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Coastal Hazards and Sea Level Rise Lab 
at Gulf of Maine Research Institute

Goal: Develop localized flood projections that 
can be used for community-scale planning 
along Maine’s open coast and estuaries

science.nasa.gov/learners/highlights
beaufortcountysc.gov/news

Xie et al. (2016)

https://science.nasa.gov/learners/highlights
http://beaufortcountysc.gov/news


You are tasked with considering sea level rise and/or coastal flooding 
in project design or decision-making. 

< ShrugBot >



Outline

• Fundamental sea level science 
• IPCC and U.S. Interagency Taskforce sea level rise projections (and 

context for the Maine state-adopted projections)

• Physical drivers of flooding 

• High tide and extreme flooding projections

My goal: provide foundational knowledge for interpreting and choosing among 
available resources. 



Sea level fundamentals 



Sweet et al. (2022)

Observations Extrapolation of 
observed trend
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Fox-Kempner et al. (2021)
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Observations Extrapolation of 
observed trend



Glacio-isostatic adjustment (GIA)
The Gulf of Maine coast is subsiding (sinking) as the 
land surface adjusts from the last ice age

Gulf of Maine

Credit: Paolo Stocchi, Bob Kopp



NASA JPL

As the Gulf Stream turns 
eastward, it “pulls” water 
away from the Atlantic Coast

Currents and tides cause the ocean surface height to vary by 
several feet 

Gulf stream is slowing down

à Less water pulled from 
coast, and sea level 
increases along the Atlantic 
seaboard 



Sweet et al. (2022)

Land rising from 
tectonic plate motion

Pacific decadal oscillation 
(atmospheric cycle)

Ground subsidence 
from oil and water 
extraction

Sea level rise rate, 1993-2020

Currents, land sinking 
since last ice age



Sea level rise projections



2022 NOAA report: Northeast U.S. sea level rise projections

https://sealevel.nasa.gov/task-force-scenario-tool

A general point (don’t worry about reading the axes)



Greenland: 1.6 inches so far, 23 ft potential
Antarctica: 0.2 inches so far; 187 ft potential

“Deeply uncertain ice sheet processes”



Rate of sea level rise from Antarctica with 1.5, 2.0, 
and 3.0 degrees of warming 

“These results demonstrate the possibility that rapid and 
unstoppable sea-level rise from Antarctica will be 
triggered if Paris Agreement targets are exceeded.”

DeConto et al. (2021), Nature



Localized probabilistic projections

R. DeConto, H. Baranes, J. Woodruff, A. Halberstadt, R. Kopp. (2022), 
Climate Change Impacts and Projections for the Greater Boston Area

Critical infrastructureParks, trails, etc.

Kopp et al. (2014) major advances:

• Global mean sea level change à
Local sea level change 

• Likely sea level change à All 
probabilities, including tail risk 



IPCC and U.S. Interagency Task Force 

• Fifth Assessment Report (AR5), Church et al. (2013) 

• Special Report on Oceans and Cryosphere in a 
Changing Climate (SROCC), Oppenheimer et al. (2019) 

• Sixth Assessment Report (AR6), Fox-Kempner et al. 
(2021) 

• Sweet et al. (2017) à Fourth National Climate 
Assessment (NCA4)

• Sweet et al. (2022) à pending Fifth National 
Climate Assessment (NCA5)

U.S. Sea Level Rise and Coastal Flood Hazard 
Scenarios and Tools Interagency Task Force

Sometimes called “NOAA Projections.” 
I’ll call them “U.S. Projections”



IPCC projections: RCPs and SSPs

O’Neill et al., 2016van Vuuren et al., 2011

Representative Concentration Pathways Shared Socioeconomic Pathways 



2017 and 2022 U.S. projections

Temporal trajectories and probabilities are 
consistent with IPCC AR6

Scenario 
Global mean sea level 
rise in 2100 

Low 0.3 m / 1.0 ft

Intermediate-Low 0.5 m / 1.6 ft

Intermediate 1.0 m / 3.3 ft

Intermediate-High 1.5 m / 4.9 ft

High 2.0 m / 6.6 ft

Note that the “Extreme” scenario from 2017 U.S. projections 
and NCA4 was dropped in 2022 U.S. projections / NCA5

Uncertain ice sheet processes contribute 
significantly to SLR in the late 21st century 
and beyond 

Maine “commit to manage”

Maine “prepare to manage”



Maine’s “Commitment to manage” 

2000 2050 2100

0 ft +1.5 ft +4.0 ft

2017 NOAA Tech report
(2017 U.S. projections) 

Maine Climate Council adopts sea level 
planning targets based on Scientific and 
Technical Subcommittee (STS) report 

Legal mandate to incorporate 
“commit to manage” scenarios into 
state agency regulations

Equivalent 2022 U.S. projections: 

• +1.1 ft in 2050

• +3.5 ft in 2100



2022 U.S. SLR projections, averaged across Maine gauges

The latest sea level projections are lower 
than Maine’s targets. Why? 

