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Summary for Rhode Island: 
 

 
• Glacial Geology, Past and Present,  

the Underlying Key to Understanding Processes 

and Products 

• Storms the Most Important Driver in Coastal 

Change 

• Sea-Level Rise a Secondary Effect 

• Future Major Storms Combined With Sea-Level 

Rise a Very Large Problem 

• Accelerated Sea-Level Rise Resulting in Inundation 

also a Very Large Potential Problem  

• RICRMC Planning for a 3-5 foot Rise by 2100 



First,  

Some Geological  

Background Information 

 



You are 

here 



Geomorphology 
of  

Southeastern 
New England 



http://www.globalwarmingart.com/images/2/28/Phanerozoic_Climate_Change_Rev.png 



http://www.globalwarmingart.com/images/e/e2/65_Myr_Climate_Change_Rev.pn
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THE LAST NORTH AMERICAN 

ICE SHEETS 

After Dyke & Prest, 1987 

LAURENTIDE 

CORDILLERAN 

You are 

here 



Map Generated By: 

BA Oakley and JC Boothroyd 

S New England, E New York, Continental Shelf at LGM ~ 26,000 yBP 

You are 

here RI 



Oakley, 2012 

Ice margins modified from: 
Dyke and Prest, 1987 
Ridge, 2010; Goss, 1993 
Smith, 2010 
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W F Ruddiman, 2001 

Isostatic 

Rebound 

Rhode 

Island 

Mantle flows out 

Mantle flowing back 



Eustatic 

Sea-Level 

Rise 

+ 

Isostatic 

Rebound 
at 

Block Island 

RI 

Antarctic Ice 

Sheet? 

2-5m.100yr-1 

Laurentide 

Ice Sheet? 

2m.100yr-1 
Laurentide 

Ice Sheet? 

2m.100yr-1 

Explanation 

Oakley and Boothroyd,   

July 2012 

Isostatic

Rebound 

Relative 

Sea Level 

Eustatic 

Sea Level 



Post-Glacial 

Lake 

Atlantic Ocean 

Begin Meltwater Pulse 1B 

~ 

Block  

Island 



Post-Glacial 

Lake 

Estuary 

Atlantic Ocean 

End Meltwater Pulse 1B 



The Sea May Be Rising Long Term – But….. 

Instantaneous Storm Surges  

Elevate Sea Level Now  



Narragansett Pier, RI Seawall – Tropical Storm Irene 2011 

Anonymous via N Vinhateiro, 28 aug 2011 



 

When Contemplating Rhode Island  

Coastal Geologic Hazards 
 

 

• Extratropical Cyclones (“Nor’easters”) 

• Hurricanes (Tropical Cyclones) 

• and ……. Sea Level Rise 

One Must Consider: 



• Frontal Erosion – from Breaking Waves 

and Swash 

• Storm-Surge Overwash 

• Elevated MHHW into the Future 

Which Give Rise to these Processes: 

 

When Contemplating Rhode Island  

Coastal Geologic Hazards 
 

 



• Breaking Waves – 3 to 10 feet at shoreline 

• Storm-Surge Overwash – 1 to 10 feet 

water depth across shore zone 

• Sea-Level Rise – 0.13 inches per year at 

present 

The Scale of Processes are: 

 

When Contemplating Rhode Island  

Coastal Geologic Hazards 
 

 



Ninigret 

Lagoon 

Green Hill 

Lagoon Green Hill 

Headland 

Trustom 

Lagoon 

Sediment Transport Pathways 

Charlestown – Green Hill 

Barrier and Headland 

The Message: 

