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Sea Level Rise and Hurricane Florence storm surge research methodology

Hurricane Florence storm surge analysis was conducted using a variety of input sources. In order to determine the
maximum storm surge elevations, tidal and river gauge data was acquired from observations collected on 75 NOAA

and USGS tide and river gauges.

Combination of NOAA and USGS Tide and River Gauge Data
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https://waterservices.usgs.gov/rest/IV-Service.html

USGS 0209270825 BOGUE SOUND AT SR 1182 AT ATLANTIC BEACH, NC
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==== Provizional Data Subject to Revizion ===-=-

https://tidesandcurrents.noaa.gov/api/
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USGS 02092576 TRENT RIVER AT US HIGHWAY 70 AT NEW BERN, NC
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https://waterservices.usgs.gov/rest/IV-Service.html
https://tidesandcurrents.noaa.gov/api/
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Observations used at these stations were then interpolated and compared against elevation data collected from
NOAA, USGS, USDA, and other local sources. Prior to this analysis elevation data had already been preprocessed
and cleansed for tidal & hurricane risk data shown on floodig.com. Areas with surge elevations higher than land
elevation were identified as impacted.

Elevation Impacted Areas



https://datagateway.nrcs.usda.gov/GDGOrder.aspx?order=QuickState
https://viewer.nationalmap.gov/basic/
https://coast.noaa.gov/dataviewer/#/lidar/search/
https://floodiq.com/
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These impacted areas were compared against parcel data acquired from various sources including the Virginia GIS
clearinghouse and the North Carolina geospatial portal. Parcels with more than 25% of the dry land below surge
elevations were counted as impacted, and the number of units within each residential parcel was summed. Parcel
level housing unit information was sourced from county tax assessor offices and aggregated by a third party.

Impacts over parcels example

In order to project the surge heights that would be expected had a Florence like storm hit in 1970 or in 2050, past sea
level rise was first calculated from the Wilmington, NC tide station after fitting a local regression to yearly averages of
verified monthly means.

Yearly Average of Verified Monthly Means at 8658120, Wilmington NC
From 1950/01/01 00:00 GMT to 2017/12/31 23:59
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https://vgin.maps.arcgis.com/home/index.html
https://vgin.maps.arcgis.com/home/index.html
http://data.nconemap.gov/geoportal/catalog/main/home.page
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Future sea level rise projections were accessed from the Army Corps of Engineers curve calculator, and USACE High
values were used to adjust sea levels to 2050. The 2013 USACE High curve is now between NOAA’'s 2017 Intermedi-
ate and NOAA 2017 Int-High curves.

Estimated Relative Sea Level Change Projections - Gauge: 8658120, Wilmington, NG
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NOA&'s 2008 Published Rate: 0.00672 festfyr
All values are expressed in feet relative to LMSL
Year USACE Low USACE Int ND.»B_.A USF«CE NC_IAA
NOAA Low NOAA Int Low Int High High High
1982 0.00 0.00 0.00 0.00 000
1996 0.03 0.03 0.02 0.03 0.04
2000 0.05 0.06 0.07 0.08 0.09
2004 0.08 0.08 0.12 014 016
2008 0.1 0.13 018 0.20 0.24
2012 0.14 017 0.25 0.28 0.34
2016 0.16 0.21 0.33 0.38 046
2020 0.19 0.26 0.41 0.48 0.59
2024 022 0.31 0.51 0.60 0.74
2028 0.24 0.36 0.62 073 091
2032 0.27 0.41 0.73 0.87 1.09
2036 0.30 0.47 0.85 1.02 1.29
2040 0.33 0.53 0.98 118 150
2044 0.35 0.59 113 136| 173
2042 0.38 0.66 128 1.54 1.98
2050 0.39 0.69 1.36 164 211

Estimated Relative Sea Level Change
from 1932 To 2050
8658120, Wilmington, NC
NOA&'s 2008 Published Rate: 0.00872 feetfyr
All walues sre expressed in feet