1. Uncertainty around the timing of when 
ice sheets become major contributors 
to sea level rise. 

2. Better estimates of the relative 
contributions of Greenland vs. 
Antarctica. 

Equivalent 2022 U.S. projections: 

• +1.1 ft in 2050

• +3.5 ft in 2100
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25 years

20 years

Again, it’s timing. 



Accessing 2022 U.S. projections



2022 U.S. projections at the Portland gauge



It is standard for water level baselines/datums to be calculated over 19-year periods to incorporate 
cyclical astronomical, oceanic, and atmospheric variability.

A key detail: baselines/datums  

Local tidal datums and flood thresholds from 
NOAA CO-OPS / NWS:

1992 baseline (1983-2001), i.e. present NTDE

U.S. and IPCC sea level rise projections 
baselines:

SROCC: 1995 (1986-2005)
AR6: 2004 (1995-2014)
2022 U.S.: 2000 (1991-2010)



Coastal Flooding

High tide “nuisance” flooding Extreme flooding



Physical drivers of flooding (high tide flooding)

Sweet et al. (2022)

Seasonal sea level cycle: 1-2 in. 

Interannual variation: 3-4 in. 
Present-day: ~0.15 in./yr

10 to 20 ft



Nonlinear relationship between SLR and 
flooding

or, a little bit of SLR = a lot more flooding



Minor flooding in Portland under Maine sea 
level rise scenarios

2000 2050 2100

0 ft +1.5 ft +4.0 ftSea level rise 

Minor high tide 
flooding days/year ~3 99–140 357–363

https://sealevel.nasa.gov/flooding-days-projection/



https://mathbitsnotebook.com/Algebra2/Statistics/STnormalDistribution.html 2000 2050 2100

0 ft +1.5 ft +4.0 ftSea level rise 

Minor high tide 
flooding days/year ~3 99–140 357–363

https://sealevel.nasa.gov/flooding-days-projection/

Minor flooding in Portland under Maine sea 
level rise scenarios



2000 2050 2100

0 ft +1.5 ft +4.0 ftSea level rise 

Minor high tide 
flooding days/year ~3 99–140 357–363

https://sealevel.nasa.gov/flooding-days-projection/

Year

Minor flood 
threshold 

3 days/year

Minor flooding in Portland under Maine sea 
level rise scenarios

Distribution of daily highest predicted tide



2000 2050 2100

0 ft +1.5 ft +4.0 ftSea level rise 

Minor high tide 
flooding days/year ~3 99–140 357–363

https://sealevel.nasa.gov/flooding-days-projection/

Year

Minor flooding in Portland under Maine sea 
level rise scenarios

Distribution of daily highest predicted tide



2000 2050 2100

0 ft +1.5 ft +4.0 ftSea level rise 

Minor high tide 
flooding days/year ~3 99–140 357–363

https://sealevel.nasa.gov/flooding-days-projection/

Year

Minor flooding in Portland under Maine sea 
level rise scenarios

Distribution of daily highest predicted tide



Maine Geological Survey flood hazard tool

1983-2001 Highest 
Astronomical Tide + 
1.2, 1.6, 3.9, 6.1, 8.8, 
and 10.9 ft of sea level 
rise above 2000 mean 
sea level

“Bathtub” mapping on 
top of LiDAR

https://www.maine.gov/dacf/mgs/hazards/slr_ss



High tide flooding projections: 
Thompson et al. (2021)

https://sealevel.nasa.gov/flooding-
days-projection/

• Includes sea level rise projections, 
future tide predictions, and year-to-
year sea level variability (due to 
predictable, cyclical variations in 
climate)

• Available at 89 U.S. tide gauges, and 
projections are specific to each 
location. 

