
Estuarine Shoreline Erosion and Coastal Hazards of 
North Carolina a Globally Changing Climate

Reide Corbett and J.P. Walsh
Geological Sciences and 

the Institute for Coastal Sciences and Policy
East Carolina University

Acknowledgements: Lisa Cowart, David Kunz, Mark Brinson, Bob Christian, 
Ben Horton, Stan Riggs, Steve Culver, Dave Mallinson, and many others.



My Background
• B.A. Colgate Univ., M.S. Stony Brook, Ph.D. Univ. of Washington, Post Doc  

Scripps Inst. of Oceanography
• Joint-appointed Assistant Professor in Geological Sciences and ICSP at ECU.
• Interested in land-sea interactions and coastal hazards.
• Use variety of tools to map, analyze and understand dynamics and impacts. 
• Shorezone to deep seafloor.  New Bern to New Zealand.



Why care about climate change 
affects on the NC coast?

• Coastal NC has a massive area <2 ft above sea level.
• This region is an important economic engine for the state.
• Critical, sensitive habitats occupy the coastal region (e.g., estuaries).  



Why plan for climate change and coastal hazards?  
• Without a healthy environment our coastal tourism and fisheries will suffer.
• Visitors to coastal counties spent over $2.5 billion in 2007, over 15% of the 

state’s total tourism dollars that.
• Not having appropriate plans, infrastructure and responses could be costly. 

Assortment of photographs from the internet. 



Coastal Hazards of North Carolina

Shoreline Erosion
Storm-Surge Flooding

Water-quality Deterioration
Inundation by Sea-level Rise

Overwash
Inlet-opening Potential

• Risks are only getting worse because of sea-level rise and population growth.
• The coastal counties are home to almost 900,000 North Carolinians.  
• In 3 decades, several counties have experienced 75-150% population growth. 



Recent Coastal Hazards Projects at ECU

• USGS
• NOAA
• NSF
• UNC Competitiveness
• RENCI
• ECU



The climate is changing
causing other  
environmental  
consequences.

(IPCC, 2007)



Consequences of Climate Change in NC
• Sea-level Rise
• Storms 
• Droughts
• Floods
• Land and habitat loss
• Ecological effects
• Economic impacts



Sea-Level Rise
• Slow, chronic process
• Possibly accelerating

Microfossil and radionuclide data suggest a 
pronounced change in the rate of SLR.



Storms
• Episodic, Acute
• More frequent intense hurricanes



North Carolina’s Intellectual Capital
• Sea-level Rise
• Storm Surge
• Barrier Island Processes
• Ocean Shoreline Erosion
• Estuarine Shoreline Erosion
• Land-use change
• Management
• Nutrient dynamics 
• Hypoxia/Anoxia
• Coastal ocean observing
• Remote Sensing
• Marsh 
• Oyster
• Fisheries
• Blue Crab
• Resource economics
• Human aspects
• Tourism 
• Water resources
• Cultural resources



NC COHAZ Decision Portal is a web-based information system 
developed to communicate coastal hazards information to North 
Carolina's coastal communities. It is a one-stop site for useful 
data, observations and insights on coastal hazards.

Goals of NC COHAZ:

1) Provide a basic review of and information for coastal hazards in
NC, including emergency contacts, hazard mitigation plans, 
important web sites.

2) Create tools to enable the public, managers and scientists to 
visualize hazard areas and impacts from past events.

3) Give brief explanation of and access to relevant natural and 
social science data. 





Inlet-Opening Potential
A very real coastal hazard along the OBX.



Many Historic (and Ancient) Inlets

Active Inlet
Historic Inlet



What areas along the OBX have the greatest 
potential for inlet opening?  Why?



Inlets in last century.

Present Inlet
Historical Inlet



www.coastal.geology.ecu.edu/NCCOHAZ

• UNC Competitiveness
• Building coastal hazards database
• Including Google Maps viz tools



Potential Economic Impact of Inlet Opening

• Using simple assumptions
• Sites shown at right
(Vogelsong, 2008; report available on NC COHAZ)





Ocean Erosion

• Historical 
• Recent 



Storm Surge: A Hazard Enhanced by Climate Change 

• Learn from the past (e.g., 
Katrina).

• Adapt, prepare for the future.

• Have a response plan. 

• Major hurricanes will impact 
the NC coast, and impacts will 
be worsened because of SLR.

Storm surge



Dauphin Island, Al - Pre-Hurricane Ivan

Houses on a 
barrier island.

Courtesy of the USGS.



Courtesy of the USGS.

Post-Hurricane Ivan



Courtesy of the USGS.

Post-Hurricane Katrina



Courtesy of the USGS.

Post-Hurricane Katrina



Courtesy of the USGS.

Post-Hurricane Katrina



My Background – Reide Corbett
• B.S., M.S., Ph.D. Florida State Univ., Post Doc  Tulane Univ.
• Joint-appointed Associate Professor in Geological Sciences and Institute for 

Coastal Science & Policy at ECU.
• Interested in sediment and nutrient dynamics.  Natural and human-impacts of the 

coastal system.

O2

Benthic ‘Critters’

Sediment
Deposition



Photo by Don Bowers



Photo by Don Bowers

Photo by Don Bowers



Photo by Don Bowers

Photo by Don Bowers



Photo by Don Bowers

Photo by Don Bowers



Extensive Estuarine Shoreline
4,000-12,000 miles

(source: Div. of Coastal Management)

There are different types of estuarine shorelines. 

Most of the NC coastline borders protected coastal water bodies.



LOW SEDIMENT BANK



High Sediment Bank



SWAMP FOREST 
SHORELINE



PLATFORM MARSH



Bulk headed Shoreline – more common than you think!



