Reviewers' Comments:

Reviewer #1:
Remarks to the Author:
General comments:Several potential limitations for consideration.

1. There are a number of studies in this field that are not cited, including prior studies using claims
data and Medicare data to measure impacts on health care cost and utilization after disasters.

2. Misclassification of exposure is always a concern when the exposure is measured at the county
level and the outcome is individual. How do we know that those who go to the hospital were the
same who were actually exposed.

3. Most studies in this field only assess the impacts of a single disaster in each location. By
including only counties with a single disaster event there can be a clear follow-up period and
reduced confounding by multiple types of disaster events, however, this does reduce power.

4. Difference in differences has also been used fairly widely in these studies due to their
susceptibility to confounding by unmeasured differences between the exposed and unexposed
populations. Was this considered?

5. Were any Census or other covariates (e.g.,percent renter-occupied units, median household
income, percent of persons who speak English less than well and percent of adults with more than
high school education) used for adjustment? These variables have been used previously in
developing social vulnerability indices and controls in county-level studies.

Specific comments on manuscript:

Abstract: Although there is more to be done, I would not say that there are limited studies on the
health outcomes from disasters. There are academic studies as well as a larger grey literature
related to data from regular public health surveillance and enhanced surveillance (e.g., in shelters)
after disasters. A major challenge of all disaster research is exposure misclassification. With
exposure assigned at the county level, and health outcomes at the individual level, it is not
possible to know if the hospitalized individual was actually exposed. Yes, targeted preparedness
strategies but also Medicare and other systems should improve preparedness.

Introduction: There are more factors than climate change - subsidence, increases in the
proportion of impervious surfaces — the damage in terms of dollars is also only one piece of the
severity measure as we have increased the investment at risk as more populations (and the
concomitant infrastructure to manage them) have moved to locations at higher risk of a natural
disaster.

Page 3: CVD, dialysis should be mentioned

I feel that the last paragraph of the introduction could be deleted.

Results: Again, there is a potential problem with exposure misclassification.

Page 4: Most studies only allow for a single disaster exposure — what is different about counties
(and their populations) who have multiple exposures over the study period?

Page 5: Could this peak be capturing substituted hospitalization for care missed due to the
disaster, such as home health, in patient rehab, MD offices closed so only place for care? The
decline in cancer hospitalizations would seem to be related to missed appointments — some
cancelled by patients and others by providers. There are several papers that address this (Radcliff
et al. using VA data)

Page 5: What does a 100% increase mean? What are the raw numbers? Is there a way to report
rates as part of the numbers in Lines 127-1347

Discussion: People may be deterred from seeking care if evacuation orders are issued, if EMS
services are suspended for non-evacuees. There is an issue with just identifying health outcomes
with no real plausible relationship with intensity or duration of disaster exposure (e.g., leukemia).
Page 8: There are most definitely cases where disaster exposure prevents normal care
management. Please see POST KATRINA



Page 9: There are data on most frequent injuries and time periods in which they are most likely.
Page 9: The multiple mentions of supply lines for essential medications seems a stretch. In 1 or 2
days? Tropical storms have highly improved forecasting and warning time in days, not hours or
minutes. Supplies can be stockpiled and supply lines and logistics systems fortified in advance.
Page 10: Stress is the result of far more than property damage or loss of life. Financial concerns,
intimate partner violence, insecurity of all types is exacerbated by a disaster’s impacts.

Page 11: Line 245: Missed dialysis should be mentioned. Several papers:

It should be mentioned that they number of infectious diseases are relatively small. Again, shelter
surveillance for respiratory and GI conditions to address possible outbreaks.

Line 257: No need to bring COVID to this paper. Start this paragraph with Disasters, such as...the
other statements are an overreach.

Line 261: Health care systems have many provisions in place such as shelter in place to ensure
personnel are in place.

Page 12, Line 283: This study doesn’t address capacity. In natural disasters, hospital emergency
capacity is also another literature. Should not be mentioned here. Again, the number of deaths
directly caused by disasters in the U.S. is relatively small.

Page 13: We have highly improved and relatively accurate forecasting. Telemedicine and remote
prescription is again an over reach. Not at all clear how this is relevant to hospitalization during
tropical cyclones.

Reviewer #2:

Remarks to the Author:

Parks and colleagues leveraged a large Medicare dataset in the US with 70 million hospitalizations
over 16 years to examine how tropical cyclone wind exposures affect hospitalizations from 13
disease categories and common sub-categories. They found that tropical cyclone exposure was
associated with increases in hospitalizations from respiratory diseases, infectious and parasitic
diseases, and injuries, but decreased cancer-related hospitalizations and no consistent changes in
cardiovascular disease hospitalizations. This study is by far the most comprehensive study
investigating the effects of tropical cyclone exposures on cause-specific hospitalizations. The study
is well-conducted in terms of both exposure assessment and statistical methods. I enjoyed reading
this manuscript. The discussions on both biological plausibility and limitations are remarkably clear
and well acknowledged. Thus, I only have a few minor comments for the authors to consider in
improving this paper.

Specific comments

1. Is it possible to compare the difference in hurricane-related risks between emergency room
visits and other hospitalizations? Given the decreases in hospitalizations from cancer and some
specific cardiovascular diseases, and the authors’ argument that chronic and “non-emergency
procedures being delayed or rescheduled,” it would be interesting to see if the hurricane exposures
would increase cancer or cardiovascular hospitalizations transferred from emergency room visits.

2. Please briefly justify the reason for choosing wind speed as the exposure metric for tropical
cyclones, but not other metrics such as rainfall or flooding. Are the wind field modeling data

validated against observations from weather stations?

3. In the primary statistical model, why not control for potential confounding from relative
humidity?

4. Page 6, Lines 136-137. Please briefly describe the sensitivity analyses and associated findings
here.

5. Lines 294-295. This statement is not based on the results of this study. During storms that are



often leading to power outrage or Internet connection lost, telemedicine might not be a good
choice.

Reviewer #3:
Remarks to the Author:
Tropical cyclone exposure is associated with increased hospitalization rates

Thank you very much for the opportunity to review the manuscript entitled, Tropical cyclone
exposure is associated with increased hospitalization rates, submitted for consideration for
publication in Nature Communications.

