
Three categories of adaptation strategies:

   Natural             Non-structural                Structural

We should consider them as a suite of adaption strategies that can work together

Why are we experiencing flooding?

Sea Level Rise  - warmer oceans are causing 
higher average coastal water levels relative to 
land. As water rises, areas are inundated, shore-
lines retreat and flooding increases. 
Subsidence - the land surface in this region is 
sinking due to geologic forces and the extraction 
of  groundwater, which increased sea level rise. 
Storm Surge- an abnormal rise of  water can be 
generated by a storm, above what is expected by 
a tide. Low-pressure weather systems and wind 
often cause storm surge. 

Total water level = sea level rise + storm surge + 
tide + waves + rainfall

Planning for Resilience

Coastal Virginia is experiencing one of the highest rates of sea level rise and flooding on the East Coast. The Hampton Roads re-
gion ranks 19th in the world in the value of assets ($84.6 billion in current assets and $581.7 billion in future assets) exposed to 
increased flooding associated with both storm surges and tidal flooding. To protect lives, property and the future of the region, 
we need resilient cities that have planned for and are adapted to higher water levels. Residents should understand their risk 
and take action on individual properties and in their community. 

Key Terminology

 Resilience-  the ability to adapt to changing       
conditions and rapidly recover from disruptions. 
It is the capacity to survive and thrive in the 
face of  shocks and  stresses, which may require            
transformation under certain conditions.
Adaptation- actions to address sea level rise 
through making changes in the way that we plan 
and build cities,  protect shorelines and natural    
areas,  build houses, and prepare for future storms.
Mitigation of  sea level rise risk- actions that reduce 
the impact that sea level rise can have on the 
natural or build environment. 
*Mitigation of  climate change refers to the reduction or 
prevention of  the emission of  gasses associated with 
climate change. *

Non- Structural Solutions

Floodplain	Policy	&	
Management	

Flood-proofing	and	
Impact	Reduc9on	

Flood	Warning	and	
Preparedness	

Reloca9on	

Benefits:	
Improved	and	controlled	
flood-plain	development	
Reduced	opportunity	for	
damages	
Improved	natural	coast	
environment	

Benefits:	
Reduced	opportunity	for	
damages	
Increased	community	
resilience	
No	increase	in	flood	
poten<al	elsewhere	

Benefits:	
Reduced	opportunity	for	
damages	
Increased	community	
resilience	
Improved	public	awareness	
and	responsibility	

Benefits:	
Reduced	opportunity	for	
damages	
No	increase	in	flood	
poten<al	elsewhere	
Improved	natural	coast	
environment	
	

Drawbacks:	
Suscep<ble	based	on	high	
water,	wave	height,	and	
storm	dura<on	
Requires	agency	
collabora<on	

Drawbacks:	
Suscep<ble	based	on	high	
water,	wave	height,	and	
storm	dura<on	
	

Drawbacks:	
Suscep<ble	based	on	high	
water,	wave	height,	and	
storm	dura<on	
	

Drawbacks:	
Costs	may	be	prohibi<ve	
Disrup<ve	to	residents	

Ini<al	Construc<on:	N/A	
O	&	M:	N/A	

Ini<al	Construc<on:	$	
O	&	M:		$	

Ini<al	Construc<on:	N/A	
O	&	M:		N/A	

Ini<al	Construc<on:	$$$	
O	&	M:		$	

1.  Floodplain policy and Management examples
---Preserve open space and/or increase open space in the floodplain

Do not allow additional development in the floodplain.
Buyout properties in floodplains

---Enforce higher building standards for safer development

2.  Relocation
---Buy-out houses at risk of flooding

3.  Flood proofing and impact reduction
---Elevate service equipment
---Install flood vents

---Elevate house

4. Flood warning & preparedness
---Monitor flood conditions and warnings
---Learn about flood hazards, and how to reduce flood damage and flood insurance premiums.



Structural SolutionsNatural Solutions

Increased Risk of  Storm Surge
Manteo, NC is located on Roanoke Island near the first permanent English settlement in North America, known as the Lost Colony. 
Archeological evidence indicates that the original site is lost to shoreline changes. Flooding from severe storms, like Isabel in 2003, 
will increase for similar storms in the future.