Select location

Select flood threshold 
and units

Select sea level rise 
scenario



High tide flooding projections: Thompson et al. (2021)

https://sealevel.nasa.gov/flooding-days-projection/

Portland tide gauge, 2017 U.S. Intermediate sea level rise scenario 

https://sealevel.nasa.gov/flooding-days-projection/


Tide range changes over an 18.6-year lunar cycle. In 
Portland, the cycle varies the height of the year’s 
highest high tides (the top 10%) by about 2 inches. 

That doesn’t seem like much, BUT it does impact 
high tide flooding throughout the Gulf of Maine



Maine “commit to 
manage” scenario

Nodal cycle phase 
illustration

Through the early part of this decade, the 
nodal cycle is decreasing from a maximum to a 
minimum, and the increase in flooding days 
per year plateaus as the decrease in tide 
range counteracts sea level rise. 

In 2023, tide range will start increasing 
again, and we can expect an 
acceleration in the increase in high 
tide flooding days over the next decade.

High tide flooding projections: Thompson et al. (2021)

https://sealevel.nasa.gov/flooding-days-projection/

https://sealevel.nasa.gov/flooding-days-projection/


High tide flooding thresholds

1. Observational thresholds – established by emergency managers and 
NOAA weather forecast offices



High tide flooding thresholds

1. Observational thresholds – established by emergency managers and 
NOAA weather forecast offices 

2. Sweet et al. (2018) Empirical thresholds = function of great diurnal tide 
range (GT), or MHHW – MLLW

• Minor = 1.04 * GT + 0.50 m
• Moderate = 1.03 * GT + 0.80 m 
• Major = 1.04 * GT + 1.17 m



Physical drivers of flooding (extreme flooding)

Sweet et al. (2022)

10 to 20 ft

Top 20 in Portland 
1912-2019: 3 to 4.6 ft 

Contribution to total 1% annual chance 
water level (Vitousek et al., 2017):
• Setup: 10-19%
• Setup + swash: 20-39%



Physical drivers of flooding (extreme flooding)

Sweet et al. (2022)

Nonlinear interactions



Extreme flooding statistics

Two primary approaches: 

1. Tide gauge-based statistics

2. Dynamic modeling



NOAA gauge 
1910-2022Extreme flooding statistics

tidesandcurrents.noaa.gov

Two primary approaches: 

1. Tide gauge-based statistics
Most accurate for a point location, but 
does not provide lateral inundation 
information and usually sheltered from 
wave processes



Extreme flooding statistics

Two primary approaches: 

1. Tide gauge-based statistics

a) NOAA CO-OPS GEVs (tidesandcurrents.noaa.gov): present-day 
statistics for stations with >30 years of data

b) USACE Sea Level Change Calculator: NOAA GEVs + various SLR 
scenarios

c) Sweet et al. (2022): 1-degree gridded extreme water levels (EWLs) for 
0.01 – 10 events/year with guidance on localizing and combining with sea 
level rise projections

• No wave processes
• Taking vertical information and applying it laterally
• Does not consider nonlinear impacts of sea level rise, but 

these are sometimes small compared to uncertainty in SLR 

Important considerations: 



Extreme flooding statistics
Two primary approaches: 
1. Tide gauge-based statistics

2. Dynamic modeling

Xie et al. (2016)

• Specific storm/SLR scenarios (e.g. what would the January 2018 
Nor’easter look like on top of 1.5 ft SLR?)

• Probabilistic storms and tides + discrete SLR scenarios

Statistically 
representative storm set

TCs, ETCs, present and 
future climatology

Sea level rise 
scenarios

Phase with tides

Coupled 
surge/wave/river model

Extreme water level probabilities at all model nodes

Statistical model

Maine Silver Jackets model 
(Portland, South Portland, 
Damariscotta)

Statewide MaineDOT model



Take-home messages 

Sea level rise 
• Uncertainty: ice sheets and human decision-making 
• Use or reference to probabilistic, localized NOAA or IPCC scenarios, considering timeline 

and risk tolerance

Recommended reading:
Sweet et al. (2022) 

Coastal flooding 
• Which physical drivers of flooding are included?
• Tide gauge-based statistics: most accurate at a single, wave-sheltered point, but challenging 

to extend 
• Dynamic modeling: rapidly developing 

And always be mindful 
of baselines/datums 



Thanks

hbaranes@gmri.org



Sea level “fingerprints”

Credit: Carling Hay; Mitrovica et al. 2011

Gravitational and Earth rotational effects on relative sea level, caused by an equivalent ice mass loss from 
Greenland (left) or West Antarctica (right). 