This paper makes an important contribution to the field by presenting a cogent and consistent
analysis of the patterning of 70 million Medicare hospitalizations over a 16-year period of analysis.
An innovative approach has been devised for examining tropical cyclone exposure based on wind
field modeling in order to comprehensively map counties experiencing at least one day of gale
force winds associated with tropical systems during the 16-year analysis window that could then
be matched to Medicare hospitalizations over the subsequent 7-day period.

This yielded an array of Gulf of Mexico and eastern seaboard counties, along coastlines but also
extending far inland because these tropical systems retained their strong wind hazards, and
sometimes, their cyclonic signatures, for prolonged periods as they moved over large geographic
expanses. This was a brilliant decision that provides a comprehensive look at tropical cyclone
impact on population health, at least in the one dimension analyzed, patterns of Medicare
hospitalization. The massive size of the data sampled permitted a nuanced presentation of
hospitalization patterns that rationally fit the realities of storm impacts over multiple hurricane
seasons.

The series of figures showcases the results in a vivid manner that allows the reader/viewer to
easily understand the patterns of hospitalization by disease category and days post-impact. This is
an elegant portrayal of the data.

Recommendations for consideration:

Please consider specifying in the title that the focus is on Medicare hospitalizations. This represents
a very important subset of inpatient admissions. This is an older subpopulation with much higher
utilization rates and prevalent morbidities and co-morbidities. Tropical cyclones alter their
utilization patterns as clearly depicted. Nevertheless, patterns of injury and health services
utilization for storm-related conditions are likely to be quite different for younger residents in the
same storm-affected areas. The specificity of this paper, focusing on the Medicare population, is
clarified right away in the abstract but should also be conveyed in the title.

There is a cursory mention of anthropogenic climate change in the introduction along with a cluster
of citations. Several important papers, including several by Kossin might wisely be added. Also,
the Knutson paper (#15) in BAMS is actually Part II of a 2-part series. Consider citing Part I also,
as it is equally or more relevant.

It might be wise to add or expand on two points in the discussion. Please consider:

First, please explain why were analyses presented only through 2014? Some of the most
remarkable and active storm seasons have occurred from 2015 through 2020. These were the
years that included such memorable storms as Matthew, Harvey, Irma, Maria, Florence, Michael,
and Dorian.



Second, especially with progressively increasing influences of climate change on tropical cyclone
behavior, the water hazards (storm surge, coastal wave action, extreme rainfall totals and
precipitation rates, widespread inland freshwater flooding) are equally prominent hazards that both
increase demand for hospitalization but also impede access. Take the example of Hurricane Harvey
in 2017 (outside your window of analysis but well known). Winds quickly died down to below
tropical storm force but with the center of circulation remaining near-stationary over the western
Gulf, the storm unleashed 33 trillion gallons of rain on Texas and a portion of Louisiana over five
days (with rainfall totals over 60 inches in some areas). Same for Florence over the Carolinas in
2018. This might be worth a mention. If data sets are available, this might make for an intriguing
future analysis.

Authors are wise to indicate that future analyses should be extended to persons who are younger
than the Medicare population.

Because of the focus on inpatient hospitalization and the decision to limit the timeframe to seven
days post-impact, neuro-psychiatric hospitalizations show minimal changes except for a blip of
delirium and dementia cases. Nonetheless, outpatient and inpatient consultation for cyclone-
associated PTSD and mood disorders are likely to become an important feature of health care
utilization starting 5-6 weeks following impact. Optional, but might be worth a comment when you
discuss this cluster of diagnoses.

Finally, the tone of your commentary about what you are observing for each disease category
“sounds” a bit speculative and uncertain as I read what is written. For example, you speculate
about the dramatic surge in respiratory admissions for disorders like COPD (CLRD) and mention a
bit hesitantly that perhaps this could be due to power outages. This is almost certainly the case. As
one example, the frequently-hit state of Florida has a designated special needs shelter ("SpNS”) in
every county and a list of persons registered for pick up and transport to this retrofitted facility
that is equipped with a massive, elevated (above flood waters) auxiliary generator that maintains
power for days when local electrical service in the area is completely offline. Inside, these
electrically-dependent (typically oxygen-dependent) local residents are able to plug in their
concentrators and maintain the life-giving flow of oxygen even as the storm is raging outside (this
reviewer has been onboard a SpNS during multiple hurricanes and the system works well). I add
this lengthy comment to say, the one voice that seemed to be missing was that of someone who
has considerable direct, onsite storm experience to provide a more confident tone to your
interpretations.

This is an excellent paper and an important addition. Thank you for dedicating your time to
preparing and clearly presenting your analysis.

James M. Shultz



We thank the Editors and Reviewers for their thoughtful and constructive suggestions. We have
revised the manuscript and added sensitivity analyses in response to the Reviewers’ comments,
as detailed below.

All page/line/reference numbers refer to the tracked manuscript.

Reviewer 1
General comments: Several potential limitations for consideration.

We thank the Reviewer for the thoughtful and constructive suggestions. We have responded
point-by-point to the Reviewer’s questions and comments below.

1. There are a number of studies in this field that are not cited, including prior studies
using claims data and Medicare data to measure impacts on health care cost and
utilization after disasters.

We have added some previous studies in the Introduction in the revised manuscript to better
represent existing literature (P. 3, Lines 53-58):

Some studies have reviewed general evidence of health impacts of storms and hurricanes,
primarily using case studies, for cardiovascular diseases, respiratory diseases dialysis-, and
injury-related hospitalizations, showing harmful impacts overall.%**33 Other studies have
previously used claims and Medicare data to measure impacts of disasters, including how
mortality and morbidity was affected in the Medicare population after Hurricane Katrina®*
and changes in Medicare cost and utilization.>’

2. Misclassification of exposure is always a concern when the exposure is measured at the
county level and the outcome is individual. How do we know that those who go to the
hospital were the same who were actually exposed?

The Reviewer is certainly right to point out that exposure misclassification is commonly raised
as a worthy consideration for large-scale epidemiologic studies such as ours. Our group, in fact,
is committed to quantifying and correcting for exposure measurement error in health studies,
primarily in air pollution applications.(Hart et al., 2015; Kioumourtzoglou et al., 2014; X. Wu
et al., 2019; Zeger et al., 2000) Non-differential misclassification of binary exposure would
bias results towards the null.(Carroll, Ruppert, Stefanski, & Crainiceanu, 2006) There is no
reason to believe that exposure misclassification in this study would be correlated with the
number of events per county, as exposures were independently estimated. Therefore, any
misclassification of exposure would indicate that our estimates in Figures 3-5 would be an
underestimate, if anything. We would also like to clarify that we did not assess the outcome at
the individual level. The dependent variable in all analyses was the number of cause-specific
daily events per county. Our aim, therefore, was to adequately capture county-wide average
population exposure.

