RESPONSE TO REVIEWER 2 — SPECIFIC COMMENTS

Please find our responses and corrections to your suggestions below.

It is not mentioned whether tsunami damage by debris or others has been filtered or identified.
This issue is particularly present at port facilities, where ships, containers, trucks and other
materials relevant to port industries can impact structures. | have heard of work related that has
attempted to quantify its impact (by Kentaro Kumagai, for instance).

The reason | mention this is that it could explain some of the features present in data. For
instance, in Fig. 5 it is remarkable that DS4 levels can be attained by very small water depths,
whilst no DS3 or DS2 states are present. This defies the "ordered" notion of damage that is the
basis for the analysis.

Its clarification can also help in explaining some of the later results. The authors point in the
paragraph L397-L409 to two main causes for the results: A design oriented to higher standards,
that could help in explaining low damage at larger depths; and/or that there is a decorrelation
with inundation depth. This is understood that damage is less dependent on water depth alone
(at least it is implied in the text. The closing sentence leaves many doors opened and it is
inconclusive), though it can be as well interpreted in the opposite way.

Interestingly, incorporating debris can also help in clarifying some of the other features in the
data. For example: the authors analyze the variability or accuracy of their results. Typically, they
observe that some industries have less data and that is the reason for the low accuracy (smaller
data size, which is mentioned once or twice in the text). However, in reviewing the data, it looks
to me that the industries with less accuracy are characterized by a narrow range of depths (for
instance, Warehousing does not exceed 6.0m) whilst having a somewhat uniform distribution of
damages. That is, the frequency count of DS1 to DS4 is relatively uniform. So, more damage can
be found for a narrow range of small depths. The authors note this explicitly in Line 466, but they
chose to use other explanation routes. To me, this also points to the decoupling of damage and
flow depth, and could point to other sources of damage that have not been accounted for.

| would recommend the authors to expand a little bit on this regard, and explore its potential
effect on their analysis. | think it is a relevant caveat of these studies, because what we see is the
end result, and the chain of events that lead to the damage is often absent. It is quite the leap of
faith to assume that this is only due to the tsunami hydrodynamics alone, and even from them,
just to the water depth.

We thank the reviewer for bringing up an important point and providing insightful comments.
Unfortunately, through our visual interpretation of spatial sources (such as Google StreetView), we
did not assess and found it challenging to identify debris impact at a building level. However, we do
agree with the reviewer and acknowledge that debris impact is a potential (and alternative) cause
of some of the damage observed. We have looked into available work on the topic and included
some of our interpretation in this regard in our revised manuscript.

Corrected manuscript:

[Lines 394 —-408] Other factors such as debris impact and proximity of the structure to the shoreline
should not be discounted when considering differences in the response of each industry to tsunami
impacts. Tsunami-borne debris can contribute significantly to structural damage. This issue is
particularly present in port facilities, where ships, containers, mobile equipment, construction
materials such as wood logs and concrete objects can impact on structures. Port structures are
typically of more robust construction and therefore, they act as barriers in the path of debris motion
for as long as inundation depth is lower than the structure height (Reese et al., 2007; Naito et al.,
2014). As a result, they are more likely to be subjected to damage from debris impact (Charvet et
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al., 2015). While debris impact is location-specific and does not affect all areas in the same ways,
some industries may be more susceptible to debris impact than others. For example, in cargo
handling and construction materials industries, where mobile large objects such as containers and
wood logs are stored in open yards, there is a higher concentration of potential debris and
therefore, a higher debris delivery potential (Naito et al., 2014). Kumagai (2013) surveyed the post-
mortem dispersal of containers after the 2011 Tohoku event and found that containers, which were
not washed out to sea, were mostly dispersed within the terminals where they were located in.
Many of these containers were also found to be concentrated around buildings surrounding the
container yards without travelling further inland (Kumagai, 2013; Naito et al., 2014), which suggests
that damage sustained to structures within these facilities are more likely a consequence of the
combined effect of debris impact and tsunami flow than hydrodynamic force alone.

