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The authors thank the reviewers for a very detailed reading of the paper and substan-
tive comments that have clearly improved the research and its presentation. Below are
the original comments followed by our responses below them. A separate supplemen-
tal PDF is also uploaded with better differentiation (italics vs plain text).

Anonymous Referee #3 Received and published: 27 April 2020 General comments:
The paper entitled “Storm Tide Amplification and Habitat Changes due to Urbaniza-
tion of a Lagoonal Estuary” by Philip M. Orton et al. analyzes the impacts of historic
landscape changes within the 20th century in Jamaica Bay, New York City on present-
day storm tide water levels. The results of this study reveal considerable effects of
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especially channel deepening on storm tide peak water levels within the bay, which is
comparable to, and even exceeding, global mean sea level rise during the same pe-
riod. The work carried out by Orton et al. is scientifically solid, well written and the
presented results are highly relevant not only to Jamaica Bay, New York City, but also
to many other highly populated and developed coastal areas around the globe. The
methods are generally sound (some issues are listed below) and the conclusions are
supported by the presented data. | recommend publication of this article with minor
revisions.

My detailed comments are listed below: Page 7, lines 15 — 19: | think this part needs
some clarification. | would doubt that the landward edge of a saltmarsh equals the
extent of high tide flooding. This would mean that the marsh gets completely flooded
during most of the tides, which should not be the case. The upper edge of the high salt
marsh is usually only flooded during storm tides or the highest spring tides. What are
the implications of this approach to the validity of the results? Something, which could
also be taken up in the discussion.

The text was unclear, and changes have been made to clarify. We actually did use
the annual highest astronomical tide (HAT) as the elevation of the upper edge of the
high salt marsh. HAT was estimated using 1840s tide data from a nearby location with
a similar tide range (Governor’s Island, New York Harbor). Text has been revised to
change “high tide flooding” to read “highest astronomical tide flooding”.

Page 7, line 29: How was the digitized bathymetric and topographic data resampled
in order to meet the named 30 m grid resolution (line 2 page 6)? Which resampling
technique was used (e.g. bilinear, nearest or cubic etc.)?

Change made to clarify — Bilinear interpolation was used, and this word is added to the
text at that location.

Page 8, lines 7 — 9: Briefly outlining the methodology used to simulate the ensemble
of storm tides would help the reader. You could still write that a detailed description is
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given in Orton et al. 2016b.

Change made - the detailed description is actually given in the subsequent section,
and the text now refers to Section 2.3 for that information: “A hydrodynamic model
was applied to the historical and modern “landscapes” (land surface elevation and
roughness) and used to simulate an ensemble of storm tide events described in Section
2.3”

Page 8, lines 9-12: | would appreciate some more information on the functioning and
structure of the model sSECOM. What exactly does accurate mean? Can you provide
an estimate of the error associated with it?

Changes made — “The Stevens Estuarine and Coastal Ocean Model (sSECOM) is a free-
surface, hydrostatic, primitive equation model, with terrain-following (sigma) vertical
coordinates, set on an orthogonal, curvilinear Arakawa C-grid (Blumberg et al. 1999;
Georgas and Blumberg, 2010; Orton et al. 2012) ... Typical errors in hindcasts of
extreme storm tides (e.g. Hurricane Sandy) are 0.15-0.20 m (Orton et al. 2016).”

Page 8, lines 39-42: Does this mean you have assigned a single Manning n coefficient
to both eelgrass and saltmarsh vegetation? In the literature there are many studies
suggesting Manning n coefficients of 0.07 (Lawrence et al. 2004) or up to 0.08 for salt-
marsh surfaces (Stark et al. 2016, 2017; Temmerman et al. 2012) and | assume that
the roughness of seagrass beds should be considerably less. What was the decision
to take a value of 0.045 based on? What is the sensitivity of your model to variations
in these coefficients?

A model simulation was performed to quantify the uncertainty. We were unable to find
a Manning’s-n number in the literature for eelgrass (Zostera Marina). As eelgrass and
other macrophytes are widely accepted to reduce flow rates, we chose a simple route
and set the Mannings number to be the same as Spartina Alterniflora. In retrospect, |
agree that a lower value could have been better. To address the resulting possible bias,
I ran an experiment to quantify the effect on one sample 100-year storm tide event, a
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hurricane, and found the maximum difference occurred in the northern bay and was a
reduction of 8 millimeters for peak storm tide. This is because the eelgrass area is only
32% of the bay interior benthic substrate (below MSL elevation), and the flow during a
100-year storm tide event is 3-4m deep over this roughened surface. | conclude that
the choice of a high eelgrass mannings-n value does not significantly alter our results,
nor the main conclusions of the paper.

| think answering these questions is important, since you state that the “most dramatic
land cover change is from large areas of fringing wetlands (light blue) to urbanized
areas (red)” (page 10, lines 43 — 44) and because artificially recovering the wetlands in
your model has only resulted in a reduction of peak storm surge heights of -2% (page
18 lines 26-28). On the other hand, increasing Manning n coefficients to 0.025 for
scattered areas of lost eelgrass resulted in a peak reduction of 3%. This needs some
further explanations.

You are correct in your expectation that recovering fringing wetlands would reduce
storm tides significantly and that is shown in the paper (Fig. 8) — the experiment you
are referring to where there was a reduction of only 2% was for “interior” wetlands in the
center of the bay, not fringing wetlands. This is explained in the manuscript as being
a result of the deep channels running around these wetlands, so that storm tides do
not need to pass over them to reach neighborhoods. The experiment restoring fringing
wetlands actually reduced the hurricane storm tide more, by 13% (see same section of
text). The experiment where bottom roughness was raised to 0.025 across all seabed
areas within the bay led to a reduction in the hurricane storm tide of 3%, but | note that
this was not just scattered restoration of eelgrass, this was across-the-bay increase in
benthic roughness.

The manuscript was modified to be clearer on all these points: “For example, extensive
wetland restoration in the center of the bay (not the fringing wetlands) leads to a change
in peak storm tide of only -2%, because deep shipping channels around the wetlands
are the primary conduit for flood waters (Orton et al., 2015). A small rise in Mannings-n
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across the entire bay’s seabed from 0.020 to 0.025 (mimicking scattered areas of lost
eelgrass, sand bedforms or shells) reduced the peak by -3%. The other changes also
had relatively minor effects.”

Page 14, lines 17-20: Please consider moving this sentence to the discussion section,
as you start interpreting your results here.

Change accepted — this text was moved to the end of section 4.1.
Page 15, lines 25 — 33: This part should be moved into the discussion too.

This paragraph actually gives results — it is the first time tide range changes are pre-
sented. Moreover, the discussion and primary paper focus is on the topic of storm
tides. Thus, we have not made this change.

Page 20, lines 40-41: | suggest rephrasing this sentence to make it a little clearer: It is
not the sunlight that is reduced but due to increased turbidity, the light penetration into
the water column is reduced.

Change made, revising to: “They are known to decline in eutrophic conditions due to
the reduced sunlight that results from increased turbidity”

Figure 4: Perhaps it is just due to the system that created the pdf file, but the legends
of both maps are very hard to read. Please check and increase the size of the key.

Change made, increasing the legend on each panel by 25% in size.
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Please also note the supplement to this comment:
https://www.nat-hazards-earth-syst-sci-discuss.net/nhess-2019-343/nhess-2019-343-
AC3-supplement.pdf
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