We are confident that our exposure classification for counties over space and time are accurate
for several reasons, as reported in a research paper in press by our group.(Anderson et al., 2020)
First, wind fields of tropical cyclones tend to be much larger than the size of a county.
Therefore, the majority of the counties in our study will have been clearly either completely
within the wind field or completely outside. Second, wind speeds evolve slowly moving out
from the storm center, except if very near the coast or very near the center of the storm. In those



cases, it will be unusual for the winds to be near that 34-knot threshold. Instead, they would
usually be well above the threshold and, therefore, the county would be classified as exposed
anyway.

Further, we agree with the Reviewer that we cannot guarantee in our study that those who go
to the hospital were the same who were exposed. This is a known source of potential
misclassification in all observational environmental epidemiologic studies that do not have
information on the location of all cohort participants at each time point. Given the massive
amount of data we leveraged for this analysis, it would not have been feasible to collect
information for all Medicare enrollees’ exact locations each day over the 16 study years.
However, this would also bias our results to the null, resulting in an underestimate of the
association.

We thank the Reviewer for raising these valid issues, and we have elaborated on these points
to the limitations of the revised manuscript (P. 15, Lines 349-354):

First—weFirst, exposure misclassification is likely. Our results are based on patient county of
residence; this may not necessarily be the location of the patient during a tropical cyclone.
Furthermore, although we conducted analyses at the county level, tropical cyclone wind fields
tend to be larger than the size of a county.’® Any misclassification, nonetheless, is likely non-
differential as it is not expected to be correlated with the outcomes assessed. Any resulting
bias, therefore, would be towards the null.”’

3. Most studies in this field only assess the impacts of a single disaster in each location. By
including only counties with a single disaster event there can be a clear follow-up period
and reduced confounding by multiple types of disaster events, however, this does reduce
power.

We agree that most studies in the field have hitherto assessed the impacts of a single disaster
in each location; this in fact formed part of the stimulus for carrying out the research in our
study (PP. 2-3, Lines 39-42). Our goal was to investigate the average impact of exposure to
tropical cyclones on a comprehensive list of hospitalization causes, including less intense
tropical cyclones, the impacts of which have not been previously thoroughly evaluated, as they
are always universally recognized as disaster events. Furthermore, our distributed lag model
can accommodate multiple tropical cyclone events and has previously been used to model the
impacts of heat waves (Bobb, Obermeyer, Wang, & Dominici, 2014) and snowstorms (Bobb
et al., 2017) on adverse health outcomes. Because the model estimates a different effect for
each lag day, it can accommodate a day that, for example, is two days after one exposure event
and also four days after another (P. 28, Lines 688-690).

4. Difference in differences has also been used fairly widely in these studies due to their
susceptibility to confounding by unmeasured differences between the exposed and
unexposed populations. Was this considered?

We agree with the Reviewer that confounding by unmeasured differences between exposed
and unexposed populations in an observational study is always a concern. We also agree that
the Difference in Difference (DID) approach is one way of handling such issues. However,
DID approaches (1) require a comparison between an exposed population and a different, but
exchangeable, unexposed population and, importantly, (2) also assume no unmeasured
confounding.(Wing, Simon, & Bello-Gomez, 2018) With our approach, using a conditional



quasi-Poisson model matching on county,(Armstrong, Gasparrini, & Tobias, 2014) we only
contrast an exposed county with itself at a comparable time, in this case by also matching on
Julian day of year, thus fully adjusting for month and season. By this matching structure, we
are, therefore, fully controlling for all confounding by factors that vary across counties and
seasonal trends. We additionally adjusted for other potential temporal confounders, including
day of week and long-term trends. For this reason, our design, for this analysis, is more
appropriate and robust than a DID approach.

5. Were any Census or other covariates (e.g., percent renter-occupied units, median
household income, percent of persons who speak English less than well and percent of
adults with more than high school education) used for adjustment? These variables have
been used previously in developing social vulnerability indices and controls in county-
level studies.

For this analysis, we controlled for any factors that would vary across counties by matching on
county. Specifically, we used a conditional quasi-Poisson model,(Armstrong et al., 2014)
where we only contrast an exposed county with itself at another comparable time, effectively
accounting for any exogeneous or endogenous differences across counties. Therefore, Census
or other covariates that vary across counties cannot induce confounding in this study design.
Furthermore, we adjusted for long-term trends in the statistical model, also effectively
controlling for any time trends in these variables within counties.

Specific comments on manuscript:

Abstract: Although there is more to be done, I would not say that there are limited studies
on the health outcomes from disasters. There are academic studies as well as a larger grey
literature related to data from regular public health surveillance and enhanced
surveillance (e.g., in shelters) after disasters. A major challenge of all disaster research is
exposure misclassification. With exposure assigned at the county level, and health
outcomes at the individual level, it is not possible to know if the hospitalized individual
was actually exposed. Yes, targeted preparedness strategies but also Medicare and other
systems should improve preparedness.

We agree with the Reviewer that there are not limited numbers of previous studies, but in
reference to hospitalizations and tropical cyclones, our study is a major step forward due to the
exhaustive nature of our datasets. We have modified the language in the abstract (P. 2, Lines
16-19):

Hurricanes and other tropical cyclones have devastating effects on society. Previoustimited
studies have quantified their impact on several-some non-fatal health outcomes. Here, we used

data on 70 million Medicare hospitalizations and tropical cyclone exposures over 16 years
(1999-2014).

We understand the Reviewer’s concern about exposure misclassification. Please see our
detailed response regarding exposure misclassification in our study and expected direction of
bias in the Reviewer’s General Comment #2 above.

Introduction: There are more factors than climate change — subsidence, increases in the
proportion of impervious surfaces — the damage in terms of dollars is also only one piece
of the severity measure as we have increased the investment at risk as more populations



(and the concomitant infrastructure to manage them) have moved to locations at higher
risk of a natural disaster.

We thank the Reviewer for this suggestion. We have updated the revised manuscript
accordingly (P. 2, Lines 35-37):

The intensity of tropical cyclones is predicted to change;alongwith-their-impacts-on-heealth;

due to anthropogenic climate change.” """ Land subsidence’’ and increases in the

proportion of impervious surfaces®! may further exacerbate cyclone impacts.

