manuscript deals with the numerical modelling of lava flow before and during the 2021
Fagradalsfjall volcanic eruption in Iceland. I see that the manuscript was significantly changed
based on the reviewer’s comments: it is shortened, many issues have been clarified, references
have been added. Meanwhile, | have a few structural issues and a few scientific points to be
clarified before the manuscript could be accepted for publication.

Structure of the manuscript.

- Abstract, Introduction and Conclusion contain identical sentences, which should be avoided.
We agree with this comment, and we have deleted or changed sentences that were identical or very
similar.

- The abstract must also contain a sentence or two sentences that describes the main findings of
the modelling. It should also contain elements describing the context of your work as well as a
sentence comparing your work to existing knowledge explaining the importance of your work in
the context of disaster management.

Thanks for this comment. We have added two sentences describing the results and how they were
used. Because of the different simulation strategies implemented at different phases of the eruption,
there is not one or two major findings, and because abstracts for research articles in NHESS are
requested to have a length of 100—200 words, it is somewhat limited what can be described. In addition
to the rephrasing to avoid repetition with introduction and conclusion we have added the following
sentences:

“The model provided promising results that were shared regularly on stakeholder meetings with the
monitoring personnel, scientists and civil protection representatives helping to identify potential short-
term and long-term lava hazards, including evaluation of the timing of barrier overflow and the filling and
spilling of lavas from one valley to another.”

- The Introduction section should contain more than it is now presented (2 paras).
So originally the introduction was the first 2 paragraphs under section 1 as well as two sub chapters (1.1:
5 sections and 1.2: one section), and now two additional subsections have been included.

It should state about the topic of the manuscript and why it is important to the natural hazards’
community, to the advancement of knowledge, and to society.

Thanks,- In the first section of the introduction we state “Being located in the backyard of the capital
Reykjavik and the international airport, thousands of people visited the eruption each day, which
therefore needed intense monitoring and thorough hazard assessment (Barsotti et al., 2023)” and “, it
became a case study for the monitoring and hazard assessment for future effusive eruptions since
several volcanic systems on the Reykjanes peninsula have the potential to issue lava into inhabited areas
or inundate critical infrastructure.” These sentences highlight why this topic was relevant to society
(safety of thousands of visitors and case study for future eruptions) and the main question or task of this
paper is how the lava flow hazards were addressed during the Fagradalsfjall 2021 eruption.



Furthermore, the following sentence is of interest to the natural hazard community and advancement of
knowledge: “The model proved to be a useful and a flexible tool to evaluate pre-eruption as well as syn-
eruptive short-term and long-term hazards during the 6-month long effusive event. Different
approaches as well as new developments of the code were used to account for the changes in the
eruptive behavior, and to resolve challenges provided by the complex topographic terrain, where
infilling and overflowing of nested valleys created time-evolving hazards for visitors. Additionally,
strategies for lava barrier testing were developed and near-real time syn-eruptive topographic models
were incorporated as the eruption progressed.”

It should introduce the region under the study and present a summary of the state-of-art
knowledge about lava flow in the region.

This is in the section “Geological setting and eruptive history, which upon request from reviewer 3 now
is included in section 1.1 + 1.2.

The authors should cite the publications that initiated the main debate or posed the main
questions, which are intended to be addressed. The authors should not limit themself to their
own papers on the subject or to those of their close collaborators, and to give proper credit to all
opinions/ideas published on the subject (e.g., operational lava flow modelling). Such description
of the works done earlier will allow the authors to position your finding in the Discussion section
(based on the modelling) with respect to what is known/done before this study.

We are unsure of what the reviewer is referring to. In the section “Lava flow simulations” (now section
1.3) We start addressing different types of numerical models and then provide a short overview of
operational lava flow modelling from Etna, Hawaii, Piton de la Fournaise and other lava flow modelling
of other recent eruptions. Of the 35 references in this text, three are from co-authors (one of them cited
twice), and another four (one cited three times) are from collaborators. We therefore don’t think we
have limited ourselves to cite our own or close collaborators work. If the reviewer thinks we forgetting
specific references we welcome suggestions to references in order to improve the section.

The authors should also state the outstanding questions that need to be addressed on the topic
of your paper, the essential data or constraints that need to be collected.

