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The scientific study field of paleoclimate begun 
to form in the early 19th century, when 
discoveries about glaciations and natural 
changes in Earth's climate past helped to 
identify the process of the greenhouse effect.



Paleoclimatology is the study of changes in climate 
taken on the scale of the entire history of Earth. It 
uses a variety of proxy methods from the Earth and 
life sciences to obtain data previously preserved 
within (e.g.) rocks, sediments, ice sheets, tree rings, 
corals, shells and microfossils; it then uses these 
records to determine the past states of the Earth's 
various climate regions and its atmospheric system. 
Studies of past changes in the environment and 
biodiversity often reflect on the current situation, 
and specifically the impact of climate on mass 
extinctions and biotic recovery.





In 2012, the General Assembly requested a report from 
the Virginia Institute of Marine Science on Recurrent 
Flooding, and in their 2014 session passed a resolution 
for the creation of a Joint Legislative Subcommittee on 
Recurrent Flooding. 

• Creation of the Recurring Coastal Flooding Subpanel of the 
Secure Commonwealth Panel

• Governor Terry McAuliffe’s reconvening the Governor’s 
Climate Change Commission

• Virginia’s congressional Delegation also involved



RECURRENT FLOODING STUDY FOR TIDEWATER VIRGINIA
This report identifies recurrent flooding issues throughout Tidewater Virginia, 
examines predictions for future flooding issues and evaluates a global set of 
adaptation strategies for reducing the impact of flood events.

Recurrent flooding is flooding that happens repeatedly in the same areas, 
typically leading to economic losses.

Three factors that cause recurrent flooding:
• precipitation events
• high tides 
• storm surge



• This Recurrent Flooding Study addresses all localities in Virginia’s coastal 
zone. 

• It documents flooding risks based on available records of past road and 
infrastructure inundation as well as, potential flooding risks based on the 
best available topographic information. 

• It assesses future risk based on projections for sea level rise from the 
National Climate Assessment Program modified to incorporate factors 
specific to Virginia’s coastal zone. 

• The study also inventories adaptation options from regional, national, and 
international sources. 

• Options include planning, management, and engineering strategies that 
merit particular consideration for application in Virginia.



Report found:

1. Recurrent flooding is a significant issue in Virginia coastal localities and 
one that is predicted to become worse over reasonable planning horizons 
(20-50 years).

2. The risks associated with recurrent flooding are not the same throughout 
all areas of Tidewater Virginia.

3. Data are often lacking for comprehensive and/or fine resolution analysis of 
flood risks in the region.

4. Review of global flood and sea level rise management strategies suggests 
that it is possible for Virginia to have an effective response to increasing 
flood issues BUT it takes time (20-30 years) to effectively plan and 
implement many of the adaptation strategies.



5.  The optimal strategy is going to be development of flexible plans that 
match adaptation options to the unique circumstances of each coastal 
locality and link option implementation to the evolving risks.

6. The advisory panel felt strongly that Virginia localities are not 
adequately empowered to address the issues through policy and 
management actions, and localities do not have the necessary financial 
resources for many accommodation or protection strategies. Therefore, 
the advisory panel felt the state should take a strong leadership role, 
incorporating flood and sea level rise management into state purviews. 
They specifically believed localities should be enabled to implement 
adaptation strategies, but did not want the state to mandate specific 
adaptation strategies. The advisory panel recommended state 
authorization and support that would allow each locality the 
opportunity to address flooding and sea level rise in their own way.



7. The study indicates that VA can expect a minimum sea level 
rise of 1.5 feet over the next two to five decades, with a 
three foot height of storm surge

8.     The consensus of scientists working on this report is that by 
2100 global sea level will be between 8 inches and 6.6 feet 
above the level in 1992. When modified by local and 
regional factors this information provides the best available 
basis for planning.



To begin the process of addressing recurrent flooding at the
state and local levels:

1. Virginia and its coastal localities should immediately begin 
comprehensive and coordinated planning efforts.

2. The State should initiate identification, collection and analysis 
of data needed to support effective planning for response to 
recurrent flooding issues in Virginia.

3. The State should take a lead role in addressing recurrent 
flooding in Virginia



4. The State should request an expert review of local 
government legal authority to address current and projected 
flooding risks and what levels of evidence are likely to be 
required to justify locality action. The State should then 
enact any enabling authority needed to allow localities to 
address current and projected flooding issues.

5. The State should develop a comprehensive strategy for 
addressing recurrent flooding issues throughout Tidewater 
Virginia.



Where has flooding been observed?

• There are two data sets that are available for the entire 
region: a repetitive loss record maintained by the Federal 
Emergency Management Agency (FEMA); and a road closure 
database maintained by the Virginia Department of 
Transportation (VDOT). Neither is truly comprehensive in so 
far as the FEMA records only identify properties for which 
FEMA resources have been utilized, and the VDOT data only 
address state maintained roadways.



Where can flooding be expected?

• The risk of flooding can be assessed by 
examining detailed information about land 
elevation and proximity to water.



What trends in flooding can be anticipated?

• There are no clear trends in historic records of annual rainfall 
in Virginia, although it is predicted to increase by 
approximately 6% in Virginia

• Analyses of the 24-hour maximum rainfall frequency indicate 
an upward trend in coastal Virginia (Bonnin et al. 2006). 
However, when considering flooding from precipitation, we 
are more concerned with the number of high intensity rain 
events, rather than the total annual precipitation. High 
intensity rain events are typically the ones that lead to 
flooding.



