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Outline:

Broken up into 4 sections:

• What is Climate Change?

• What are the drivers of SLR?

• What is Storm Surge?

• What are the ways in which SLR 
and Storms Interact?

The Perfect Storm: Exploring how sea 

level rise and storms intersect

Prepare for 

Flooding !!!

No rush… I’ll cross 

that bridge when I 

come to it.



Section 1
What is Climate Change?



Anyone younger than 40 has ONLY seen rising 
temperatures EVERY year 

warmest decades on record for the globe, surface temp above the 20th century average 
(2011–2020) surface temp of 1.48°F                  >             (2001–2010) value of 1.12°F



Global Climate Models

“All models are wrong, but some are useful” – George Box, 1976

Scientists apply that knowledge to a scaled-down,
computer simulation of the planet: a global climate model

Modelers represent Earth’s surface and

atmosphere as a virtual world made up of 

interacting, three-dimensional boxes.



U.S. Temperature Trends



U.S. Precipitation Trends



Down-scaling Climate Models

“All models are wrong, but some are useful” 

– George Box, 1976



Is Sea Level Rise / Climate Change Happening?

Detection

http://www.worldviewofglobalwarming.org/pages/glaciers.html


• Climate forcings
– Changes in the Earth’s orbit 

and the sun’s intensity

– Volcanic Eruptions

– Change in Ocean Currents

– Changes in Greenhouse Gas 
Concentrations

Causes

http://pubs.usgs.gov/pinatubo/prelim.html


What do the climate 
models based on 

Paleoclimate data say? 



Massachusetts Climate Change 

Projections (2018)

Source: Northeast Climate Adaptation 
Science  Center 

Source: Climate Science Special Report, 2017; 
NOAA NCEI nClimDiv; NOAA Ocean Service



Section 2
What are the drivers of SLR?



What might this mean for the future?

What if all the polar ice melted?
SLR approx. 220 feet

If only I 
could 

swim !!!



Glacial History

Advance and retreat of the last continental ice sheet (Laurentide -
Canada) and the rise in SL that followed the retreat of the ice sheet.



Glacial History

(Shaw et al., 2002)

25,000 yr ago
400’ below SL, ~1 mile thick 
By ~ 15,000 ice was gone.

11,000 years ago 6,000 years ago Present Day



Causes



Global Avg. Sea Level Observations:
20th century rate:  1.7 ± 0.5 mm/yr
1993 to 2003 rate: 3.1 ± 0.7 mm/yr

thermal expansion 1.6 ± 0.5 mm/yr
changes in land ice 1.2 ± 0.4 mm/yr

SLR Contributors



Glacial Isostatic Adjustment (GIA)

and sea-level change



SLR in California and Florida 
generated by the melting of the 
Antarctic ice sheet is up to 52% 
greater than its average effect on 
the rest of the world.
https://climate.nasa.gov/news/2626/evidence-of-sea-level-fingerprints/

Greenland Antarctic
Glacial isostatic adjustment and sea-level change.  State of the art report.  Pippa Whitehouse, Durham University.  April 2009

Glacial Isostatic Adjustment (GIA)

and sea-level change



Global & Regional SLR Trends



Down-scaling Climate Models

“All models are wrong, but some are useful” 

– George Box, 1976



Global warming commitment:
Irreversibility by any other name

Solomon et al. 2009, PNAS and http://co2now.org

1.8 ºF

3.6 ºF

5.4 ºF

7.2 ºF

420 4/2022

Decade Annual Rate of Increase 
2003 – 2012 2.07 ppm per year
1993 – 2002 1.67 ppm per year
1983 – 1992 1.52 ppm per year
1973 – 1982 1.37 ppm per year
1963 – 1972 0.90 ppm per year

20252013



Intergovernmental Panel on Climate 

Change Sixth Assessment Report

2021             IPCC AR6 Working Group I –Summary for Policy Makers



2022 Sea Level Rise Technical Report



2022 Sea Level Rise Technical Report

Uncertainty factors are related to current science regarding natural processes (process 
uncertainty) and future emissions and impacts (emissions uncertainty).  Scientists account for 

this by developing many projections that span the likelihood spectrum. 



2022 Sea Level Rise Technical Report



Sea Level Rise Technical Report
Comparing 2017 and 2022 Scenarios

• Global scenarios for 2100 stayed the same, 
but the timing changed; less acceleration in 
scenarios until after 2050

• 2022 report provides a greater 
understanding of future sea level trends in 
the near term (next 30 years) 

2022 Sea Level Rise Technical Report



2022 Sea Level Rise Technical Report



KEY TAKEAWAYS
U.S. coast: average 10-12” SLR in next 30 years.
• Equals change seen over past 100 years.
• Rates will be lower or higher in different regions.

