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America’s Coastal Crisis America’s Coastal Crisis –– Coastal Coastal 
population and development are population and development are 

increasingly vulnerable to coastal hazardsincreasingly vulnerable to coastal hazards
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Wetland Vertical Development

Mineral sediment deposition

Plant matter accumulation - soil                        
(root production/decomposition)

Compaction

Shrink-Swell
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(Chappell & Shackleton, 1986)(Chappell & Shackleton, 1986)
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The National Academy of Sciences (2005)The National Academy of Sciences (2005)

“The scientific understanding of climate change is now sufficiently “The scientific understanding of climate change is now sufficiently 

clear…(we urge) prompt action to reduce the causes of climate change.”clear…(we urge) prompt action to reduce the causes of climate change.”

National Security and the Threat of Climate ChangeNational Security and the Threat of Climate Change
CNA Corp (2007) for Dept of DefenseCNA Corp (2007) for Dept of Defense
“The nature and pace of climate change are grave “The nature and pace of climate change are grave 

and pose grave implications for U.S. national security.”and pose grave implications for U.S. national security.”

Intergovernmental Panel on Climate Change (2007)Intergovernmental Panel on Climate Change (2007)

“Most of the observed increase in globally averaged temperatures since the mid“Most of the observed increase in globally averaged temperatures since the mid--20th 20th 
century is very likely (90%) century is very likely (90%) … … 9-��7-	�������;9-��7-	�������; due to the observed increase in due to the observed increase in 

anthropogenic greenhouse gas concentrations.”anthropogenic greenhouse gas concentrations.”

U. S. Climate Change Science Program, SAP 4.1 (2009 )U. S. Climate Change Science Program, SAP 4.1 (2009 )
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In SAP 4.1, no new SLR projections were developed. Three 
scenarios broadly representing the range in the literature were 

used: continuation of 20th century rate, +2 mm/yr, +7 mm/yr
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Millenial temperature reconstruction (Mann, 1999) c ompared to the CO 2 

data from Taylor and Law domes
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Greenland ice sheet melting is accelerating……Greenland ice sheet melting is accelerating……

1992 2002 2005

Source: ACIA, 2004 and CIRES, 2005

In 1992, scientists measured the 
amount of melting in Greenland 
as indicated by red areas

Ten years later, in 2002, the 
melting was much greater

In 2005, melting accelerated 
dramatically yet again
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Coastal Elevation Data

•• Elevation is a critical factor Elevation is a critical factor 
in assessing potential in assessing potential 
impacts (specifically, impacts (specifically, 
inundation). Current inundation). Current 
elevation data do not elevation data do not 
provide the degree of provide the degree of provide the degree of provide the degree of 
confidence needed for confidence needed for 
quantitative assessments quantitative assessments 
for local decision makingfor local decision making

•• Collection of highCollection of high--quality quality 
elevation data (lidar) is elevation data (lidar) is 
neededneeded

:��������$��"��8*%�/&(()2:��������$��"��8*%�/&(()2



SLR Effects on Ocean 
Coasts

• It is virtually certain that 
erosion will dominate changes 
in shoreline position along the 
mid-Atlantic ocean coasts in 
response to sea-level rise and 
storms

• For higher sea-level rise 
scenarios, it is very likely that scenarios, it is very likely that 
some portions of the mid-
Atlantic coast will undergo 
large changes which will 
depend in part on local 
geologic and oceanographic 
conditions 

• Specifically, some barrier 
island coasts will likely cross 
a threshold and become prone 
to more rapid landward 
migration or segmentation

-��#���43+�413�&,"�$%��A'



Mapped using 30 -m DEM data Mapped using 3 -m lidar data
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Mapped using 30 -m DEM data Mapped using 3 -m lidar data

Dark blue Land �  1 meter elevation

Light blue Area of uncertainty 
associated with 1 meter elevation

0 30 60 90 12015
Kilometers

From CCSP, SAP 4.1 (2009)

• High quality elevation data 
reduce uncertainty of 
potentially inundated areas