As stated above the main purpose of this paper is how the lava flow hazards were addressed during the
Fagradalsfjall 2021 eruption. We hope this is clear from the introduction, if not before then after the
changes performed in this review including the rearrangement. The essential data is discussed under the
data section.

Partly this is done, but structurally, the paper jumps from one topic to another. Therefore, |
would propose to consider the following non-significant rearrangement of the sections.

- Sections order:

1. Introduction (add more information as it is described above) 1.1. Geological seffng and ...
(current sect. 2)

1.2. Fagra... and eruption (current sect. 2.1)

1.3. Lava flow ... (current sect. 1.1)

1.4. Lava flow hazard ... (current sect. 1.2.)

2. Data (current sect. 3.1)

2.1. Pre-erup... (current sect. 3.1.1)



2.2. Syn-erup... (current sect. 3.1.2)

3. Methods (current section 3.2 but drop the titles “3.2.1. SoRware” and “3.2.2. Implementation”)
4. Results to the end of the manuscript (as they are)

Such a small restructuring will allow reading fluently without linking the pieces to each other.
Thanks, this has been changed accordingly.

Scientific (and technical) points:

- Line 53. “In a chaotic way” — beter “in an unpredictable way”
Thanks this has been changed.

- Line 54. Codes cannot be stochastic or deterministic, but the methods can. So, before the use
the jargon “stochastic codes”, the authors should explain what it means.

Thanks, we used the term “code” in a somehow improper way. In the new version, we consistently used
the term “model” instead of “code” throughout the whole section 1.3 (and elsewhere, when needed), in
order to remove this issue.

- Line 82. The authors should discuss that the discharge rate and lava temperature/radiative heat
transfer should play an essential role in the lava flow patern and flow morphology.

Thanks, this is a very interesting topic and could be included in a separate chapter. However, we don’t
think that such a discussion fit into the description of lava flow hazard models in Iceland and would
prefer not to make this manuscript longer by adding a chapter that is not strictly necessary to
understand the paper.

We have added the following description to the deterministic models, which would be the primary
models that include such parameters.

That sentence now reads : “The so-called deterministic models are intended to mimic the behavior of
the natural systems by modeling physical processes based on a set of conservation equations
parameters including parameters such as lava discharge rate, lava temperature and heat transfer (e.g.,
Dietterich et al., 2017, FLOWGO: Harris and Rowland, 2001, PyFLOWGO: Chevrel et al., 2018,
MAGFLOW: Cappello et al., 2016a).”

- Line 85. How the second part of the sentence starting from “the earlier versions” is linked to the
first part of the sentence.

Thanks, we made this sentence more clear by adding “both” in the first sentence (to underline 2 models
were run) and simplified the latter sentence. The sentence now reads:

“Prior to the onset of the 2014-2015 Holuhraun eruption, both VORIS ran as part of the VOLCANBOX
package (https://volcanbox.wordpress.com/) within the VeTools project
(http://www.evevolcanoearlywarning.eu/vetools-objectives/), and the initial versions of the
MrLavaloba model started being run (de’ Michieli Vitturi and Tarquini, 2018).

- Lines 170-180. How does the roughness of the computational grid (compared to the fine 2m-size
DEM model) influence the results of the modelling? Different smoothing techniques applied to a
fine topographic surface (to create a rough computational grid) may result in changes of the lava
flow patern.

The point is interesting. However, a complete exploration of the effect of DEM smoothing techniques is
beyond the scope of the present work. The use of a 5 to 10 m resolution DEM for lava flow simulations is
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deemed adequate [e.g. Flynn et al. 2023, now added in the reference list], and the small changes in the
input DEM expected from the use of different smoothing techniques are expected to be negligible, also
considering the intrinsic probabilistic nature of the MrLavaLoba model. We added the following
sentence in the text “We note that the use of a 5 or 10 m cell size DEM is customary in lava flow
modeling (Flynn et al. 2023), we used a 2 m cell size DEM only when a higher detail was necessary.”

- Lines 184-187. How essential is to write the unnecessary detail in the part of the sentence
starting from “mainly following ...””? Do readers need the detail, which are not explained at all,
just stated? Will the details be used in this study? If not, | would delete this part of the sentence.
Thanks, this sentence has been deleted.

- Line 194. “ ... the lava field had become very complex to simulate.” This needs to be clarified.
What is the complexity of the lava field compared to pre-eruptive field? A new topographic
surface? If so, is it complex? The lava fills surface valleys making the new surface topography
smoother and less complex for computational aims.

