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Introduction

What is the Gulf of Maine 
Research Institute? 

We are an independent, non-
partisan marine non-profit that 
supports the Gulf of Maine 
ecosystem and the communities
that depend on it. 



Mission

The Gulf of Maine Research 

Institute develops and delivers 

collaborative solutions to 

global ocean challenges.



Coastal Dynamics Lab

Goals:

• Characterize coastal and 

estuarine flood risk at the local 

scale 

• Understand physical evolution 

of coastal ecosystems 

• Translate science to support 

coastal resilience

2031 median 10% annual chance storm tide 

Working Waterfront Flood Risk Assessment
Mudflat and clam bed resilience to 

climate and biological threats 

Tide gauges, community science, education and municipal engagement to build local flood resilience 



Talk Outline

– Introduction

– Long Island: the Long View

– Great storms of the 20th Century

– January 2024 flooding – what made it so extreme?

– Looking onwards to a warmer, wetter future



A look back 20,000 years ago…



My connection:



Shoreline changes following deglaciation



Gulf of Maine’s Big Tides

Eastport

Portland

Boston

Gulf of Maine

New York City



Ice moves out, people move in...

• People have nearly continuous residence on Maine islands for 5000+ years

• Deep history of fishing and shellfish harvesting



Frozen Winters 

• “The harbor is seldom frozen hard 
enough for persons to cross the ice 
from the city and return the same 
way. On February 15, 1875, that 
day a sleigh with two persons went 
from the city and returned with 
safety”

- A History of Peak’s Island and Its People, 
Nathan Gould

Portland’s Final Freeze?

February 26, 1934



New England’s 
Great Storms



Great Colonial Hurricane of 1635

• "The storm was frightful at Pemaquid, 
the wind blowing from the northeast, 
the tide rising to a very unusual height, 
in some places more than twenty feet 
right up and down ; this was 
succeeded by another and 
unaccountable tidal wave still higher." 
The Angel Gabriel became a total 
wreck, passengers, cattle, and goods 
were all cast upon the angry waves”

– The Cogswells in America, 1884



19th Century

• Great September Gale of 1815

– First major storm since 1635 on 
record in New England

• Followed by year without a 
summer, 1816





Armoring the Coast



Storms of the mid-20th Century

• CAROL – 1954

• EDNA – 1954

• CINDY – 1959

• DONNA – 1960

• GERDA - 1969

Carol’s Center Track





Center tracks of Carol & Edna



Trefethens Wharf, Peaks Island

1960



Summer of 1961: Stranded on Long Island 

June 1961

October 1961



Recent tropical storms



Blizzard of 1978



Blizzard of 1978

ACOE – 2/8/1978



January 2024 Storms GMRI back lawn

Machias P.D. Arthur Paine



Jan 13 meteorology

Jan 13 wind fieldJan 13 satellite



What caused extreme storm tides in January?

Predicted Tide

(Earth, Moon + Sun)

January 2024 Predicted Tides in Portland
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What caused extreme storm tides in January?

Predicted Tide

(Earth, Moon + Sun)

Surge + variability

January 2024 Predicted Tides in Portland

Monthly high tides



What caused extreme storm tides in January?

Monthly High Tides

Southeasterly winds 

drive large storm surge

Sea Level Rise

Total water level ranks

•January 10: 4th (13.84 ft above MLLW)

•January 13: 1st (14.57 ft above MLLW)

Without sea level rise and variability

•January 10: ~25 similar events on record

•January 13: Similar to Blizzard of ‘78



Jan 2024 
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— Observed — Intermediate Scenario — High Scenario

Looking to the future: Sea Level Rise Projections
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— Observed — Intermediate Scenario — High Scenario

Looking to the future: Sea Level Rise Projections



What causes uncertainty in projections?

Greenland: 1.6 inches so far, 23 ft potential

Antarctica: 0.2 inches so far, 187 ft potential



Maine Climate Council 2024 updates

• Maine’s climate is getting warmer 
and wetter 

• More high-intensity rainfall

• More extremes:

– 2020 = driest growing season

– 2023 = wettest

• Winters are ~ 2 weeks shorter

• Winter storms are gaining intensity 
(wind + rain) 

• Health impacts: ticks, mosquitos, 
heat waves, wildfire smoke, food 
security
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Maine Geological Survey: Sea Level Rise Viewer

HAT = High 

Astronomical Tide

Exceeded 2-10 

times per year 



A note on bluffs and erosion: 

• More intense storms + 
waves can accelerate 
bluff erosion, though 
every case is different



Bluff Stabilization 

JULY 23RD 2024 
COHEN CENTER AT GMRI

CALLING BLUFF

SCAN OR TAP 
TO REGISTER

YOUR

EROSION SYMPOSIUM

350 COMMERCIAL STREET  
PORTLAND, MAINE

Photo | MaineImaging.com



What water level and weather conditions lead to local flooding? 



Coastal Flooding 
Community Science Project

• Community members collect data about high 
water impacts in their community

• Community members are aware of coastal 
flood vulnerabilities in their community

• Communities receive local data and public 
perspectives on flood vulnerabilities to inform 
decision-making

• National Weather Service uses the data to 
improve models and develop more accurate 
flood alerts



Flood Monitoring Sites 



Flood Monitoring Sites



Chronolog Project







Erosion

• When water removes earth from shore



Wrack Lines/High Water Marks

• Should be relative to water

• Helpful for low water observations

Photo not relative to the water





Long Island – Fowler’s Beach
43.681N, 70.169 W
Date: 2024-03-11
Time: 13:16



Continuing to Evolve





Wrap up

• Maine’s coast and the people who have called it home for thousands of years 
have a close connection to the sea, the weather, and the climate

• Climate change is creating extraordinary conditions in the Gulf of Maine, 
including higher seal level and some of the fastest-warming ocean 
temperatures 

• Sea level rise exacerbates other hazards including the impact of storms, the 
rate of erosion, and frequency of nuisance flooding

• Increasing our data collection efforts and building our capacity to predict these 
climate-driven changes will help us make smarter, more resilient, decisions.
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Thank you for listening!

Please reach out with any additional questions.

We are always happy to chat about the Gulf of Maine ecosystem

and climate change.

Connor Brooks, cbrooks@gmri.org

Morgan Glynn, mglynn@gmri.org JULY 23RD 2024 
COHEN CENTER AT GMRI

CALLING BLUFF

SCAN OR TAP 
TO REGISTER

YOUR

EROSION SYMPOSIUM

350 COMMERCIAL STREET  
PORTLAND, MAINE

Photo | MaineImaging.com

GMRI Coastal Flooding 

Community Science 

mailto:cbrooks@gmri.org
mailto:mglynn@gmi.org
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