•• Climate systems are complex. Humans are altering Climate systems are complex. Humans are altering 
global climate. Climate is becoming more variable, global climate. Climate is becoming more variable, 
less predictable, warmer. Effects: sealess predictable, warmer. Effects: sea--level rise,  level rise, 
more storminess, more erosion, more floods and more storminess, more erosion, more floods and 
droughts. Rates of change are a concerndroughts. Rates of change are a concern

•• SeaSea--level rise and storms are primary drivers of level rise and storms are primary drivers of 
coastal change, both are increasing. Erosion and coastal change, both are increasing. Erosion and 
flooding will increase in magnitude and frequencyflooding will increase in magnitude and frequency

•• Oceans are warming, SLR is accelerating due to Oceans are warming, SLR is accelerating due to 
thermal expansion and increased melting of thermal expansion and increased melting of 

�����-
	��


glaciers and ice sheets. Future sea level is likely  glaciers and ice sheets. Future sea level is likely  
0.50.5--1m higher by year 2100 . Greenland and West  1m higher by year 2100 . Greenland and West 
Antarctica rapid melting are concernsAntarctica rapid melting are concerns

•• Warming ocean temps are increasing Atlantic storm Warming ocean temps are increasing Atlantic storm 
intensity in addition to natural cycles of storm intensity in addition to natural cycles of storm 
activity. Effects on storm frequency are still activity. Effects on storm frequency are still 
uncertainuncertain

•• Mitigation and AdaptationMitigation and Adaptation-- cut carbon release with cut carbon release with 
new  technologies; conservation; improve science new  technologies; conservation; improve science 
and monitoring (Lidar, modeling);and monitoring (Lidar, modeling); include climate include climate 
science in coastal planningscience in coastal planning
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U.S. Climate Change Science ProgramU.S. Climate Change Science Program

Synthesis and Assessment Product 4.1 
“Coastal Elevation and Sensitivity to Sea-level Ris e:
A Focus on the mid-Atlantic Region”
(Leads: EPA, USGS, NOAA)

����

Topics:

1. Sea-level rise, state-of-the-science, knowledge gaps

2. Factors that influence shoreline change

3. Methods of predicting future shoreline change

4. Science plan for future research on predicting S LR effects



Land Loss/Erosion Groundwater Systems

Land Loss/Erosion Groundwater Systems

Coastal Wetlands
Infrastructure and 
Human Populations
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IPCC AR4
A1B envelope

•This chart incorporates the range of peer-reviewed sea-level rise estimates to 2100

•Sea level rise is increasing flood frequency and inundating low-lying coastal areas. 

•U.S. coastal populations have doubled over the past 50 years, greatly increasing exposure to risk from 

storms and rising sea level.
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Minimum sea-level rise
that can be modeled

58.8 cm

1.19 m

1.82 m

3.64 m

7.26 m
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Beaufort County, North Carolina

Modeling Flood Inundation:
if Sea-Level rises 1-meter

Calculated using 30-m DEM Calculated using 3-m lidar  data

Darker blue tint :   Inundated land if sea level rose <1 -meter

Lighter blue tint :  Area of uncertain inundation if sea level rose < 1-meter
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National Assessment of Coastal Vulnerability to SeaNational Assessment of Coastal Vulnerability to Sea --Level RiseLevel Rise
E. Robert Thieler, S. Jeffress Williams, Erika Hamm arE. Robert Thieler, S. Jeffress Williams, Erika Hamm ar--KloseKlose

http://woodshole.er.usgs.gov/projecthttp://woodshole.er.usgs.gov/project--pages/npspages/nps--cvi/cvi/
http://pubs.er.usgs.gov/http://pubs.er.usgs.gov/



MidMid--Atlantic Assessment of PotentialAtlantic Assessment of Potential
Dynamic Coastal Responses to SeaDynamic Coastal Responses to Sea--level Riselevel Rise

Bluff erosion

Overwash

Island Breaching

Threshold Crossing
(Gutierrez et al., 2007)
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