Many 

Directions and 

Processes 



RE Hehre 

Storm Surge and Overwash 

 Browning Cottages 

Moonstone Beach, RI 



BA Oakley 

Frontal Erosion - Browning Cottages  



RI DOT 

30 Oct 2012 

Superstorm Sandy - Browning Cottages  



Superstorm Sandy - Browning Cottages  

30 Oct 2012 

http://fema.maps.arcgis.com/home/webmap/viewer.html?webmap= 



Superstorm Sandy - Browning Cottages  

30 Oct 2012 

RI DOT 



Superstorm Sandy - Browning Cottages  

31 Oct 2012 



Frontal Erosion 1939-2012 -  

Browning Cottages, Moonstone Beach, RI  

1939 

2006 

2012 House 

moved to 

Upland 



“2 Sticks and A String” – or, the Modified Emery Method 

JC Boothroyd 

Summer 1983 



Barrier Core 

1978 

Backshore 

Reservoir 

Active 

Berm MHHW / MHW 

1938 Storm Surge 

1938 Storm Surge + Waves 



Boothroyd and Galagan, 1999 

Beach Cycles – RI Shore 



Charlestown Beach – Blizzard 1978 – No Berm  

JC Boothroyd 



Charlestown Beach – Superstorm Sandy  

RI DOT 

30 Oct 2012 



Charlestown Beach – Superstorm Sandy  

2 Nov 2012 



Post 

Sandy Pre-Sandy 



30 Oct 2012 

RI DOT 

Washover Fan Deposition 

Misquamicut Barrier - Westerly 

Washover Fan 

Atlantic Ave 



Washover Fan Deposition 

Misquamicut Headland - Westerly 

30 Oct 2012 

RI DOT 

Andrea 

Hotel 

Washover Fan 



RI DOT 

30 Oct 2012 

Washover Fan Deposition 

Beach St - Narragansett Washover Fan 



Washover Fan Deposition - Charlestown Beach 

http://fema.maps.arcgis.com/home/webmap/viewer.html?webmap= 

31 Oct 2012 



Aug 1991 

Charlestown Beach, RI – Hurricane Bob 1991  

Washover Fan Deposition 

Removal is a Bad Idea ……. 

Barriers Naturally Retreat 

Landward and Upward JC Boothroyd 



Watch Hill, RI – Hurricane Carol, 1954 

Providence Journal, 1954 

But… Sometimes there is no alternative 

1953 Studebaker 



GEOLOGIC SHORE ZONE TYPES 

• Beach Plain and Barrier Spit 25 

• Glacial Stratified Bluff   8  

• Till Bluff 23 

• Metamorphosed Sedimentary Bedrock   8 

• Igneous and Other Meta Bedrock   5 

• Discontinuous Bedrock   1 

• Shoreline Protection Structure 30 

Percent 







Washover 

Fan 

Eolian 

Mantle 

Plow 

Zone 

South Kingstown, RI – Town Beach  
An Eroding Glacial Bluff Shore 

JC Boothroyd 



BA Oakley 

South Kingstown, RI – Town Beach  
An Eroding Glacial Bluff Shore 



South Kingstown, RI – Town Beach  
An Eroding Glacial Bluff Shore 

RI DOT 

30 Oct 2012 



A General Coastal Barrier Model for Rhode Island 

Very Transgressive 



Napatree Barrier – Westerly, RI 

Hehre and Boothroyd, 2007 

Little Narragansett Bay 

Watch Hill 



Napatree Barrier – Shoreline Change Map 

1939 – 

Ocean Side 

1939 – Sound Side 

2004 – Ocean Side 

2004 – Sound Side 

Hehre and Boothroyd, 2007 

-71.6m 



2 

Tidal 

Datums 

Newport, RI 

Old “MSL” 

New MSL 

Adapted from: 

www.ngs.noaa.gov/newsys-cgi-

bin/ngs_opsd.prl?PID=LW0493&

EPOCH=1983-2001 

“Zero” in some 

data sets 

and on maps 

-1 

0 

1 

3 

MLLW = 0.0 ft, 0.0 m 

MHHW = 3.85 ft, 1.173 m 

NAVD 1988 = 2.05 ft, 0.625 m 

MSL = 1.74 ft, 0.529 m  

NGVD 1929 = 1.18 ft, 0.360 m 

How High will the Water Be? 



Tidal 

Heights 

Newport, RI 

How High 

will the 

Water Be? 
Boothroyd and 

Hehre 2008 

Adapted from: 

www.ngs.noaa.gov/newsy

s-cgi-

bin/ngs_opsd.prl?PID=LW

0493&EPOCH=1983-2001 

MHHW = 3.85 ft, 1.173 m 

MLLW = 0.0 ft, 0.0 m 

9.46 Feet, 2.88 meters 

Above MHHW 

Maximum Water Level 

Why above 

MHHW? 

Sandy Water Level 

4.25 Feet, 1.30 meters 

Above MHHW 



Southeast 

Wind 

Northeast 

Wind 

From Wright and Sullivan, 1982 

The Message: 

Pay Attention 

to Storm Track 



Patriots Day Extratropical Storm – April 2007 

Newport Tide Gauge 

SET UP PREDICTED 

http://tidesandcurrents.noaa.gov/ 

data_menu.shtml?stn=8452660%20Newport,%20RI&type=Tide+Data STORM SURGE 



Tropical Storm Irene– Aug 2011 

Newport Tide Gauge 

SET UP 

PREDICTED 

http://tidesandcurrents.noaa.gov/ 

data_menu.shtml?stn=8452660%20Newport,%20RI&type=Tide+Data STORM SURGE 



Hurricane Carol - 1954 

Storm 

Surge 

Predicted 

http://tidesandcurrents.noaa.gov/ 

data_menu.shtml?stn=8452660%20Newport,%20RI&type=Tide+Data 



http://tidesandcurrents.noaa.gov/ 

data_menu.shtml?stn=8452660%20Newport,%20RI&type=Tide+Data STORM SURGE 

PREDICTED 

SET UP 

Superstorm Sandy – Tropical-Extratropical Hybrid 

29 October 2012   

Newport Tide Gauge 



Frequency?   