[Lines 441 — 451] These findings can alternatively be justified by the effects of debris impact. A
couple of studies (e.g. Charvet et al, 2015; Macabuag et al., 2015) have found the
inclusion/omission of debris impact to have an effect on fragility models. Macabuag et al. (2015)
demonstrated that models that include regression parameters considering debris impact have a
better fit (statistically more significant) than models that do not. The authors also argued that the
omission of debris information will likely introduce systematic bias to the fragility models. In this
study, debris impact has not been explicitly considered in the development of fragility models,
though it could be a source of uncertainty in our fragility models. Intuitively, structures that were
damaged by debris would fall into higher damage states and likely experienced higher tsunami
intensity values (i.e. depth and velocity). By neglecting debris impact, it is unsurprising that
confidence intervals tend to widen towards higher depth values for DS 3 and DS 4 (Fig. 8). Similarly,
by neglecting debris information, fragility functions derived for industries, such as cargo handling
and construction materials industries, that are more heavily impacted by the debris-related damage
are expected to have greater uncertainties.

[Lines 509 — 510] Second-order factors beyond flow regime such as debris impact and proximity to
the shoreline could also have an effect on model accuracies.

Fig 5: The caption is a bit confusing, because it mentions outliers associated with damage first,
but then they are related with water depths. At this point the relation is not established.

Thank you for pointing this out. We have removed the description on outliers in Fig.5 caption to
avoid the confusion for readers, as it has little to no relevance to the rest of the manuscript.

Corrected manuscript:
[Line 292] Fig. 5. Histograms of each damage state. Distribution of damage data indicates non-
normality and DS 1 accounts for the majority of the dataset. Qutliers-exist-in-DS-3-and-4-with-ne

damace a orded-forinundation cen-6-toZ-4-metres—O a e-notremoved

Figure 7: Perhaps in addition to the frequency count, use percentages. That would allow to
compare more clearly among industries.

Thank you for the suggestion. The changes have been incorporated in Fig. 7. as shown in the
appendix below.

Line 411 mentions "mean value" but then L418 refers to the median. | tend to think we are
referring to median. Please check for consistency throughout the text.
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Thank you for pointing this out, changes have been made in Line 432 in the corrected manuscript.

Corrected manuscript:
[Line 432] ... confidence intervals around the saean median of the resulting probabilities.

Fig 8: Perhaps gridlines would help to compare among subplots.

Thank you for the suggestion. Gridlines have been incorporated into our subplots in Fig. 8, and
accordingly in Fig. 11 (refer to Appendix).

We hope that our responses and corrections satisfy and address your concerns. We thank you again
for your time and believe that your suggestions have helped improve the quality of this manuscript.
We are happy to address any other questions that you might have.
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Appendix — Corrected Manuscript (Figures)

Inundation Depth Counts

Damage State Counts
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Fig. 7. Data attributes of the port industries affected by the 2011 Great East Japan tsunami.




a) Cargo Handling Industry
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b) Warehousing and Distribution
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Fig. 8. Fragility curves with 95% confidence bands for port industries identified in this study. Chemical,
cargo handling and construction materials industries appear to be more vulnerable to tsunami
inundation depths, while petrochemical and warehousing and distribution industries have lower
damage probabilities for the same inundation depths. Wider confidence bands imply greater
variability in uncertainty and could be results of smaller sample sizes.
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a) North Tohoku: Manufacturing Indust

L =

b) South Tohoku: Manufacturing Industry
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d) South Tohoku: Food Industry
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Fig. 11. Fragility functions developed for manufacturing industry in (a) North Tohoku, (b) South Tohoku
as well as food industry in (c) North Tohoku and (d) South Tohoku. To evaluate the effects of preceding
earthquake damage on overall damage assessment, datasets for each industry were divided into
North and South regions. Mean accuracies for each dataset were derived using a 10-fold cross-
validation to determine if the accuracies of the fragility models are affected by the compound effect
of earthquake and tsunami.



