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There are many processes that can lead to coastal flooding
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Regional major physical contributors to

coastal flood events...

Waves, tides,
ocean currents

Tides, wind fields,
storm surge
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Impacts from flooding are a
combination of elevated water
levels AND thresholds!

Minor Threshold, shallow flooding,
causes disruptions to daily life; can
be damaging over time. Can have
many “minor” causes.

Moderate — damaging
Major — destructive

Require coastal storm or strong
meteorological influence.
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Daily Highest Water Levels at NOAA Tide Gauge NYC
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Daily Highest Water Levels at NOAA Tide Gauge NYC
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Daily Highest Water Levels at NOAA Tide Gauge NYC
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Coastal Flood Frequency at New York, The Battery

Minor Threshold = 0.56 m over MHHW

~11-12 days/yr
since 2015
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Coastal Flood Frequency at New York, The Battery

Minor Threshold = 0.56 m over MHHW
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Coastal Inundation Resources

e Coastal inundation at Climate Timescales (CICT) Whitepaper
e 2022 US Interagency SLR Technical Report

e NOAA CO-OPS Products

o SLR Trends and Projections (Means)
o Annual Chance Return Levels (Extremes)
o High Tide Flooding Frequency (In-Between)

Realtime Monitor  Model Guid

e A few new products
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Coastal Inundation at Climate Timescales (2022)

e NOAA-led report,
A “whole-of-government” approach

e Describes an enhanced federal capability
to provide authoritative data, products,
and services that quantify and
communicate the risk of subseasonal-to-
centennial coastal flooding and
inundation for the US and its territories.
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US Interagency Task Force SLR Technical Report (2022)

® ‘“Interagency” report, not NOAA only!

e [atest SLR projections, extremes, HTF,
gridded and station based, etc...

e Basis for NCA5; beginning to be

integrated across federal space products
and services.
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US Interagency Task Force SLR Technical Report (2022)
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CO-0OPS Mean Sea Level Trends
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CO-0OPS Mean Sea Level Trends

We don’t want to use past linear
trends to project future behavior!
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ITF Mean Sea Level Trends and Projections

2022 ITF report includes model projections, process contributions, and “observed trajectories”
over 1970 — 2020 extrapolated out to 2050, which could be linear or non-linear for each site.

The Battery, NY
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Bar Harbor, ME

Norfolk, VA




ITF Mean Sea Level Trends and Projections

2022 ITF report includes regional trajectories (ENSO, NAO, PDO climate modes removed) and
1-degree gridded model projections.

0.40 m by 2050
Extrapolated & Inter-
Low scenario

1980 2000 2020 2040

Low
Intermediate-low
Intermediate
Intermediate-high

— Altimetry observations
— Tide-gauge observations
== Present trajectory



Extreme Sea Levels: Annual Chance Return Levels

CO-OPS Extreme
Water Level Product

10% 1%
Bar Harbor 0.95m 117 m

Battery 1.10m 1.68 m

Norfolk 1.15m 1.72m
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Extreme Sea Levels: Annual Chance Return Levels

CO-OPS Extreme EWLs change over time!
Water Level Product

10% 1%
Bar Harbor 0.95m 117 m

Battery 1.10m 1.68 m

Norfolk 1.15m 1.72m
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Extreme Sea Levels: Annual Chance Return Levels

® 2022 ITF report used a Regional Frequency

Analysis (RFA) approach.
O  Combined data from multiple (3-10) tide gauges
O  More robust by extending records

® Based on 98" %tile of daily max (GPD/POT)
® (.01 events/year to 10 events/year frequencies

® Usually RFA results in a bit higher EWLs from
CO-OPS method
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Extreme Sea Levels: Annual Chance Return Levels

® Gridded RFA allows for downscaling to
short-term data sites:

where u = 98t %tile of daily max water level

® Takes advantage of nearby stations with
long-term data records.
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High Tide Flooding

High Tide Flooding (HTF) is defined as the overflow or excess accumulation of ocean water at
high tide that covers low-lying areas. Increasingly common flood conditions due to SLR, sinking

land, and the loss of natural barriers.

Referred to as nuisance, sunny day,
or King Tide flooding.

Occurs whroughly about 1 to 2 feet
above Mean Higher High Water

(MHHW).
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Impacts from flooding is a
combination of elevated water
levels AND thresholds!

