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a) Observed annual global mean sea level (GMSL) change from global tide gauges (blue line), along with the
sum (orange line) of contributions from thermal expansion (thermosteric) and four distinct water-mass-driven
increases in GMSL. b) GMSL change (blue line) as shown in a) with the annual average relative sea level change
measured by tide gauges around the contiguous United States (black line; with a linear regression estimate of
28 cm of sea level rise from 1920 to 2020). (Adaptation of Frederikse et al., 2020).
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a) Annual probability density and b) annual expected exceedances for daily highest water levels relative to the
1983-2001 mean higher high water (MHHW) tidal datum showing increases in NOAA minor, moderate, and major
high tide flooding (HTF) probabilities/frequencies due to relative sea level (RSL) rise at the NOAA tide gauge in
Charleston, South Carolina.
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Regional sea level linear rates of rise (mm/year) from satellite altimetry over three different time periods: (a)
1993-2006, (b) 2007-2020, and (c) 1993-2020. Linear rates of change of relative sea level (ocean and land
height changes) from tide gauges over the same time period are also shown (circles).
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Observation-based extrapolations using tide-gauge data and five Scenarios, in meters, for a) global mean sea
level and b) relative sea levels for the contiguous United States from 2020 to 2050 relative to a baseline of 2000.
Median values are shown by the solid lines, while the shaded regions represent the likely ranges for the observa-
tion-based extrapolations and each scenario. Altimetry data (19993-2020) and tide-gauge data (1970-2020) are
overlaid for reference.

FIQUIE 2.3 ...ttt sttt sttt a et st et e s s s s e s et et e s e s e s e s e s e s e s e s e s e s e s e s es e s e s e s e s e s es e s e s e s e aeses e s e s e R e s e s e A e s s e s e s et e s e se s e s ea e s e s e s e anansnaes 18

Observation-based extrapolations and five regionalized global mean sea level scenario projections, in meters, of
relative sea levels for eight coastal regions around the United States from 2020 to 2050 relative to a baseline of
2000. Median values are shown by the solid lines, while the shaded regions represent the likely ranges for the
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Relative sea level rise, in meters, in 2050 for the a) Intermediate-Low and b) Intermediate-High scenarios relative
to the year 2000.
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Regional deviations of relative sea level from the global mean sea level (GMSL; in meters) value for each scenario
in 2100. To obtain the regional projection in 2100 for each scenario, the mapped values must be added to the
GMSL value for the associated scenario.
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Divergence of global mean sea level (GMSL) trajectory and scenarios. The time series shows the observa-
tion-based GMSL trajectory and the five GMSL scenarios from 2000 to 2100. The dots denote where each scenar-
io significantly (2 sigma) deviates from the a) observation-based trajectory and from the b) Intermediate scenario.
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Proportions of the contributions from different IPCC ARG sea level trajectories to each of the five global mean
sea level (GMSL) rise scenarios used in this report: Low, Intermediate-Low, Intermediate, Intermediate-High, and
High. The IPCC ARG trajectories are Low Emissions; Low Emissions, LC (where LC indicates inclusion of low-con-
fidence ice-sheet processes); Intermediate Emissions; Intermediate Emissions, LC; High Emissions; and High
Emissions LC. The emissions pathways associated with the IPCC ARG trajectories are as follows: Low Emissions
= Shared Socioeconomic Pathway (SSP) 1-1.9 or SSP1-2.6; Intermediate Emissions = SSP 2-4.5; High Emissions =
SSP3-7.0 or SSP5-8.5. Shifts between different GMSL rise scenarios approximately reflect the relative odds of be-
ing close to a given scenario under different emissions pathways; e.g., the Low scenario is much more plausible
under a low emissions pathway, while Intermediate and higher scenarios are much more likely to be associated
with high emissions pathways, as well as with low-confidence ice-sheet processes.
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National median rate of minor high tide flooding and relative sea level, in meters, from 98 NOAA tide gauges
along U.S. coastlines outside of Alaska used to monitor and track flood-frequency changes (from Sweet et al.,
2021). Relative sea levels reference the lowest annual (1925) level.
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Regional Frequency Analysis 1-degree grids and local index values (u) relative to local mean higher high water
tidal datum at the NOAA tide gauges used in this study.