Page 3: CVD, dialysis should be mentioned.

We thank the Reviewer for this suggestion. We have updated the revised manuscript
accordingly (P. 3, Lines 53-55):

Some studies have reviewed general evidence of health impacts of storms and hurricanes,
primarily using case studies, for cardiovascular diseases, respiratory diseases dialysis-, and
injury-related hospitalizations, showing harmful impacts overall %2533

I feel that the last paragraph of the introduction could be deleted.

We thank the Reviewer for the suggestion. With the last paragraph in the Introduction, we
justify the need for our study and what knowledge gaps we think it helps address. We also
explicitly state our aim and put our research in the context of climate and health research.
However, in response to the Reviewer’s previous comments and in agreement with the revised
Introduction section, we have removed the word ‘substantial’ (P. 4, Lines 65-67):

Despite these prior findings and biological plausibility, there is an overall-substantial
knowledge gap in consistently and comprehensively quantifying how tropical cyclone exposure
drives hospitalizations across time and space.

Results: Again, there is a potential problem with exposure misclassification.

We would refer the Reviewer to our detailed response to the Reviewer’s General Comment #2
on exposure misclassification.

Page 4: Most studies only allow for a single disaster exposure — what is different about
counties (and their populations) who have multiple exposures over the study period?

Counties along the coast were generally exposed more than those inland (manuscript Figure
1), with the largest overall number of exposures in North Carolina (P. 4, Lines 80-84). We
agree with the Reviewer that it is important to investigate the differential impacts of tropical
cyclones on health outcomes, for example by geography and by socio-economic and
demographic factors. Ours is the first exhaustive study of the association between tropical
cyclones and numerous cause-specific hospitalizations; our primary analyses investigate
associations with 13 classes of hospitalization causes and our secondary analyses with more
than 100 causes. Further evaluating potential effect modification by socio-demographic factors,
thus, is beyond the scope of this analysis. However, future studies should certainly explore
these. We have provided more comment in the Discussion section of the revised manuscript
(P. 16, Lines 362-367):



Our results may not generalize to younger populations; further studies to investigate
assoczatlons in dlﬁ‘erent age groups are warranted Ourresuits-arelt will also based-onpatient

be important to understand the

zleea-ﬂeﬁdszerentlal lmpactv of #}e—pa-&em—dbﬁma—a—troplcal eyelonecyclones on_health

outcomes by geography, as well as socio-economic and demographic factors.

Page 5: Could this peak be capturing substituted hospitalization for care missed due to
the disaster, such as home health, in patient rehab, MD offices closed so only place for
care? The decline in cancer hospitalizations would seem to be related to missed
appointments — some cancelled by patients and others by providers. There are several
papers that address this (Radcliff et al. using VA data)

We agree with the Reviewer that some of the peaks evident in Figure 3 may be in part due to
care missed, including ambulatory care. In several places in the Discussion, we highlight this
possibility (for example, P. 8, Lines 186-188; P. 9, Lines 209-212; P. 10, Lines 217-219; PP.
12-13, Lines 286-288; P. 13, Lines 298-300). We have also added explicit examples of other
kinds of care potentially missed due to the disaster, including ambulatory care (P. 9, Lines 196-
201):

Cancelled inpatient appointments might also play a key factor here, with non-emergency
procedures being delayed or rescheduled-° The subsequent peak one to three days after
exposure may in part be driven by patients visiting the hospital for care missed at locations
other than the hospital (e.g., at home or at the family physician’s offices) due to disruption
from a tropical cyclone. There is also evidence that proximity to a tropical cyclone’s path may
result in the area’s ambulatory (outpatient) care being disrupted.”’

The Reviewer also highlights how the pattern shown in hospitalizations from cancers may also
be due missed appointments. In the Discussion, we highlight the possibility that the reduction
in hospitalizations from cancers was potentially due to several factors, including damage to
infrastructure and supply line disruption appointments (PP. 12-13, Lines 286-288). We also
suggest that the reduction in hospitalizations due to cancers may also be driven by the reduction
in the delay of some pre-arranged admissions for patients with known chronic cancers (P. 13,
Lines 290-292).

In any case, it is important to know how distribution of hospitalizations is impacted in the
immediate aftermath of a tropical cyclone, since the daily disruption to hospitalizations has
ramifications for hospital capacity and planning. Furthermore, we show that there are overall
increases in hospitalizations for some outcomes (manuscript Figure 6), which shows that the
disruption is not merely the moving around of patient visits, but an actual overall increase in
hospitalizations, particularly for respiratory diseases and injuries. Future large-scale studies
can build upon how and where the hospitalizations happened with more detailed data, such as
cases in nursing homes. Relevant to this, we have added a line in the Discussion of the revised
manuscript (P. 16, Lines 367-371):

Further work is needed to specifically understand which hospitals would need to be prepared

wzth the forecast of a troplcal cyclone—%%epaﬁa%&reeerdc—eﬂ{%eapﬁﬁe—emﬂgeﬁ@%m

%H%ﬁ&mqpeﬁam—m—aﬁder%aﬁd—kmﬁﬁa{—wpaﬁty—ﬁeeek— along Wlth whzch sources of health

care are disrupted.




In addition, we have performed an extra analysis to understand the differences in association
of tropical cyclones with emergency and non-emergency hospitalizations, which is shown in
the Figure below, now in the revised Supplementary Information as Supplementary Figure 1.
As the Figure illustrates, there are some distinct differences in how emergency hospitalization
rates change after tropical cyclone exposure compared to non-emergency hospitalizations. For
instance, cancer non-emergency hospitalization rates decrease at first. In contrast, cancer
emergency hospitalization rates show no change on the day after to the end of the lag period
(days 1 through 7), though there is still a decrease on the day of the tropical cyclone exposure.
This is in agreement with the Reviewer’s comments that missed or cancelled appointments may
be driving the reduction in hospitalization rates for cancers after tropical cyclone exposure.

