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Sea Level Rise Literature Review
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Global Sea Level Rise Scenarios for the
United States National Climate Assessment

Global Sea Level Rise Scenarios for the
United States National Climate Assessment
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“Consensus Scenarios” that
fed the NCA 3™ Assessment
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How are We Tracking?

Global Sea Level (meters)
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Global SLR since 1992 is about 3 mm/yr
Local/regional relative sea level changes
differ based on vertical land motion,
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Sources of Uncertainty?

MAIN CAUSES OF SEA LEVEL RISE Contributions to SLR in Boston (2003-2015)*
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*NASA Gradient Fingerprint Mapping (https://vesl.jpl.nasa.gov/sea-level/slr-gfm/) \gf



Boston SLR Projections

Global Mean Sea Level Relative Sea Level at Boston, MA
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New Global and Regional Scenarios

HOAAT Report NO§ CO-OPS 083

GLOBAL AND REGIONAL SEA Advancements associated with:

LEVEL RISE SCENARIOS FOR THE * Probabilistic modeling considering
UBEEER SEAES RCP2.6, RCP4.5, and RCP8.5

* Relative sea level change driven by
regional process modeling
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New Global and Regional Scenarios

GMSL 2010 | 2020 | 2030 | 2040 | 2050 | 2060 | 2070 | 2080 | 20904 2100 § 2120 | 2150 | 2200

Scenario

(meters)

Low 0.03 006 | 0090 | 0.13 0.16 | 0.19 022 025 | 028 0.30 034 | 037 030
Intermediate- 0.04 008 | 0.13 0.18 024 | 020 035 0.4 0.45 0.50 0.60 | 0.73 0.95
Low

Intermediate 004 | 010 | 016 | 025 | 034 | 045 | 057 | 071 | 085 1.0 13 138 28
Intermediate- | 005 | 010 | 019 | 030 | 044 | 0.60 | 0.79 1.0 12 15 20 31 51
High
High 005 | 011 | 021 | 036 | 054 | 0.77 1.0 1.3 1.7 2.0 28 43 75
Extreme 004 | 011 | 024 | 041 | 063 | 090 1.2 1.6 2.0 2.5 3.6 35 0.7

GMSL Scenario 2010 2020 2030 2040 2050 2060 2070 2080 2090
Rates (mm/vear)
Low 3 3 3 3 3 3 3 3 3
Intermediate-Low 4 5 5 5 3 5 5 5
Intermediate 5 6 T 9 10 12 13 14 15
Intermediate-High 5 7 10 13 15 13 20 V4L 24
High 6 8 13 16 20 24 28 31 35
Extreme 6 10 15 20 25 30 35 40 <44

From NOAA Technical Report NOS CO-OPS 083




Probabilities Related to RCPs

NOAA Global Mean Sea Level (GMSL) Scenarios for 2100

Global Mean Sea Level (m)
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Table 4. Probability of exceeding GMSL (median value) scenarios in 2100 based upon Kopp et al. (2014).
GMSL rise Scenario RCPl.6 RCP4.5 RCPS.5
Low (0.3 m) 94% 98% 100%
Intermediate-Low (0.5 m) 45% 73% 96%
Intermediate (1.0 m) 2% 3% 17%
Intctmediate—HiEh (1.5m) 0.4% 0.5% 1.3%
I-IiEh (2.0 m) 0.1% 0.1% 0.3%
Extreme (2.5 m) 0.05% 0.05% 0.1%

From NOAA Technical Report NOS CO-OPS 083 @



Relative Sea Level Rise

M a 150 E Intermediate-High (1.5 m) Scenario
GMSL adjusted for: Ll m—y : -
1. Oceanographic factors '’ ol

2.  Gravity changes due to melting I~
land-based ice |
3. Vertical land movement (VLM) *

meters in 2100
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Relative Sea Level Change (feet)
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NCA3 Scenarios for Portsmouth, NH
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Relative Sea Level Change (feet)

NCA4 Scenarios for Portsmouth, NH
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N * Gauge 8419870, Seavey Island, ME

1111« Vertical Land Motion = 0.3 mm/year (rebound)
5 * “More Likely” range is 1.5 to 6 feet
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Visualization of SLR Impacts in 2050

\/  SEA LEVEL RISE VIEWER

Y SCENARIO

LOCAL
SCENARIOS

Extreme : 3.38ft
High : 2.95ft

Intermediate High : 2.17ft
Intermediate : 1.48ft
Intermediate Low : 0.82ft

PORTLAND, ME
IN YEAR 2050




High tide flooding—which causes such public inconveniences as frequent road

High Tide Flooding

closures, overwhelmed storm drains and compromised infrastructure—has increased
in the U.S. on average by about 50 percent since 20 years ago and 100 percent since
30 years ago. (NOAA CO-0OPS)

High Tide Flood Events Are Significantly Increasing Around the U.S.