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a) Empirical probability densities of hourly water levels and their daily maxima measured by the NOAA tide gauge
at The Battery (New York City), as well as the tidal datums of mean lower low water (MLLW), great diurnal tide
range (GT), local high tide flood (HTF) heights, and the local index (u) used to localize the RFA-gridded EWL for
this location (see Figure A2.2f). All values are referenced to the mean higher high water (MHHW) tidal datum and
shown in b) as a return interval curve with the 95% confidence interval (2.5% and 97.5% levels) normalized to year
2020 RSLs.
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Current (circa 2020 relative sea levels) EWLlocal that a) occur annually on average and b) have a 0.01-year aver-
age event frequency. Note: the scales in the two figures are not the same, and to be useful for decision-making,
a conversion to land-based heights (e.g., NAVD88) should be made.
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Comparison between (a—c) this study’s EWLIocal to those of NOAA (Zervas, 2013) based on a GEV fit of annual
highest water levels and to (d—f) the stillwater (storm surge, tides, and wave set-up) components of FEMA used
in their Flood Insurance Study at the 0.01-year, O.1-year, and 0.5-year average event frequency levels.
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a) Map showing active NOAA tide gauges indicating Grand Bay, Mississippi, which has about 4-5 years of hourly
data, b) tide range to local index (u) regression relative to the 1983-2001 tidal datum epoch with fit equation,
goodness of fit (R2), and associated root mean square error (RMSE) for the surrounding region, c) RMSE for
estimates of u based on 1-19 years of consecutive data over the 2001-2019 period based on the regional tide
gauges for the surrounding region; and d) a 2020 EWLIocal return level curve for Grand Bay using a local index
(u) from tide range regression. Note: to be useful for decision-making, a conversion to land-based heights (e.g.,
NAVD88) should be made.
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NOAA minor (red layer: land between mean higher high water MHHW] and minor high tide flood [HTF] height
above MHHW), moderate (orange layer), and major (yellow layer) HTF maps showing a regional layered map with
individual layer panes to the right for a) Charleston, South Carolina, and b) West Palm Beach, Florida. MHHW for
1983-2001 is the shoreline edge. Note: to be useful for decision-making, a conversion to land-based heights
(e.g., NAVDS88) should be made.
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Average event frequencies in 2020 of a) minor high tide flooding (HTF); b) number of “days” (as compared to
“events”) of HTF estimated in NOAA's annual outlook (Sweet et al., 2021) and regression between events and
days; c) average event frequencies in 2020 of moderate HTF; and d) average event frequencies in 2020 of major
HTF. Flood height-severity definitions are from NOAA (Sweet et al., 2018) and, specifically for Alaska locations,
from Sweet et al. (2020b).
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Coastal high tide flooding (HTF) frequencies projected at 2050 applying the sea level scenario that upper-bounds
the regional observation-based extrapolations for NOAA a) minor, b) moderate, and c) major HTFs
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Water level contribution due to a) wave set-up and b) wave swash; c) percent contribution of wave-driven water
levels (i.e., wave run up = wave set-up and swash) relative to all components: tide, storm surge, and waves; and
d) percent contribution of wave set-up relative to the sum of tide, storm surge, and wave set-up based on model
reanalysis of Vitousek et al. (2017).
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Maps of the NOAA minor, moderate, and major high tide flooding layers for a) Charleston, South Carolina, and
b) West Palm Beach, Florida (as in Figure 3.7 but providing average event frequencies for each layer). Note: the
shoreline on these maps is mean higher high water, but to be useful for decision-making, a conversion to land-
based heights (e.g., NAVD88) should be made.
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Tide gauges selected for the application of sea level scenarios and extreme water level methods.
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a) RSL projections for the scenarios providing the upper bound to observation-based extrapolations to 2060 for
the selected tide gauges. The corresponding scenario for each tide gauge is shown in parentheses in the leg-
end. b) RFA-based EWL (see Section 3) return level curves relative to the 1983-2001 MHHW tidal datum. Notes:
(1) to be useful for decision-making, a conversion to land-based heights (e.g., geodetic datum such as NAVD88)
should be made. (2) Average event frequency (x-axis label) is the reciprocal of average recurrence interval, which
is also known as return period.