We have summarized the findings of this new analysis in the revised manuscript (PP. 5-6, Lines
111-123):

For several causes (cardiovascular diseases, endocrine disorders, genitourinary diseases,
infectious and parasitic diseases, nervous system diseases, and skin and subcutaneous tissue
diseases) hospitalization risk followed a similar pattern, decreasing on the day of exposure,
peaking one to three days later, and gradually returning to the rate expected during unexposed
days within about a week. We also examined the association between tropical cyclone exposure
and daily hospitalization rates by type of hospital admission (emergency vs. non-emergency;
Supplementary Figure 1). Generally, non-emergency hospitalization rates decreased in the
first few days after tropical cyclone exposure before returning to no change in subsequent days,
with the exception of infectious and parasitic diseases, for which we estimated increases in
non-emergency hospitalizations for lags 1, 2, and 4. Emergency hospitalization rates for
cardiovascular diseases, respiratory diseases, and injuries increased in the days after tropical
cyclone exposure, with other causes generally showing lower or no decreases across days, in
comparison to non-emergency hospitalizations.

We have also added a summary sentence in the Discussion in the revised manuscript (P. 8,
Lines 180-182):

Changes in emergency hospitalization rates drove increases in hospitalization rates, with
decreases driven by reductions in non-emergency hospitalizations.
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Percentage change in hospitalization rates associated with tropical cyclone exposure
Supplementary Figure 1: Percentage change in hospitalization rates with tropical cyclone
exposure by cause of hospitalization, type of hospital admission and lag time (days after
tropical cyclone exposure). Dots show the point estimates and error bars represent Bonferroni-
corrected 95% confidence intervals.

Page 5: What does a 100% increase mean? What are the raw numbers? Is there a way to
report rates as part of the numbers in Lines 127-134?

All of our results in manuscript Figures 3, 4, and 5 are given as relative (percentage) changes
in hospitalization rates, which we describe in the Methods section of the original manuscript.
The coefficient estimated from the statistical model is the log rate ratio between exposed and
unexposed, accounting for the matching structure and adjusting for confounders. A 100%
increase, therefore, indicates a doubling in the rate of hospitalizations per hurricane exposure.
For more clarity, we have added an explicit explanation of what the percentages mean before
describing those Figures in the Results section (P. 5, Lines 104-105; P. 6, Lines 125-127; PP.
6-7, Lines 138-144):

We present these results in Figure 3, which displays results as relative (percentage) changes
in hospitalization rates after tropical cyclone exposure.

In Figure 4, we present average relative (percentage) changes in hospitalization rates across
the eight examined lag days across the 13 categories in the main analysis, as well as for sub-
categories with at least 50,000 hospitalizations during our study period.

In addition, we examined the distinct impact of tropical cyclone exposures in which the
county’s peak sustained wind was hurricane force (Beaufort scale hurricane-force winds, =64
knots) compared to tropical cyclone exposures with lower local winds (Beaufort scale gale- to



violent storm-force winds, >34 to <64 knots) (Figure 5). Of the 2,547 county-day exposures
(Figure 1), 116 (5%) were hurricane force and came from 20 hurricanes. Across categories,
the relative (percentage) changes in hospitalization rates during hurricane-force exposures
broadly amplified the overall tropical cyclone effects presented in Figure 3.

The numbers quoted from Figure 6, on which the Reviewer has asked for clarification, are
indeed based on the relative change in hospitalization rates from the 13 main causes of
hospitalization that populate Figures 4 and 5. We have added some additional clarification in
describing Figure 6 to clarify this (P. 7, Lines 149-154):

Finally, we estimated the total number of additional hospitalizations for tropical cyclone
exposure per decade in the week following the day of exposure across all counties included in
our analysis. We used the resuitant-riskrelative (percentage) changes in hospitalization rate
estimates of each category on day of and each day after exposure, as shown in Figures 3 and
4, along with the average hospitalization rates during May to October in 1999 — 2014 and
average decadal tropical cyclone exposure, described in detail in Methods.

Discussion: People may be deterred from seeking care if evacuation orders are issued, if
EMS services are suspended for non-evacuees. There is an issue with just identifying
health outcomes with no real plausible relationship with intensity or duration of disaster
exposure (e.g., leukemia).

We agree with the Reviewer and have added an explicit mention about how evacuation orders
may act as a deterrent to those seeking care, in addition to the other reasons that behavior may
change in the week after tropical cyclone exposure (P. 9, Lines 203-206):

Tropical cyclone wind exposure can impact hospitalizations via direct (e.g., from physical
trauma during exposure) or indirect (e.g., disrupting normal care management at local health
care providers, causing damage to critical infrastructure which subsequently impacts health
or via longer-term impacts from stress) pathways.%

We also agree with the Reviewer that lack of biological plausibility for the observed
relationships may be of concern. However, ours is the first study to comprehensively examine
the association between tropical cyclones and hospitalizations, providing a framework to
analyze many different main causes and sub-causes of hospitalizations. And though there may
not be well-defined biological pathways, behavioral and psychological impacts are also
important. Our findings, therefore, can inform future studies to investigate specific outcomes
in more detail. We have added to the existing text in the Discussion of the revised manuscript
(P. 16, Lines 373-378):

There is some limited evidence to suggest that there are measurable long-term impacts on
health in the years after a disaster.>**-Characterizinglonger-term-health-impeacts-of-tropicel
eyelones-is-eritieat’”*® There are plausible causal links between health outcomes and tropical
cyclone exposure for many of the associations here,5?*33 but more work needs to be done to
identify and formalize these pathways.

Page 8: There are most definitely cases where disaster exposure prevents normal care
management. Please see POST KATRINA



We agree with the Reviewer and have added an explicit mention of disruption to normal care
management to the list of indirect impacts from tropical cyclone exposure (P. 9, Lines 203-
206):

Tropical cyclone wind exposure can impact hospitalizations via direct (e.g., from physical
trauma during exposure) or indirect (e.g., disrupting normal care management at local health
care providers, causing damage to critical infrastructure which subsequently impacts health
or via longer-term impacts from stress) pathways.%

Page 9: There are data on most frequent injuries and time periods in which they are most
likely.

We have now reworked this section to explicitly mention the kinds of injuries which are likely
during the immediate period after a tropical cyclone (P. 10, Lines 223-230):

Injury hospztaltzatlons ﬁmy—be—mepaefed—by—ﬁdepfeﬂ—@%elene—eﬁepeﬁﬁe—b%h—dﬂfe}b%

pﬁmemﬁe—b%%%,—l&eeﬁaﬂem,—%d—efkﬁc—éare zmpacted by troplcal cvclone exposure both

directly and indirectly. During and immediately after tropical cyclones exposure, common
injuries originate from transport accidents, structural collapse of buildings, wind-borne
debris, falling trees, and downed power lines.’> Days after exposure, other injuries such as
puncture wounds, lacerations, falls from roof structures, chainsaw mishaps, and burns take
more prominence in hospitalizations.>?