What is high tide flooding?
Flooding which causes public
inconvenience.

What are the impacts of high tide
flooding?

Frequent road closures, overwhelmed
storm drains, and deterioration of
infrastructure such as roads and rail.

Where is this happening?

High tide flooding is increasing
around the coastal U.S., with more
rapid acceleration along the East and
Gulf Coasts.

Why is this happening?

High tide flooding is increasing due
to climate-related sea level rise and

land subsidence (sinking) combined
with loss of natural coastal barriers.

Storm Surge

How is local elevation important
to high tide flooding?

The relationship between local
elevation and the high tide line
determines the rate of nuisance
flooding. If they are close to the
same in elevation, flooding is
frequent. If they are not close,
flooding is infrequent.




NOAA NWS Flood Warnings
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Flood Threshold Mapping

Sweet et al., 2018 NWS WFO derived map
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NOAA Inundation Dashboard

Portland, ME (8418150) %
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Shifting Distributions

Between 2000 and 2015, annual flood frequencies have
increased on average by about 75% (3.4 to 6.0 days/year)
along the Northeast Atlantic

Tally of Minor High Tide Flooding 2.5
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From NOAA Technical Report NOS CO-OPS 086




High Tide Flooding Projections

* In many places, MHHW is expected to reach today’s minor
high tide flood threshold by or before 2060

Under the Intermediate-Low and Intermediate SLR scenarios,

by 2050, annual high tide floods along the Northeast Atlantic
are expected to occur 45 and 130 days/year, respectively.

a. New York City: Based upon Cbserved YWater Levels

d. New York City: Based upcn Predlcted Tides
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Nationally Consistent High Tide Flooding
Analysis and Projections

NOAA Technical Report NOS CO-OPS 086 ° AI O n g t h e N O rt h ea St At | a nt I C’
PATTERNS AND PROJECTIONS OF HIGH . . . .

TIDE FLOODING ALONG THE U.S. h |gh tide floodi Ng OCCUrS IN
COASTLINE USING A COMMON IMPACT . .
THRESHOLD response to both tidal forcing

and episodic nontidal effects

* |tis most frequent in the fall
when the mean sea level cycle
is at its highest, but it is
relatively frequent throughout
the cool season when

I T i iinsimoniiiiniin northeasterly winds and

nor’easters prevail.

From NOAA Technical Report NOS CO-OPS 086




2017 Meteorological Year in Review

a

 More than 25% of U.S. coastal g DmrmrTermgEaay
locations broke records ‘i Y
between May 2017 and April | L
2018 R g

e Boston set a record with 22 days : ﬁm—

* January 4, 2018 nor’easter set

U.S. High Tide Flooding and Coastal Sea Levels

record water level of 4.88 feet r
above MHHW in Boston x

From Sweet et al., 2018



Outlook: May 1, 2018 - April 30, 2019

Record as | Typical 2017 High | 2018 Peak
of 2016 Flood Tide Floods | Outlook Season
(days/yr) | Frequency | (observed) | (trend) (1998-2
(circa 016)
2000)
Bar Harbor 0.64 30 7 18 915 (18) Winter  Tides
Portland 0.62 21 5 16 9+3 (13) Winter  Tides
Boston 0.63 22 6 22 13+3 (20) Winter  Tides
r Level (ft above/below MHHW)

Minor Flood Threshold
2.03 ft above MHHW

From Sweet et al., 2018 @



Key Takeaways

Scientific understanding of SLR and coastal flooding impacts is
advancing rapidly

Along regions of the Northeast Atlantic, relative sea level rise
is projected to be greater than the global average for almost
all future GMSL rise scenarios

The frequency of intermittent flooding associated with
unusually high tides has increased rapidly in response to
increases in relative sea level.

Freeboard between MHHW and flood thresholds is
decreasing

“Today’s flood will become tomorrow’s high tide.”

— Margaret A. Davidson



Questions and Discussion

Jamie.Carter@noaa.gov
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