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Recurrent flood frequency estimates for a) Sewells Point (Norfolk), Virginia, and b) Galveston Pier 21, Texas. For
both, the relative sea level projection for the scenarios and the return level are the same as in Table 4.1. Note: to
be useful for decision-making, a conversion of the return level to land-based heights (e.g., geodetic datum such
as NAVD88) should be made.
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Conceptual illustration of increasing exceedance probability (hence decreasing average recurrence interval) that
assumes that the location parameter is a function of the magnitude of the relative sea level rise.
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a) Average recurrence interval (due to rising RSL) curves (T versus T_0) at each tide gauge using the selected
scenario’s RSL projection (see Table 4.1). b) Risk curves as a function of design life: stationary (black curve), actual
risk resulting from incorporating the site’s RSL scenario projection (red curve), and risk curve for a specific risk
(blue curve).
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Location of combined stormwater and sewer system outfalls that are likely draining regions exposed to HTF
within the Camden, New Jersey, region, with the minor (red: MHHW to 0.58 m [1.9 feet] above MHHW), moderate
(orange: MHHW to 0.86 m [2.8 feet] above MHHW), and major (yellow: MHHW to 1.25 m [4.1 feet] above MHHW)
HTF layers stacked in the enlarged map and individual layers mapped to the right. Note: heights are relative
to the 1983-2001 tidal epoch, and to be useful for decision-making, a conversion to land-based heights (e.g.,
NAVD88) should be made.
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Comparison of vertical land motion (VLM) rate estimates (mm/year) from a) the scenario-based framework used
in this report, and b) GPS-imaging estimates from Hammond et al. (2021). ¢) The difference between GPS-derived
rates and scenario-derived rates and d) a comparison of the VLM estimates at the U.S. tide-gauge locations are
also shown. Negative values of VLM reflect subsidence, while positive values reflect uplift.
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Map showing VLM rates (mm/year) for the Hampton Roads region displayed on top of satellite imagery. Higher
rates of subsidence are indicated by darker orange colors. Of particular interest is the range of rates in such a
small region (e.g., on the order of up to 5 mm/year difference in places). Based on Buzzanga et al. (2020).
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Region definitions for observation-based extrapolations and scenarios in Section 2. These regions are used both
to group tide gauges and also to generate regional averages for the gridded scenarios. A bathymetry mask is
used to define the regions for the gridded scenarios.
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Shown for each tide gauge record with at least 30 years of record length between 1970 and 2020 are a) range,
in meters, between median projection of Low and High Scenarios in 2050, and b) difference, in meters, between
median observation-based extrapolation and Intermediate scenario in 2050.
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NOAA tide gauges used in the regional frequency analysis to generate extreme water level probabilities for
U.S coastlines.
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Example of data from grid number 46415 showing exceedances above each local index (u) relative to the 1983—
2001 mean higher high water (MHHW) tidal datum at a) Kings Point, New York; b) The Battery, New York; c) Ber-
gen Point, New York; and d) Sandy Hook, New Jersey, which are e) aggregated into a single dataset and f) fit by
a Generalized Pareto Distribution to form a return level interval curve for the grid.
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Additional tide-gauge data available from NOAA that can be used to localize the 1-degree gridded set of region-
al frequency analysis-based extreme water level probabilities.
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Root mean square error for regional estimates of flood indices (u) based on 1-19 years of consecutive data over
the 2001-2019 period, based on regional sets of tide gauges used in this study. Note: these regions are not the
same as those shown in Figure A11 and used to describe results in Sections 2 and 3 of the report.
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Tide range to local index (u) regressions with equations, goodness of fit (R2), and root mean squared error (RMSE)
shown by regions. Note: all local indices (u) are relative to the 1983-2001 tidal datum epoch. In the equations, y
represents the local index (u) and x represents tide range.
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a) Quadratic regression of U.S. West Coast minor flood heights of NOAA's National Weather Service, following
methods of Sweet et al. (2020b), to obtain a minor HTF definition for Alaska’s coastline. The NOAA flood heights
for b) minor, c) moderate, and d) major HTF are shown relative to mean higher high water.
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