Multiple academic papers were researched for the methodological assumptions used in this analysis, which utilized
the sea level rise-storm surge relationships identified from CEST models simulations on Hurricane Andrew’s surge
heights “Comparison of three methods for estimating the sea level rise effect on storm surge flooding”. This research
showed 0.6 meters of sea level rise leads to storm surge increases greater than 0.6 meters for most areas overland
and the average increase on surge heights above SLR alone was 22-24%.


http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html
https://link.springer.com/article/10.1007/s10584-012-0645-8
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“Dynamics of sea level rise and coastal flooding on a changing landscape” was also referenced as it identifies using
ADCRIC simulations that sea level rise from 1960 to 2005 had a non-linear impact for Hurricane Katrina on Mississippi
and Alabama, and that although there were some exception areas “However, in most areas (e.g., Mobile Bay and
western Mississippi Sound), the maximum water level increases an additional 80% of the applied SLR, resulting in
amplification of storm surge greater than the amount of SLR.” A graph of the Normalized Nonlinearity (NNL) index
shows that for most of the region surge increases are higher than sea level rise alone (3.a).
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Figure 3. NNL index of maximum storm surge from Hurricane Katrina for Mississippi Sound and Mobile Bay between
1960 and 2005 with model parameters of 2005 sea state/LULC/elevation compared to (a) 1960 sea state and 2005
LULC/elevation, (b) 1960 sea state/LULC and 2005 elevation, and () 1960 sea state/LULC/elevation. White shows a rise in
maximum water level equal to the SLR, warm colors indicate an amplification, cool colors a deamplification in maximum
storm surge, and gray represents nonwetted (or dry) areas. The black line represents the coastline.


https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1002/2013GL058759

AN STREET

F OUNDATTION

‘ FirstStreet.org

Four numbers were ultimately used to adjust the surge heights mapped against parcels in the Carolinas and Virginia:
1.24 feet of SLR from 2017 - 2050 from the USACE, 1.5252 feet in surge addition applied to Florence surge predic-
tions due to the ~23% additional increase of surge over SLR identified in the Hurricane Andrew analysis, 0.51 feet of
sea level rise from 1970 to 2017 identified with an analysis of the Wilmington, NC tide gauge, and 0.63 feet of surge
reduction applied to Florence surge heights to estimate the surge impact of a similar storm in 1970.

2050 1970
SLR 1.24 -0.50887
Surge change | 1.5252 -0.62591

Lastly, two methodologies were combined in order to quantify the impact of development on the number of residential
units that have been developed in the region between 1970 and 2018. The first method used the build date of proper-
ties found in tax assessment data to identify parcels that could have been impacted by a Florence like storm impact-
ing the region in 1970. The second method utilized 2010 housing unit Census data, A Longitudinal Tract Database,
and USGS Land Use Trend data to map storm surge extents against development patterns within non-water / wetland
areas within tracts. The two methodologies provided similar results (within 25% of one another) and after the tract
analysis was benchmarked against the 2018 parcel impacts, the two 1970s projections were averaged.

This analysis does not include additional flooding due to wave run-up, heavy precipitation and poor drainage, riverine
flooding, or damage due to wind, so overall underestimates the full impact of Florence. Research consistently shows
sea level rise has a non-linear impact on storm surge, and in most areas increases surge heights above the magnitude
of sea level rise alone. For the purpose of the analysis the conservative additional increase of 23% was applied across
the region, however topography and bathymetry would likely cause this increase to be 200-300% in many areas over
land that would have had smaller surges (1 - 3 meters) but likely even decrease surge heights changes in a few areas
below the magnitude of sea level changes. Any temporary measures setup to mitigate storm surge were not included.
These measures could have protected homes from storm surge that elevation alone would not have protected.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4134912/
https://water.usgs.gov/GIS/metadata/usgswrd/XML/ds948_NWALT.xml
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