Next Month or 

Next Year 

Tropical Storm 

Irene Aug 2011 

Adapted from 

NOAA; 

USACE 1988; 

Hehre 2007 

Superstorm Sandy 

Oct 2012 

Hurricane Bob 

Aug 1991 



Narrow River and Narragansett Barrier Area                            



Inundation Depths  

based on  

2012 DFIRMs  

Wastewater 

Pump 

Station 

Middlebridge Area   

Narrow River  

South Kingstown                            
Colors 

cropped 



Narrow River and Narragansett Barrier Area                            

Inundation Depths based on  

2012 DFIRMs  

Police 

and Fire 



Inundation Depths based on  

2012 DFIRMs  

Narragansett Pier Area                            

Wastewater 

Pump 

Station 



Police 

and 

Fire 

Narragansett Pier Area                            

Inundation Depths based on  

2012 DFIRMs  



Adapted from: www.ngs.noaa.gov/newsys-cgi-bin/ngs_opsd.prl?PID=LW0493&EPOCH=1983-2001 

Newport 

Narrow River 

Narrow River – 

Newport 

Tidal Datums 
 

Oakley, Alvarez and Boothroyd, 2008 

Newport datum adapted from www.ngs.noaa.gov/cgi-bin/ngs_opsd?PID=LW0493 



Sandy  

Storm  

Surge 



Narrow River Kayaks – Middlebridge 

Sandy Storm Surge 

30 Oct 2012 

J Considine 



Superstorm Sandy Surge - 

Narragansett 



Superstorm Sandy Surge - Narragansett 



Superstorm Sandy Surge - Canonchet 



Superstorm 

Sandy Surge - 

Canonchet 



Lastly,  

Climate Change  

and the  

Future Shore Zone  

of  

Rhode Island 

 



Carbon Dioxide - CO2 Levels 
A Cause for Concern 

Now 394+ ppm 

http://www.ucsusa.org/global_warming/science_and_impacts/science/past-present-and-future.html#3 



http://www.esrl.noaa.gov/gmd/ccgg/trends/co2_data_mlo.html 

Co2now.org   394.37 

www.350.org 



THE HOCKEY STICK 

Moberg et al, 2005 

Medieval Warm Period  Little Ice 

Age 

Temp 

lags CO2 

The Message 



Rhode Island 

Possible Future 

Climate 

Confronting Climate Change in the 

U.S. Northeast: Climate, Impacts, 

and Solutions, NECIA, 2007 

http://www.northeastclimateimpacts.org/ 

North Jersey – Now Already ??? 

Rhode 

Island 



Greenland Outlet Glaciers 

Change from Polythermal to Warm Based 

A Key to Future Sea-Level Rise 



Brathwaite, 2002 



HEIGHT NOW 

Adapted from:  

http://tidesandcurrents.noaa.gov/sltrends/ 

sltrends_station.shtml?stnid=8452660%20Newport,%20RI 
Boothroyd 2012 



Projection of Sea-Level Rise 1990 - 2100 

Using IPCC 2007 Temperature Projections 

Vermeer and Rahmstorf (PNAS 2009) 

Global Sea Level Linked to Global Temperature 

Extreme 

Projection 

IPCC 2007 



2050 

137 cm 

100 cm 

185 cm 

Height above NOW 

VR Max 

VR A1F1 

VR B1 

41  

6.1 ft 

4.5 ft 

1.4 ft 



Ninigret – Green Hill Lagoons 

2003 – 2004 Orthophoto 

Today 



Ninigret – Green Hill Lagoons 

2100 Inundation – 5 ft 

200 ft Barrier Migration 

Projected 



Narragansett Circuit Drive 

Detention Pond System 

1.4 Feet 

Sea Level 

Rise 



Narragansett Circuit Drive 

Detention Pond System 

1.4 Feet 

Sea Level 

Rise 

3 Feet 

Sea Level 

Rise 



Narragansett Circuit Drive 

Detention Pond System 

1.4 Feet 

Sea Level 

Rise 

3 Feet 

Sea Level 

Rise 

5 Feet 

Sea Level 

Rise 



Middlebridge, South Kingstown RI  
2.5’ Storm Surge from Extratropical Storm 

Today A Common View of the Future 

JC Boothroyd 



Wickford Marketplace – In-Place Inundation “The Bathtub Ring” 

28 Oct 2011 MelissaDevine9 

Today 



End of Presentation 


