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Outline:

Å~20-25 min talk & time for questions

ÅGeneral geologic and glacial history

ÅCoastal Processes

ÅSea Level Rise
1) historic sea level changes
2) past 100 years

ÅCoastal Adaptations in Maine

The Southern Maine Shoreline:

A Brief History

When I was 

a kid all this 

was beach!



> 3,000 miles of shoreline, most valuable are in southern Maine 
(Kittery to Georgetown) which are < 50 miles combined
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The Southern Maine Shoreline:

Sinking and Rebounding of Crust



The Southern Maine 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 Southern Maine Shoreline:

COMBINED, but still too simple



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.

ÅMoraines mark positions of ice 
front retreat. 

ÅOutwash plains (sand and gravel) 
deposited by meltwater streams

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



Glacial History

пллΩ ōŜƭƻǿ {[

25,000 yr ago

~1 mile thick



Approaching Reality:
Sea contacts retreating ice

Rebound outpaces SLR     then     SLR outpaces Rebound 



Glacial History

Simplified Surficial Geologic
Map of Maine, DEPARTMENT OF CONSERVATION
Maine Geological Survey, 2003

ÅBlanket of marine sediments 
across south ME. 
ÅIce sheet was so heavy it 
depressed bedrock crust 
several hundred feet. 
ÅSL lower in glacial times, but
depression allowed flooding of 
low areas of south ME as 
glacier receded.



So what can the past tell 

us?

Historic  Sea Level Change
13,000 ς11,000 years ago----------------------мпΦмΩ SLFper 100 years
11,000 ς9,000 years ago -------------------------тΦнΩ SLRper 100 years
9,000 ς6,000 years ago---------------------------лΦтΩ SLRper 100 years
6,000 ς4,000 years ago---------------------------лΦпΩ SLRper 100 years
4,000 ς2,000 years ago---------------------------лΦнΩ SLRper 100 years
2,000 ς100 years ago-----------------------------лΦмΩ SLRper 100 years
1912 ς2002------------------------------------------лΦсΩ SLRper 100 years

Radiocarbondating peats



Is Sea Level Rise / Climate Change Happening?
1875

PasterzeGlacier, Austria

www.wordviewofglobalwarming.org/pages/glaciers.html

2004

Woods Hole, Falmouth
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http://www.worldviewofglobalwarming.org/pages/glaciers.html
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Is Sea Level Rise / Climate Change Happening?

www.wordviewofglobalwarming.org/pages/glaciers.html



Annual averages of the global mean sea level (mm). The red curve shows 
reconstructed sea level fields since 1870; the blue curve shows coastal tide 
gauge measurements since 1950 and the black curve is based on satellite 
altimetry. Error bars show 90% confidence intervals.

Sources: IPCC 2007 WG1-AR4 , Ch. 5, Fig. 5-13 & Tech. Summary section TS3.3.3

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

ά¢ƘŜǊŜ ƛǎ ƘƛƎƘ ŎƻƴŦƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ
rate of sea level rise accelerated

between the mid-19th and the
mid-20th centuries based upon tide

ƎŀǳƎŜ ŀƴŘ ƎŜƻƭƻƎƛŎŀƭ ŘŀǘŀΦέ



For Maine, residual isostaticrebound 
results in the lowest relative rate of 
sea-level rise (1.8 mm/yr) in New 
England and the Mid-Atlantic.

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

VERY ROUGHLY:

Dƭƻōŀƭ !ǾƎΦ {[wҒ aŀƛƴŜ {[w

1992-2011 = 3.92 mm/yr

ҒѹΩ/100yr

ҒмΩ/100yr

USGS OFR 2010-1118



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 1980ς1999) 
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

άLŎŜ ǎƘŜŜǘ ƭƻǎǎ ƛǎ ŀŎŎŜƭŜǊŀǘƛƴƎ όƳƻǊŜ ǘƘŀƴ Ƴƻǳƴǘŀƛƴ ƎƭŀŎƛŜǊǎ ŀƴŘ ƛŎŜ 
caps).   Ice sheets may be the dominant contributors to SLR and will 
ƭƛƪŜƭȅ ŜȄŎŜŜŘ ǘƘŜ Lt// ǇǊƻƧŜŎǘƛƻƴǎ ά  Rignotet al., 2011

May 2011 projection 0.9 ς1.6 meters by 2100



What might this mean for the future? ?
Rising Seas Put Coastal Properties at Greater Risk

Projected increases in the frequency and height 
ƻŦ Ŏƻŀǎǘŀƭ ŦƭƻƻŘǎΧΦ
ΧΦƳŀȅ ŎǊŜŀǘŜ ŀ ƭŜǾŜƭ ƻŦ Ǌƛǎƪ ǘƘŀǘ ǘƘŜ ƛƴǎǳǊŀƴŎŜ 
industry cannot absorb

¢ƻŘŀȅΩǎ млл-ȅŜŀǊ ŦƭƻƻŘǎ ōŜŎƻƳŜ ǘƻƳƻǊǊƻǿΩǎ ǘǿƻ-year or 10-year floods 
όa9 Ґ ŘƛŦŦ ōŜǘǿŜŜƴ мллȅǊ ŀƴŘ млȅǊ ƛǎ ŀōƻǳǘ мΩύ

New 100-year flood levels will need to be calculated

9·Φ  .ƻǎǘƻƴΣ ǘƻŘŀȅΩǎ млл-ȅŜŀǊ ŦƭƻƻŘ ƘŜƛƎƘǘ ƻŦ фΦтΩ Σ Ƴŀȅ ǊƛǎŜ ǘƻ ҔмнΩ ǳƴŘŜǊ ҧemissions 



Sea Level Rise



Sea Level Rise



SLR & Storm Event



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



Seasonal  VS  Long Term Erosion


