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Outline: 
 
•~30 min talk & time for questions 
 

•General geologic and glacial history 
 
•Sea Level Rise 
 

•Sediment Transport 
 

•Types of Erosion Control Structures 
 

•Storm Surge 

Sediment Transport & Erosion & Shoreline 

Stabilization & Sea Level Rise & Storm Surge 

In Buzzards Bay 

When I was 

a kid all this 

was beach! 

Shoreline:  “The water’s edge…where the sea  meets the land   
“Encyclopedia of Coastal Science.” Encyclopedia of Earth Sciences Series, M.L. Schwartz (ed.). 2005. 

 

The Southeastern Massachusetts Shoreline The Southeastern Massachusetts Shoreline: 

Sinking and Rebounding of Crust 

The Southeastern Massachusetts Shoreline: 

World-wide Change in Sea Level 
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 

The Southeastern Massachussets Shoreline: 

COMBINED, but still too simple 
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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. 
 

•Moraines mark positions of ice 
front retreat.  
 
•Outwash plains (sand and gravel) 
deposited by meltwater streams 

http://pubs.usgs.gov/gip/capecod/sea.html  

(1 : 250,000)

Sand and Gravel

Till or Bedrock 

Sandy Till over Sand 

End Moraines 

Large Sand Deposits

Fine-Drained Deposits 

Floodplain Alluvium

Glacial History 

400’ below SL 

23,000 yr ago 

~1 mile thick 

100+ miles 

By ~ 15,000 
ice was gone. 

http://pubs.usgs.gov/gip/capecod/sea.html  

Sediment Transport 

System migrates landward across 
the shelf and SL as rises. 

2 Ways for Beaches to Move 

Parallel to Shore Perpendicular to Shore 

1st appeared as ridges (far out on 
continental shelf) flooded by SLR 

Rising SL breaches the beach ridge 
and floods behind creating a bay. 

Perpendicular to Shore 

Overwash:  
Barrier `rolls over on itself.‘  
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Seasonal  VS  Long Term Erosion Seasonal  VS  Long Term Erosion 

Seasonal  VS  Long Term Erosion Seasonal  VS  Long Term Erosion 

Seasonal  VS  Long Term Erosion Seasonal  VS  Long Term Erosion 
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Seasonal  VS  Long Term Erosion Seasonal  VS  Long Term Erosion 

Coastal Processes:  Barrier Migration 

Perpendicular to Shore 

Parallel to Shore 

Downdrift 

Direction of 
Longshore Current 

Coastal Structure 

Direction of 
Longshore Current 

Erosion 

Deposition 

Longshore Sediment Transport 
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Is Sea Level Rise / Climate Change Happening? 
1875 

Pasterze Glacier, Austria 

www.wordviewofglobalwarming.org/pages/glaciers.html 

2004 

Woods Hole, Falmouth 

The Future of Falmouth’s South Shore, Coastal Resources Working Group, 2003 

Long-Term Temperature, Carbon Dioxide, and Sea Level records 

So what can the past tell us? 

Historic  Sea Level Rise 
Initial melt (>6,000 years ago)-----------------5.0 feet per 100 years 
6,000 - 2,000 years ago -------------------------1.1 feet per 100 years 
2,000 – 100 years ago----------------------------0.3 feet per 100 years 
100 – present--------------------------------------1.0 foot per 100 years 

Sea Level Projections 

The contributions are derived by 

scaling AOGCM results and 

estimating land ice changes from 

temperature changes. 

Individual contributions are added 

to give the total sea level rise, 

which does not include the 

contribution shown for ice 

sheet dynamical imbalance, for 

which the current level of 

understanding prevents a best 

estimate from being given.  

Projected global average sea level rise and its components in 2090 to 2099 (relative to 1980–1999) 
for the six SRES marker scenarios. 

Source: IPCC 2007 WG1-AR4, Fig. TS.27 

Source: AMAP, 2009. The Greenland Ice Sheet in a Changing Climate: Snow, Water, Ice and Permafrost in the Arctic (SWIPA) 

Greenland Ice Sheet: 
Now contributes ~0.5 mm/yr SLR  
(15% of 3mm total SLR, rest is thermal expansion) 
 

2004-2008 rate 4x faster than 1995-2000 rate  
 

Next 100 years 
Most models = 5-10 cm  
Maybe up to 20 cm 

Sea Level Projections 

“Ice sheet loss is accelerating (more than mountain glaciers and ice 
caps).   Ice sheets may be the dominant contributors to SLR and will 
likely exceed the IPCC projections “  Rignot et al., 2011 

May 2011 projection 0.9 – 1.6 meters by 2100 

Coastal Processes:  Why they matter 

•70 – 80% of MA shoreline is eroding 
 
 

•Erosion rates have increased since 1950’s 
 
 

•Erosion is not steady…punctuated by storms  
(layers exposed can cause slumping) 

http://www.worldviewofglobalwarming.org/pages/glaciers.html
http://www.worldviewofglobalwarming.org/pages/glaciers.html
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Erosion Control Structures 

Designed to extend the “usable life” of a property. 

Towns:  Engineered structures may require nourishment 

310 CMR 10:  “no new coastal engineering structure on a coastal 
beach/dune/bank to protect a structure built after 8/10/1978”  

Scientists wrote letter in 1970’s... MA “needs” erosion. 

General practice 1920s – 1950s. 

Coastal Processes:  Key Points 

1. Erosion of glacial landforms is the MOST important source of 
sediment for dunes and beaches in Massachusetts. 
 

2. Wind and waves then transport sediment. 
 

3. Without erosion and then longshore re-deposition there would be 
no beaches. 

Coastal Processes:  Key Points 

1. Erosion of glacial landforms is the MOST important source of 
sediment for dunes and beaches in Massachusetts. 
 

2. Wind and waves then transport sediment. 
 

3. Without erosion and then longshore re-deposition there would be 
no beaches. 

Types of Erosion Control Structures:   

Shore Parallel 

Gabbion (10-20 yrs) 

Seawall / Revetment (100+ yrs) 

Loss of dry beach at high tide! 

Types of Erosion Control Structures:   

Shore Parallel 

SCOUR 

Breakwater / Sill 

Types of Erosion Control Structures:   

Gabbion (10-20 yrs) 

Seawall / Revetment (100+ 
yrs) 

Breakwater / Sill 

Jetty 

Groin 
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Types of Erosion Control Structures: 

Shore Perpendicular 

Jetty 

Groin 

Types of Erosion Control Structures:  “Impacts” 

VS 

Types of Erosion Control Structures:  “Impacts” 

Shoreline retreat 
endangers property 

Types of Erosion Control Structures:  “Impacts” 

One seawall is built 

Types of Erosion Control Structures:  “Impacts” 

Longshore current is 
obstructed 

Types of Erosion Control Structures:  “Impacts” 

Additional seawalls built 
to protect property 
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Types of Erosion Control Structures:  “Impacts” 

Renourishment as an 
alternative 

Types of Erosion Control Structures: 

“Soft Solutions” 

Sand Fence Drift Fence Fiber Rolls 

Planting Combination Nourishment 

Sea Level Rise Sea Level Rise 

SLR & Storm Event Steeper slopes reduce horizontal flooding 
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Steeper slopes reduce horizontal flooding Surge is a function of: 
•Storm Intensity 
•Storm Track 
•Land Geometry/Bathymetry 

Estuaries 

can  

focus 

surge  
Will it hit at: 

MLW or MHW? 

Questions? 