Results: More extreme tides and damaging storm surges. 

Results: Profound shift in coastal flooding over next 30 
years. By 2050, “moderate” (typically damaging) flooding 
likely to occur 10+ times more often.

2022 Sea Level Rise Technical Report



Section 3
What is Storm Surge?



Storm Surge 101

Storm surge is an abnormal rise of water 
generated by a storm, over and above the 

predicted astronomical tide. 

Storm tide is the water level rise during a 
storm due to the combination of storm 

surge and the astronomical tide. 



Width and slope of the continental shelf. 

A shallow slope will potentially produce a greater storm surge 
than a steep shelf. 

EX.  Cat 4 hitting the Louisiana coastline(wide and shallow shelf) 
may produce a 20’ storm surge, 
in Miami Beach, (shelf drops off quickly) might see an 9’ surge.



What is Surge?
(Hurricane Andrew - Cat. 4 @ landfall)



Surge is a function of:
•Storm Intensity
•Storm Track
•Land Geometry/Bathymetry

Estuaries

can 

focus

surge 

Will it hit at:

MLW or MHW?

Bob (1991)…..Cat.2
US:  6 deaths and 
$680 million in 
damage in the 
United States
MA:  Storm surges 
of 10 to 15 ft 



US:  ??? deaths and $??? million in damage in the United States
MA:  Storm surges of >6 ft 

Great Colonial Hurricane of 1635
(“The big one”…. ~Cat.3)

The grand opening of the 
Cape Cod Canal was 
July 29, 1914

Storm surges of >>>>> 6 ft 



US:  600 deaths and $308 million in damage in the United States
MA:  Storm surges of 10 to 12 ft 

New England Hurricane 1938
(Puerto Rico- Cat.5….NE- Cat.3@ landfall)



Future ……or remembering the Past?

What if the1635 hurricane hit today?

J.P.Donnelly



Section 4
What are the ways in which SLR and Storms Interact?



High Tide: 12:30pm
Peak Surge: 12:30pm
3.1 feet  1/4-5/2018

Nor’Easter (January 2018)



Hurricane Sandy (10/29-30/2012)
Predicted High WL = 10.3 MLLW
Actual High WL = 12.8 MLLW

Nor'easter Nemo (2/8-2/9/2013)
Predicted High WL = 10.0 MLLW
Actual High WL = 13.0 MLLW

Nor'easter Grayson (1/4-5/2018)
Predicted High WL = 12.1 MLLW
Actual WL = 15.2 MLLW

Max Surge:  4.5’
High Tide Surge:  2.5’

Max Surge:  3.9’
High Tide Surge:  3.0’

Max Surge:  4.5’
High Tide Surge:  3.1’

In Boston, a storm tide of 15.16’ was recorded which beat the record set by the Blizzard of 1978 (15.0’).

SL has risen ~4.5” in the 
40 years since 1978….so 
SLR is the reason the 
record was broken!!!

Nor’Easter (January 2018)



Changing the return period of flooding

1.3’

500 yr → 50 yr
100 yr → 10 yr



Carol1938
10 year flood will be every year 
(10% into 100%)

Changing the return period of flooding



2D Visualization – Town Hall



2D Visualization – Town Hall



2D Visualization – Town Hall



3D Inundation Visualization

BETA



3D Inundation Visualization



3D Inundation Visualization



3D Inundation Visualization



Sea Level Rise



SLR & Cat 2 Hurricane

SLR & Storm EventJust SLR



SLR 4 to 10.2 feet
Relative to mean sea level in 2000

Massachusetts Climate Changes Projected by the 2090s



Sea Level Rise

MA-6A/Stony Brook 

Tributary Culvert



SLR leads to Erosion



02/01/2021

02/02/2021

02/03/2021



6,000 years ago

11,000 years ago

(Shaw et al., 2002)

400’ below SL, ~1 mile thick
Shoreline was >200 miles offshore present 

15,000 years ago = No ice

➢ Sea level has risen for tens of 
thousands of years…it’s not stopping 
anytime soon, and it’s projected to 
accelerate.

➢ Regarding storms…we’ve been 
lucky for a long time.

➢ Need to plan/adapt “while the 
sun is shining”!

➢ Erosion & Flood management is 
going to become even more 
effective as costs + dangers ↑↑↑

http://www.heraldtribune.com/

0.1%

The Implications…



Land-use change, population 4.75x 1950s

1952

1954

Victim of our own success?



Our Choices Matter !!!

2017 National Institute of Building Sciences (NIBS) study looked at 23 
years of federally funded mitigation grants provided by the FEMA, EDA 
and HUD and found mitigation funding can save the nation $6 in future 
disaster costs, for every $1 spent on hazard mitigation. Original 2005 
study had 4:1 ratio.

Global Local

$
$