Page 9: The multiple mentions of supply lines for essential medications seems a stretch.
In 1 or 2 days? Tropical storms have highly improved forecasting and warning time in
days, not hours or minutes. Supplies can be stockpiled and supply lines and logistics
systems fortified in advance.

We recognize that supply lines for essential medications to patients would likely not be
disrupted due to depletion of stock at the local supply source, such as pharmacies. Rather, it is
likely that damage to transport infrastructure makes it difficult for residents in exposed counties
to access the local supply source or that the pharmacy itself is closed. Our revised manuscript
clarifies this point (P. 11, Lines 250-259):

Tropical cyclone exposure could also indirectly lead to increases in acute cardiovascular
disease hospitalizations, due to increased stress and physical challenges brought about during
and following exposure.’ —as—well-as—disrupting—supply—lines—for-Disruption of access to
essential medicines_from closure of local supply sources, such as pharmacies, may also
contribute to negative cardiovascular health outcomes.*>*5 Although we did not observe short-
term changes (i.e.,?-Althongh-we-did-not-observe-short-term-changes(i-e= in first week after
tropical cyclone exposure) in cardiovascular disease hospitalizations, longer-term negative
impacts of tropical cyclone exposure on cardiovascular diseases have been observed, several
years after exposure itself.**’

Page 10: Stress is the result of far more than property damage or loss of life. Financial
concerns, intimate partner violence, insecurity of all types is exacerbated by a disaster’s
impacts.



We thank the Reviewer for bringing these to our attention. The revised manuscript mentions
more sources of stress which are likely to materialize during the immediate period after a
tropical cyclone (P. 12, Lines 280-282):

Tropical cyclone exposure can cause stress and anxiety following potential financial concerns,
intimate partner violence, loss of property, loss of family and friends, and other sources of
insecurity.?540.49

Page 11: Line 245: Missed dialysis should be mentioned.

We thank the Reviewer for this suggestion. We have added this to the revised manuscript (P.
13, Lines 302-305):

Access to dialysis due to renal failure in the aftermath of a tropical cyclone would also rely on

constant supply of electricity, which—when cut at home—_or unavailable at a local care

provider—may result in additional hospitalizations for fluid and electrolyte disorders.**!

It should be mentioned that the number of infectious diseases are relatively small. Again,
shelter surveillance for respiratory and GI conditions to address possible outbreaks.

We thank the Reviewer for this suggestion. We have mentioned that the overall number of
infectious diseases is small (P. 14, Lines 326-329):

When a storm or hurricane passes through, stagnant and unclean water is often left behind,’>3
which can be optimal breeding grounds for many diseases, including infectious and parasitic,
skin and subcutaneous, blood and digestive system diseases,”>>? though absolute numbers are
small compared with other hospitalization causes.

Line 257: No need to bring COVID to this paper. Start this paragraph with Disasters,
such as...the other statements are an overreach.

We have removed any reference to COVID-19.

Line 261: Health care systems have many provisions in place such as shelter in place to
ensure personnel are in place.

We have revised the manuscript to incorporate this comment (P. 15, Lines 339-343):

While some cause-specific_hospitalization rates may not change on _average in the week
following a tropical cyclone, the distribution of hospitalization rate changes during the post-
cvclone week requires careful planning. Although many health care systems already have
provisions in place, findings from our study may further inform planning.

Page 12, Line 283: This study doesn’t address capacity. In natural disasters, hospital
emergency capacity is also another literature. Should not be mentioned here. Again, the
number of deaths directly caused by disasters in the U.S. is relatively small.

We have removed the sentence from the revised manuscript.



Page 13: We have highly improved and relatively accurate forecasting. Telemedicine and
remote prescription is again an over reach. Not at all clear how this is relevant to
hospitalization during tropical cyclones.

We have removed references to telemedicine and remote prescription from the revised
manuscript.

Reviewer 2

Parks and colleagues leveraged a large Medicare dataset in the US with 70 million
hospitalizations over 16 years to examine how tropical cyclone wind exposures affect
hospitalizations from 13 disease categories and common sub-categories. They found that
tropical cyclone exposure was associated with increases in hospitalizations from
respiratory diseases, infectious and parasitic diseases, and injuries, but decreased cancer-
related hospitalizations and no consistent changes in cardiovascular disease
hospitalizations. This study is by far the most comprehensive study investigating the
effects of tropical cyclone exposures on cause-specific hospitalizations. The study is well-
conducted in terms of both exposure assessment and statistical methods. 1 enjoyed
reading this manuscript. The discussions on both biological plausibility and limitations
are remarkably clear and well acknowledged. Thus, I only have a few minor comments
for the authors to consider in improving this paper.

We thank the Reviewer for this thoughtful and generous assessment. We have responded point-
by-point to the Reviewer’s questions and comments below.

Specific comments

1. Is it possible to compare the difference in hurricane-related risks between emergency
room visits and other hospitalizations? Given the decreases in hospitalizations from
cancer and some specific cardiovascular diseases, and the authors’ argument that chronic
and “non-emergency procedures being delayed or rescheduled,” it would be interesting
to see if the hurricane exposures would increase cancer or cardiovascular hospitalizations
transferred from emergency room visits.

We agree with the Reviewer that this would be an interesting analysis, and did additional work
to understand the differences in association of tropical cyclones with emergency and non-
emergency hospitalizations. This is shown in the Figure below, now in the revised
Supplementary Information as Supplementary Figure 1. Our additional analysis reinforces our
suggestion that non-emergency appointment delays or rescheduling are likely driving the
reduction in hospitalization rates in the first few days after tropical cyclone exposure for several
causes, including cancer and cardiovascular disease hospitalizations. The Figure below also
shows an increase in emergency cardiovascular disease hospitalizations rates 2-7 days after
tropical cyclone exposure, in contrast to non-emergency hospitalizations, which decrease or
remain the same. Cancer emergency hospitalization rates remain unchanged, apart from the
day of tropical cyclone exposure, whereas non-emergency hospitalization rates remain lower
for 0-2 days after tropical cyclone exposure.