Flooding from Hurricane Floyd  drove tens 
of thousands of North Carolinians from their 
homes.    Photo by Dave Gatley/FEMA News 

Levees	
	

Storm	Surge	Barriers	 Groins	
	

Detached	Breakwaters	

Benefits:	
Surge	and	wave	a1enua2on	
and/or	dissipa2on	
Reduce	flooding	
Reduced	risk	for	vulnerable	
areas	

Benefits:	
Surge	and	wave	a1enua2on	
and/or	dissipa2on	
Reduced	salinity	intrusion	

Benefits:	
Shoreline	stabiliza2on	
Protec2on	from	wave	forces	
Can	be	combined	with	
beach	nourishment	projects	
to	extend	their	life	

Benefits:	
Shoreline	stabiliza2on	
behind	structure	
Wave	a1enua2on	

Drawbacks:	
Divert	floodwater	to	other	
loca2ons	
Overtopping	threat	
Suscep2ble	to	erosion	
Access	to	structure	
restricted	

Drawbacks:	
Landward	flooding	possible	
with	extended	closure	
May	change	chemical,	
physical	and	biological	
processes	of	estuary	
Not	suitable	for	all	loca2ons	
Visually	obstruc2ve	

Drawbacks:	
Erosion	of	adjacent	sites		
Can	be	detrimental	to	
shoreline	ecosystem		
No	high	water	protec2on	

Drawbacks:	
May	change	physical	and	
biological	processes	
No	high	water	protec2on	
Visually	obstruc2ve	

Ini2al	Construc2on:	$$$$	
O	&	M:		$$$	

Ini2al	Construc2on:	$$$$	
O	&	M:		$$$	

Ini2al	Construc2on:	$$$	
O	&	M:		$$	

Ini2al	Construc2on:	$$$$	
O	&	M:		$$$	

Dunes	&	Beaches	
	

Vegetated	Features	
(Wetlands)	

Oyster	Reefs	
	

Mari<me	Forests/Shrub	
Communi<es	

Benefits:	
Breaking	of	offshore	waves	
A5enua7on	of	wave	energy	
Slow	inland	water	transfer	

Benefits:	
Dissipates	wave	energy	
Slows	inland	water	transfer	
Provides	habitat	and	
ecosystem	services	
Increased	natural	storm	
water	infiltra7on	

Benefits:	
Breaking	of	offshore	waves	
(low	waves)	
A5enua7on	of	wave	energy	
Slow	inland	water	transfer	

Benefits:	
Wave	a5enua7on		and/or	
dissipa7on	
Shoreline	erosion	
stabiliza7on	
Soil	reten7on	
Provides	habitat	and	
ecosystem	services	

Drawbacks:	
Requires	renourishment	
No	high	water	protec7on	
Appropriate	for	limited	
situa7ons	
Possible	impacts	to	
sediment	transport	

Drawbacks:	
No	high	water	protec7on	
Uncertain	of	successful	
vegeta7on	growth	and	
compe77on	with	invasive	
species	

Drawbacks:	
No	high	water	protec7on	
Uncertain	of	successful	
vegeta7on	growth	and	
compe77on	with	invasive	
species	
Can	reduce	water	circula7on	
and	create	naviga7onal	
hazard	

Drawbacks:	
No	high	water	protec7on	
Requires	land	area	
Vegeta7on	height	and	
density	important	
	

Ini7al	Construc7on:	$$$	
O	&	M:		$$	

Ini7al	Construc7on:	$$	
O	&	M:		$	

Ini7al	Construc7on:	$$$$	
O	&	M:		$$$	

Ini7al	Construc7on:	$$$	
O	&	M:		$$	

 Air conditioning/ heat pump       
compressors can be elevated on a 
platform to prevent damage in case 
of flood. 

Flood vents prevent water pressue that can 
destroy foundations by allowing flood waters 
to freely flow through a crawlspace or garage. 

Cisterns  and 
rainbarrels 
store storm 
water which 
can be used 
for irrigation or 
even to wash 
your car. An 
inch of rainfall 
on a 300 sq. ft 
section of roof 
can fill a 110 
gallon barrel.

Landscaping can be 
designed to capture 
stormwater and 
allow it to slowly be 
absorbed by the 
plants and soil. 

Key: low cost=$, highest cost= $$$$ for Operation and maintenance (O & M)
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Options for Property OwnersOptions for Property Owners

This brochure was developed by Carol 
Considine, Wie Yusuf and Michelle Covi at
Old Dominion Universiity. 
Contact mcovi@odu.edu for more information