FILLING & HARDENING 
WETLAND SHORELINES

NO WETLANDS—
NO SEAFOOD!!!!!



So, what are we doing…

Neuse River 

Focus is the Neuse River Estuary (NRE)

1) How has sea-level risen over the last century?
2) How, where, and why has the shoreline position changed? 
3) How does land-cover vary in the NRE region and has the 

shorezone changed (e.g., wetland loss) over this period.



Influence of Sea Level Rise in Coastal NC

Shorezone Migration

Accretion/erosion

Shoreline Erosion
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Ecosystem-functioning and Human-resource Implications

• Loss of wetland habitat.
– Natural filter improving water quality
– Critical fisheries habitat
– Storm flooding protection 

• Loss of expensive coastal property.

• Damage and Destruction to coastal infrastructure.



Quantifying 
Shoreline 
Change





Shoreline Change Focus Sites

Let’s Compare…



Cedar Island
• Mean SCR of -0.24 m yr-1

with 88%  eroding.

• Mean fetch values ranged 
from 0 to 9.3 km, with the 
average fetch of the study 
area being 1.5 km  

• Dominant land cover type 
is estuarine emergent 
wetland (79%), with 
scrub/shrub and 
evergreen forest being 
the second and third 
most abundant.  
Together, these three 
land cover types 
compose 92% of the 
shoreline analyzed.



Pine Knoll Shores

• Mean SCR  of the area  was 0 m yr-1  with a range from –0.9 to 1.8 m yr-1

• Mean  values ranged from 0 to 2.9 m and the average elevation of the 
shoreline was 0.7 m  

• Mean fetch of 2 km
• Estuarine emergent wetland is most abundant  land cover,  composing 

43% of the shoreline



Parameter FB RI CI PKS
SCR (m/yr) -0.57 -0.36 -0.24 0.00
Elevation (m) 1.8 1.3 0.6 0.7
Fetch (km) 3.0 N/A 1.5 2.0
REI 273 N/A 318 66
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Site Summary

• Significant variation in 
SCR throughout the 
APES

• Relationship between 
elevation/fetch and SCR 
(erosion), but  not a 
simple linear function.



Estuarine Shoreline Erosion Rates
• Erosion rates show great variability; however, 

they are large (>6 ft/yr) in some locations.
• Prediction cannot easily be accomplished as 

many factors (e.g., fetch, hardening) are 
important.

Neuse River Estuary

m/yr







Shoreline Modification

• Used ArcPad software,  
laptops, in conjunction with 
GPS units

• Structures were heads-up 
digitized as the boat 
motored perpendicular to 
shore

• GPS camera documented 
modified structures

+ +
GPS



Structure Type Count
Boat Launch 31
Bridge 16
Ditch 3
Dock 307
Groin 170
Ruin 118
Structure 2

Boat Launch

Bridge

Bulkhead

Bulkhead/Riprap

Ditch

Dock

Groin

Riprap

Ruin

Structure

Neuse River Estuary
Shoreline Modification Map



Bulkhead
Bulkhead/Riprap
Not Modified
Riprap

Structure Percent
Bulkhead 10.8
Bulkhead/Riprap 3.6
Riprap 17.8
Not Modified 67.8



Forest High
Marsh

Low
Marsh Sub-

tidal
Sedi-
ment

Direction of Change in Ecosystem ‘State’

Salt
Water
Stress

Wrack,
Root

Collapse
Sediment
Redistri-
bution

Agents Forcing Change

State Change
Model: upland 
to estuary

Information development and prediction



The Carpet Model

Changes in 
uplands and 

forested 
wetlands to 

marsh

Changes 
among 
aquatic 
habitats

Upper 
threshold of 
SLR rate to 

maintain 
wetland

Changes in 
zonation and 
patchiness 

within 
wetland Changes in 

shoreline 
position



Geomorphology – migrating to stalling





Shorezone Variation
• Investigating vegetation boundary changes 

between the 1958 and 1998 at select study sites.



Neuse River 1958



Neuse River 1998



Neuse River 2008



• Will interject 1958 and 1998 aerial photo time 
sequences here.

Lola Road

1958



Lola Road

1998



Lola Road

2008



Stalling 
Transition



When thinking about adaptations…

1) Preserve coastal NC in a functional state similar or 
better than today.

2) Protect resources not at expense of the health and 
functioning of the natural environment (which our 
coastal economy is heavily dependent upon).



General Conclusions

• The NC coast has been and will increasingly be 
under the threat of climate change.

• There are a diversity of potential consequences of 
climate change, and these will have impacts on the 
coastal NC economic engine.

• You can learn more about NC coastal hazards at our 
web site (see hand out).

• Estuarine shoreline erosion is an important hazard 
affecting NC.



Recommendations
• Determine what existing infrastructure is at risk and establish the 

best methods for adaptation. (DOT, counties, towns, home owners)

• Plan carefully about the placement and character of new 
infrastructure in the coastal zone.

• Determine in advance how to respond once infrastructure is 
removed by a disaster or is at the end of its engineered life.  
(Are we going to keep replacing roads and bridges?) 

• Create policy that ensures planning, preparation and action.

• DENR, DOT, etc. should prioritize dealing with coastal hazard risks 
and must be funded at an appropriate level to do so.  



Specific Estuarine Erosion Recommendations

• Estuarine shorelines must be more closely managed to protect 
sensitive habitat areas and aid property owners.

• Need baseline information on the state of the estuarine shoreline, 
habitats, and structures and monitor change.

• Develop an explicit policy on the management of the estuarine 
shoreline. (site dependent hardening)

• Create a shoreline hardening assessment across the state to guide 
decision-making by property owners and managers.  



Coasts in Crisis
Steve Culver and 
David Mallinson will 
speak at the next 
Climate Commission 
meeting.