Thanks, we have clarified this by adding “due changes in the vent activity and the expansion of the lava
field infilling multiple valleys at variable rates”. So as described we had a vent migration phase in April,
which complicated the lava flow modelling. Furthermore, the lava expansion into multiple valleys, which
would be infilled at different rates at different times (basically all lava would go into one valley one
week, subsequently a channel would get blocked and suddenly switching the lava into a different valley.
The sentence now reads: “(b) to update the computational domain from pre-eruption to syn-eruptive
topography for the short-term simulation after April 27, when the lava field had become very complex
to simulate due changes in the vent activity and the expansion of the lava field infilling multiple valleys
at variable rates.”

- Lines 204-205. “... the number of computational flows, and).” What the number of
computational flows mean? The number of the streams that the lava flow generates? How it can
be pre-defined? Also, is it something missing aller “and.”

Thanks. The computational flows are the chains of given number of “parcels”. We have rephrased the
sentence so this should be clearer:

“The MrLavaloba code requires (a) a computational domain constituted by the pre-emplacement
topography and (b) a series of input parameters (including e.g., vent(s) position and geometry, total
extruded lava volume, the number of computational flows). The lava emplacement is simulated as
elliptical lava”parcels” or “lobes” with a given area and thickness that are deposited step-wise along the
flow path constantly modifying the topography. Each new parcel buds from an existing one, so that the
simulation progresses by creating chains of a given number of “parcels”. The chains of parcels (making
up a flow path) are called computational “flows”.

- Line 208. “inertial” factor should be explained.

Thanks, we have improved the explanation of the “inertial factor”, and added a reference if deeper
explanation is needed. The sentence now reads:

“The direction of propagation of each parcel with respect to the parent parcel (the parcel where the
budding process occurs) is determined by the local direction of the steepest descent path (computed on
the topography with the addition of a random perturbation) and of an additional contribution (called
“inertial factor”) given by the direction of the parent parcel (de’ Michieli Vitturi and Tarquini 2018).”



- Line 209. What does “parent parcel” mean? Is this a branching model generating siblings
parcels? Please clarify.

Thanks, this has now been clarified and the sentence now reads: “The direction of propagation of each
parcel with respect to the parent parcel (the parcel where the budding process occurs)...”

- Line 213. How the “final lava thickness” is determined? Clarify.

Thanks, this is now clarified by changing the sentence to: “The model proceeds by iteratively setting new
parcels on the topography until their cumulative volume equals the lava volume prescribed for the
simulation. At the end of each simulation the model provides a raster map of the final lava thickness,
where each cell in the raster constitutes the cumulative thickness of all parcels that inundated that cell.”
- Lines 214 (and 443). “saving masked grids obtained by considering inundated cells”. Please
explain the meaning of “masked grids”. Does it belong to data augmentation? If so, why is it used
in the modelling? Also, explain what means “inundated cells” (those cells which is covered by a
modelled lava?)

Thanks for this comment. The masked grids are another type of result output from the model. this is
now clarified by change the sentence to:

“At the end of each simulation the model provides a raster map of the final lava thickness, where each
cell in the raster constitutes the cumulative thickness of all parcels that covered or inundated that cell.
The model also allows saving masked grids obtained by considering inundated cells fulfilling a specified
threshold value. As an example, if this threshold is set to 95% (0.95), the thinnest portion of the final
lava deposit (i.e. of the map of the final lava thickness) representing 5% of the total volume is
disregarded from the map, and constitute a “masked” map of the final lava deposit. This step is relevant
due to the probabilistic nature of the model, where the thinnest part of the final lava deposit represents
a lower probability of inundation, which may change between simulations with the same input
parameters. The 95% masked grids from different simulations tend to converge (de’ Michieli Vitturi and
Tarquini, 2018) and represent an area “more likely” to be inundated. Through iterations of a large
number of computational flows, MrLavalLoba handles the probabilistic aspect of lava emplacement (de’
Michieli Vitturi and Tarquini, 2018).”

- Line 216. “the probabilistic nature of the code” should be replaced “the probabilistic nature of
the model”.
Thanks, this has changed.