Minor Threshold, shallow flooding,
causes disruptions to daily life; can
be damaging over time. Can have
many “minor” causes.

Moderate — damaging
Major — destructive

Require coastal storm or strong
meteorological influence.
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NOAA'’s Suite of High Tide Flooding Products

Past - Observations Future - Outlooks

Real-time Monitoring and Historical High
Tide Flooding Statistics

Monthly HTF Outlook

Annual HTF Outlook

Decadal HTF Outlook
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High Tide Flooding

® HTF will occur 5-10 times more often in 2050 ® Northeast and Western Gulf have highest
than in 2020. Moderate/Major events will occur frequency of HTF due to high rates of SLR.
in 2050 as frequent as minor events do now.

Minor Moderate Major

US Minor HTF
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Coastal Inundation Dashboard and HTF

Real-time monitoring
and historical data at
water-level stations
across the US.

Inundation History:
water levels, HTF
frequency, seasonal,
extremes, projections...
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Coastal Inundation Dashboard and HTF
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Bar Harbor, ME

e High interannual variation in
frequency of HTF days.

® Primary source of variation,
particularly in more Mid-Atlantic

stations, is ENSO
o 1982-83
1987-88
1991-92
1997-98

2009-10

2015-16 * * * *
2023-24 Norfolk, VA

*

The Battery, NY
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Pearson Correlation of HTF
counts to climate

ENSO: MID and West Coast have
positive correlation with ENSO. NE is
mixed.

Tropical Cyclone counts: Mostly
positive correlation, except WC.
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HTF Annual Outlook
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HTF Annual Outlook

15-19 days
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HTF Monthly Outlook

Daily likelihoods (probability of threshold exceedance) is
computed for each day for the next 12 months.

&b o o ok

Tide Predictions SLR Relative to minor Monthly distribution Previous month sea
flood threshold of non-tidal residual level anomaly
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HTF Monthly Outlook
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New Product: Coastal Ocean Reanalysis (CORA)

® \Water level and wave reanalysis for 1979 —
present (~43 years) every 500m along the
entire US coastline.

® Forced by ERA5 (atmosphere) and couples
ADCIRC (surge+tides) and SWAN (waves)
modeling.

® Data assimilation from NOAA tide gauges.

® US East and Gulf Coast version 1 complete.
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New Product: Coastal Ocean Reanalysis (CORA)

Southeast US
pilot region
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New Product: Tidal Datum Update

e National Tidal Datum Epoch (NTDE)
e Updating from1983-2001 to 2002-2020

O Increases at nearly all stations

e All products will need to take new

datums into account:

o  Tidal predictions, navigation
Real-time water level monitoring
SLR projections
EWLs (above MHHW)

HTF thresholds
NWS warnings/advisories

O O O O O

1983-2001
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New Product: Tidal Datum Update

e National Tidal Datum Epoch (NTDE)
e Updating from1983-2001 to 2002-2020

O Increases at nearly all stations

1983-2001
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New-ish Product: CO-OPS APIs
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New-ish Product: CO-OPS APIs
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Summary of Resources

Sea Level Trends

Extreme Water Levels

High Tide Flooding Annual Outlook
High Tide Flooding Monthly Outlook
CO-OPS API URL Generator

Coastal Inundation at Climate Timescales \Whitepaper
2022 US Interagency SLR Technical Report

NASA Flood Analysis Tool

NOAA Sea Level Viewer

NCAS Coastal Effects Chapter
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https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/est/
https://tidesandcurrents.noaa.gov/high-tide-flooding/annual-outlook.html
https://tidesandcurrents.noaa.gov/high-tide-flooding/monthly-outlook.html
https://www.tidesandcurrents.noaa.gov/api-helper/url-generator.html
https://cpo.noaa.gov/coastal-inundation-capability-framework/
https://oceanservice.noaa.gov/hazards/sealevelrise/sealevelrise-tech-report.html
https://sealevel.nasa.gov/flooding-analysis-tool/
https://coast.noaa.gov/slr/
https://nca2023.globalchange.gov/chapter/9/

Questions?

Thank you!

Contact:
john.callahan@noaa.gov

https://tidesandcurrents.noaa.gov/
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