We have summarized the findings of this new analysis in the revised manuscript (PP. 5-6, Lines
111-123):



For several causes (cardiovascular diseases, endocrine disorders, genitourinary diseases,
infectious and parasitic diseases, nervous system diseases, and skin and subcutaneous tissue
diseases) hospitalization risk followed a similar pattern, decreasing on the day of exposure,
peaking one to three days later, and gradually returning to the rate expected during unexposed
days within about a week. We also examined the association between tropical cyclone exposure
and daily hospitalization rates by type of hospital admission (emergency vs. non-emergency;
Supplementary Figure 1). Generally, non-emergency hospitalization rates decreased in the
first few days after tropical cyclone exposure before returning to no change in subsequent days,
with the exception of infectious and parasitic diseases, for which we estimated increases in
non-emergency hospitalizations for lags 1, 2, and 4. Emergency hospitalization rates for
cardiovascular diseases, respiratory diseases, and injuries increased in the days after tropical
cyclone exposure, with other causes generally showing lower or no decreases across days, in
comparison to non-emergency hospitalizations.

We have also added a summary sentence in the Discussion in the revised manuscript (P. 8,
Lines 180-182):

Changes in emergency hospitalization rates drove increases in _hospitalization rates, with
decreases driven by reductions in non-emergency hospitalizations.
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2. Please briefly justify the reason for choosing wind speed as the exposure metric for
tropical cyclones, but not other metrics such as rainfall or flooding. Are the wind field
modelling data validated against observations from weather stations?

We largely based our analysis on understanding the association between tropical cyclones and
hospitalizations in line with the definition for emergency preparedness for disasters. When a
storm’s maximal sustained winds reach 34 knots (62 km/h, 17 mph; gale-force wind on the
Beaufort scale), it is defined as a tropical cyclone and if it exceeds 64 knots (118 km/h, 73 mph;
violent storm-force wind on the Beaufort scale) as a hurricane. The World Meteorological
Organization (WMO) gives names to tropical cyclones based on their tropical storm-level
winds,(WMO, 2020) which the National Oceanic and Atmospheric Administration (NOAA)
then uses to plan forecasts and emergency planning. In addition, a smaller-scale study
examined how different cyclone-related characteristics relate to respiratory disease
hospitalizations and found that wind speed was the most strongly-associated with
outcomes.(Yan et al., 2020)

In our study, we used wind speed as a surrogate for an overall tropical cyclone exposure.
However, tropical cyclones are multi-hazard events, also characterized by other features, such
as rainfall and flooding. To explicitly investigate associations with distinct tropical cyclone-
related hazards, a multi-hazard analytical framework would be required and is outside the scope
of this study. Therefore, to provide a parsimonious study of health impacts of tropical cyclones
with as much relevance as possible to existing frameworks of disaster preparedness, we decided
to focus on wind-based definitions of tropical cyclones. We have discussed this in the revised
manuscript (P. 16, Lines 378-380):

We also focused on defining a tropical cyclone by wind speed, as it has direct relevance for
identifying a tropical cyclone and therefore emergency planning.33%!

The differential impact of tropical cyclones based on their exposure profiles is a potential area
of research that may aid forecasting hospitalization burden more accurately. We have therefore
added to the revised manuscript (P. 16, Lines 380-383):

Understanding in more detail whether including more information about specific tropical
cyclone-related hazards, such as rainfall and flooding, in combination with wind, modify the
impact of tropical cyclones on health outcomes will be an important direction of future
research.

The wind field data are validated against observations from weather stations. We have added
this detail to the revised manuscript (P. 26, Lines 638-640):

In brief, an exhaustive assessment of tropical cyvclones was generated from those recorded in
the HURDAT? dataset based on wind field modeling and validation against observations from
weather stations.%*

3. In the primary statistical model, why not control for potential confounding from
relative humidity?

Relative humidity in our study area can be impacted by a tropical cyclone via heavy rainfall
and storm surges,(Khouakhi, Villarini, & Vecchi, 2017; L. Wu et al., 2012) i.e., relative
humidity can succeed exposure and, thus, act as a mediator for some of the outcomes in our



study. Adjusting for potential mediators in the statistical model can explain some of the
association of interest away, thus biasing effect estimates towards the null.(Rothman,
Greenland, & Associate, 2014) Therefore, we have not adjusted for relative humidity.

4. Page 6, Lines 136-137. Please briefly describe the sensitivity analyses and associated
findings here.

We have added more detail from the Methods section to this part of the revised manuscript (P.
8, Lines 165-167):

We also fit models (1) including the temperature on the day of tropical cyclone exposure, as
well as temperature terms of up to seven days after exposure and (2) without a temperature
term. Our results were robust to these sensitivity analyses.

5. Lines 294-295. This statement is not based on the results of this study. During storms
that are often leading to power outrage or Internet connection lost, telemedicine might
not be a good choice.

Yes, thank you! We have removed this from the revised manuscript.

Reviewer 3
Tropical cyclone exposure is associated with increased hospitalization rates

Thank you very much for the opportunity to review the manuscript entitled, Tropical
cyclone exposure is associated with increased hospitalization rates, submitted for
consideration for publication in Nature Communications.

This paper makes an important contribution to the field by presenting a cogent and
consistent analysis of the patterning of 70 million Medicare hospitalizations over a 16-
year period of analysis. An innovative approach has been devised for examining tropical
cyclone exposure based on wind field modelling in order to comprehensively map counties
experiencing at least one day of gale force winds associated with tropical systems during
the 16-year analysis window that could then be matched to Medicare hospitalizations over
the subsequent 7-day period.

This yielded an array of Gulf of Mexico and eastern seaboard counties, along coastlines
but also extending far inland because these tropical systems retained their strong wind
hazards, and sometimes, their cyclonic signatures, for prolonged periods as they moved
over large geographic expanses. This was a brilliant decision that provides a
comprehensive look at tropical cyclone impact on population health, at least in the one
dimension analyzed, patterns of Medicare hospitalization. The massive size of the data
sampled permitted a nuanced presentation of hospitalization patterns that rationally fit
the realities of storm impacts over multiple hurricane seasons.

The series of figures showcases the results in a vivid manner that allows the reader/viewer
to easily understand the patterns of hospitalization by disease category and days post-
impact. This is an elegant portrayal of the data.

We thank the Reviewer for this thoughtful and generous assessment. We have responded point-
by-point to the Reviewer’s questions and comments below.