- Line 235. “the code was optimized to accelerate runs.” The optimization of the code should be
briefly described and not only refer to the formal changes in the code, but also to the basic
computational idea behind the modifications, e.g., faster computations based on new numerical
method, rapid grid change ...

Thanks, this has now been described: “Finally, the code was optimized to accelerate runs. This
improvement was primarily done by providing a faster method to update the topography as new lava
parcels are settled by constraining the computationally “expensive” “update topography” function to a
very limited area around the new lava parcel. With respect to the version available at the beginning of
the Fagradalsfjall unrest, the optimized code now is up to 5-10 times faster.”



- Line 262 (and elsewhere in the manuscript). Please clarify the definition of the worst-case
scenarios. In which sense they are worst. From the point of hazard assessment view, some of
them are not worst at all.

Thanks, this is a good point, and we have added the following sentences:

For the short-term pre-eruption scenario we changed “worst case” to “large effusion rate” scenario
(section 4.1.1) the first sentence now reads “The large effusion rate scenario was defined as fissures
with an assumed effusion rate of 300 m3/s which is considered high effusion rates on Reykjanes
Peninsula.”

And for the short-term scenarios described in 4.2.3 we added the following sentence in the 2" section
(L354-355)” The short-term worst-case scenarios were defined as a scenario where all lava emitted from
the vent would be transported to one of the critical lava margins, e.g., lava margins close to a hiking
path or infrastructure that could be inundated by the lava.”

- Line 272. Indicate the highways in Figs. 1 and 4 (black curve? or dashed curve?). Provide
explanation of the curves in the figure captures.

Thanks for pointing this out.

In the caption to figure 1 there is now a sentence describing this: “The highway is marked with a solid
black line, and dirt roads with dashed black lines. Hiking paths are shown in dashed blue”.

In figure 4 the following sentence has been added: “The highway is marked with a solid black line, and
dirt roads with dashed black lines.”

- Lines 294-95, 356-58, 368 (and elsewhere in the MS). “... during “emergency mode” response”
(and similar sentences about meetings with the stakeholders). In Table 2, in column
"Disadvantages" of the MrLavaLoba code, the authors write that "results not designed for hazard
communication". If so, what do then the results of the numerical modelling mean for
"emergency-mode" response? Clarify in the table and/or the text.

Thanks, we have elaborated on this in Table 2 by writing: “Results not designed for hazard
communication and templates to develop simple maps for hazard communication had to be produced.”

So basically, it meant that we have to do extra processing steps in order to present the results from the
numerical models. E.g., not present the lava flow thickness maps but just inundation areas, since this is
the primary concern for the stakeholders (as explained in 4.2.3). Furthermore, we had to decide how to
convey the uncertainty of the models (explained in 4.3).

When the templates were in place this was not a problem, but in the beginning the maps presented
were not so easy for the stakeholders to understand.

- Lines 374-75. “...the locations of critical lava margins were manually selected on the basis of the
available knowledge and expert evaluation.” Did the authors check the sensitivity of the manual
selection on the inundation morphology?

We do not fully understand this question, since it is unclear to us what the reviewer means by
“inundation morphology”. We have now (as you can see from the comment above regarding the worst-
case scenario) explained better what defines the critical margins “)” The short-term worst-case scenarios
were defined as a scenario where all lava emitted from the vent would be transported to one of the
critical lava margins, e.g., lava margins close to a hiking path or infrastructure that could be inundated



by the lava.” So, the manual selection was based on the available knowledge of the infrastructure and
hiking paths. We did not make sensitivity analysis of this.

- Lines 512-21. The first two paragraphs should be re-writen to avoid “copy-pasted” texts from
abstract and the Introduction section.
Thanks for pointing this out. Abstract, introduction and conclusion has been rewritten.

- Table 1. First column “Vents”. | guess that it is the number of vents (No. vents). Correct? If so,
replace it. In the current line “Vents”, please clarify the sign “/” (e.g., 2/10, Fissure 2/All...
5/Critical

Thanks, the cell previously called “Vents” is now called “Description of vents” and “/” has been replaced
by “or”.

In conclusion, addressing the issues here is crucial for the study to meet the standards of scientific
rigour and contribute to the field in a meaningful manner. Once the clarity in organization of the
paper and explanation/justification are provided, the result of the study can be considered
relevant for publication in NHESS.

Alik Ismail-Zadeh
Karlsruhe Institute of Technology