Recommendations for consideration:

Please consider specifying in the title that the focus is on Medicare hospitalizations. This
represents a very important subset of inpatient admissions. This is an older
subpopulation with much higher utilization rates and prevalent morbidities and co-
morbidities. Tropical cyclones alter their utilization patterns as clearly depicted.
Nevertheless, patterns of injury and health services utilization for storm-related
conditions are likely to be quite different for younger residents in the same storm-affected
areas. The specificity of this paper, focusing on the Medicare population, is clarified right
away in the abstract but should also be conveyed in the title.

We thank the Reviewer for the suggestion. We have amended the title to ‘Tropical cyclone
exposure is associated with increased hospitalization rates in older adults’.

There is a cursory mention of anthropogenic climate change in the introduction along
with a cluster of citations. Several important papers, including several by Kossin might
wisely be added. Also, the Knutson paper (#15) in BAMS is actually Part II of a 2-part
series. Consider citing Part I also, as it is equally or more relevant.

We agree and have added these references to the revised manuscript (P. 2, Lines 35-37):

The intensity of tropical cyclones is predicted to change;alongwith-their-impacts-on-heealth;

due to anthropogenic climate change.” """ Land subsidence’’ and increases in the

proportion of impervious surfaces’! may further exacerbate cyclone impacts.

It might be wise to add or expand on two points in the discussion. Please consider:

First, please explain why were analyses presented only through 2014? Some of the most
remarkable and active storm seasons have occurred from 2015 through 2020. These were
the years that included such memorable storms as Matthew, Harvey, Irma, Maria,
Florence, Michael, and Dorian.

We absolutely agree with the Reviewer that including data from more recent hurricane seasons
would have given us the opportunity to include in analyses these memorable storms. However,
this would require extensive data harmonization and would greatly delay this publication,
which we think is very timely, especially after the catastrophic record-breaking 2020 season.
Specifically, to identify cause-specific hospitalizations, we used the International
Classification of Diseases (ICD) coding system. In the United States, the ninth revision, clinical
modification (ICD-9-CM) was used until 2014. After this, in 2015, the United States switched
from the ninth revision to tenth revision. Therefore, the data for our study period (1999 —2014)
use a consistent system for the assignment of medical cause of hospitalization. This change in
coding system in the United States has caused issues arising in emergency departments from
clinically-incorrect coding of hospitalizations.(Krive et al., 2015) Extending the study period
past 2014 would potentially cause considerable coding issues for many causes of
hospitalizations and would have led to large jumps in hospitalization rates, which would impact
the output of the model reliability.

We have added comments in the revised manuscript in the Discussion encouraging future
studies to include more recent years (P. 16, Lines 383-386):



Our study included millions of hospitalizations over a decade across all counties impacted by
tropical cyclones in the United States during this period. In more recent years, however, many
catastrophic tropical cyclones have made landfall and future studies should include these data.

Second, especially with progressively increasing influences of climate change on tropical
cyclone behavior, the water hazards (storm surge, coastal wave action, extreme rainfall
totals and precipitation rates, widespread inland freshwater flooding) are equally
prominent hazards that both increase demand for hospitalization but also impede access.
Take the example of Hurricane Harvey in 2017 (outside your window of analysis but well
known). Winds quickly died down to below tropical storm force but with the center of
circulation remaining near-stationary over the western Gulf, the storm unleashed 33
trillion gallons of rain on Texas and a portion of Louisiana over five days (with rainfall
totals over 60 inches in some areas). Same for Florence over the Carolinas in 2018. This
might be worth a mention. If data sets are available, this might make for an intriguing
future analysis.

We agree with the Reviewer, and Reviewer 2 who also discussed other hazards, that this would
certainly make for an interesting future analysis. We have added comments to the revised
manuscript in the Discussion relevant to this (P. 16, Lines 380-383):

Understanding in more detail whether including more information about tropical cyclone-
related hazards, such as rainfall and flooding, in combination with wind, modify the impact of
tropical cyvclones on health outcomes will be an important direction of future research.

Authors are wise to indicate that future analyses should be extended to persons who are
younger than the Medicare population.

Thank you!

Because of the focus on inpatient hospitalization and the decision to limit the timeframe
to seven days post-impact, neuro-psychiatric hospitalizations show minimal changes
except for a blip of delirium and dementia cases. Nonetheless, outpatient and inpatient
consultation for cyclone- associated PTSD and mood disorders are likely to become an
important feature of health care utilization starting 5-6 weeks following impact. Optional,
but might be worth a comment when you discuss this cluster of diagnoses.

We absolutely agree with the Reviewer that is critical to also examine different risk periods,
including longer than a week post exposure. Our group is very interested in the impact of
tropical cyclones on chronic outcomes and such analyses are already under way. Our aim for
this study was to comprehensively characterize the relationship between tropical cyclones and
numerous cause-specific hospitalizations during the week following exposure. We have,
therefore, very carefully selected a study design and an analytical framework that are most
appropriate for investigation of acute effects. Investigations of longer-term health impacts of
tropical cyclones would require etiological hypotheses and modelling structures distinct from
the scope of this study.

We encourage more studies focusing on longer-term outcomes in the Discussion (P. 16, Lines
375-378):



There are plausible causal links between health outcomes and tropical cyclone exposure for
many of the associations here,%*%33 but more work needs to be done to identify and formalize
these pathways. Characterizing longer-term health impacts of tropical cyclones is critical.

Finally, the tone of your commentary about what you are observing for each disease
category “sounds” a bit speculative and uncertain as I read what is written. For example,
you speculate about the dramatic surge in respiratory admissions for disorders like
COPD (CLRD) and mention a bit hesitantly that perhaps this could be due to power
outages. This is almost certainly the case. As one example, the frequently-hit state of
Florida has a designated special needs shelter (“SpNS”) in every county and a list of
persons registered for pick up and transport to this retrofitted facility that is equipped
with a massive, elevated (above flood waters) auxiliary generator that maintains power
for days when local electrical service in the area is completely offline. Inside, these
electrically-dependent (typically oxygen-dependent) local residents are able to plug in
their concentrators and maintain the life-giving flow of oxygen even as the storm is raging
outside (this reviewer has been onboard a SpNS during multiple hurricanes and the
system works well). I add this lengthy comment to say, the one voice that seemed to be
missing was that of someone who has considerable direct, onsite storm experience to
provide a more confident tone to your interpretations.

We agree with the Reviewer and have rephrased sections of the Discussion in the revised
manuscript to reflect more certainty.

This is an excellent paper and an important addition. Thank you for dedicating your time
to preparing and clearly presenting your analysis.

We thank the Reviewer for the kind and thoughtful words above.
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