Sea Level Rise

• Sea level rise in Virginia is a documented fact. Water levels in 
Hampton Roads have risen more than one foot over the past 
80 years. The causes of this rise are well understood and 
current analyses suggest the rate of rise is increasing. The 
consequence of higher sea level is evident in the increased 
frequency of significant flooding events in coastal Virginia 
communities.



Adaptation Strategies:

• Once the extent of the flooding problem has been 
established, appropriate adaptation strategies can be targeted 
for each area where flooding is a concern.

• However, it is important to ensure that the solution to one 
flooding problem doesn’t cause a new flooding problem.

There are 3 main categories of adaptation strategies: 
1-Management/Retreat actions,
2-Accommodation, and 
3-Protection.



1-Management/Retreat actions include zoning 
policies aimed at preventing development in 
high risk areas, policies aimed at discouraging 
rebuilding in high risk areas, and the 
reclamation or abandonment of highly flood 
prone lands.



• Zoning and planning actions that avoid development in these 
areas prevent flood issues while maintaining ecosystem 
services (including their potential for flood reduction).

• Retreat actions are harder to imagine. Options for retreat 
include planned phase-out of development along the coast 
(which requires extensive, long-term planning), the 
withdrawal of government subsidies combined with public 
education regarding the risks of living on the coast or a direct 
buy-out of coastal properties for conversion to natural lands.



Use/local taxes
• Land owners pay taxes for protection structures that protect their 

property

Horizontal Setbacks (Horizontal zoning)
• Setbacks are zoning ordinances that require structures to be a certain 

distance from some reference point.

Vertical zoning
• Vertical Setbacks are zoning ordinances that require structures to be built 

at an elevation above some set contour.

Rolling Easements
• A rolling easement allows the natural movement of the shoreline 

landward, restricting property owner’s efforts to prevent shoreline retreat 
and/or erosion. It can be either a government regulation or a property 
right.



Managed retreat (permanent evacuation)
• Managed retreat is the movement of people, 

residences and business landward, out of areas likely 
to flood.

Strategic retreat
• Strategic retreat is the gradual abandonment of 

dwellings in high risk areas and new development in 
low risk areas.

Flood Insurance
• Insurance that pays out on flood related losses.



2-Accommodation actions are currently the most 
common in Virginia’s coastal plain. They include 
raising buildings and roads above flood levels, 
established evacuation routes and warning systems, 
and the creation or enhancement of stormwater 
system capacity.



Emergency Response Systems
• Emergency response systems are plans used during 

emergencies to get responders to the correct locations, warn 
residents and put emergency measures into practice (e.g. 
road closures, warning sirens, etc.)

Early Warning Systems
• SLOSH  Model (Sea Lake Overland Surge for Hurricanes)
• TideWatch and the Real-Time Storm Tide Observation and 

Forecast System Model(Rstofs) is an online, real-time water 
level monitoring tools.



Evacuation
• Evacuation is the temporary removal of people from areas at 

risk from flooding.

Shelter
• Shelters are a safe location for people to congregate during 

flood events.

Elevating structures
• Elevating houses and other structures above the base flood 

level (or the base flood plus wave level) is a common strategy 
for reducing flood damages.

Elevating roads
• Elevating roads helps ensure access to properties and secures 

safe evacuation routes.



Floatable development
• These are houses that have a floatable base to them, allowing 

them to rise with rising waters.

Floodable development
• These are structures designed to collect and hold water 

during times of flooding, but typically have other uses during 
non-flood periods.

Floodplain Restoration/Storage
• These measures involve widening the floodplains to historic 

or new widths to allow overspill areas for water during flood 
events.



3-Protection measures typically involve some form of 
engineering to protect existing land uses. Hard 
engineering solutions, such as levees and storm 
surge barriers are probably the best known. 
However, there is a growing interest in soft 
engineering structures, such as marsh creation.



• The main issues with hard engineering are the potential for 
catastrophic failure and the potential to worsen stormwater 
flooding by preventing drainage. 

• Levees are designed to handle particular water levels, and 
beyond that point they are subject to overflow and wave 
overtopping, which traps water behind the structure.

• Other failure mechanisms are linked to the structural integrity 
of the levee and include piping

• Levees are subject to the “length effect”, which states that the 
longer a levee is, the greater the likelihood of a failure. A 
levee system is only as strong as its weakest section



Shore Protection Structures: Levees
• Levees are natural or created embankments along the water’s 

edge that prevent flood waters from accessing the land 
behind them.

Shore Protection Structures: Super Levees
• Super levees are very wide (suggested: width = 30 x height) 

levees with gently sloping embankments.

Dike/levee rings
• Dike/levee rings are localized levees surrounding only a 

community.

Floodgates/Tidal barriers/Storm surge barriers
• These are restricted openings that can close during times of 

flooding, high tides or storm surges to protect upriver areas



Coastal Hardening: Seawalls/Floodwalls
• Floodwalls and seawalls are essentially vertical levees, but 

generally the scale is much smaller and they protect smaller 
areas against lower levels of flooding.

Soft Engineering: Beach Nourishment, Wetland 
Creation/Restoration, Dune Creation/Restoration

• These involve the creation (or re-creation) of natural shoreline 
systems to reduce the impacts of flooding.



The need for comprehensive planning!

In Virginia, localities tend to plan on shorter time 
spans, with comprehensive plans being revisited 
every five years and other plans ranging from 10-20 
years. These time frames are probably too short for 
major flood protection measures, so these types of 
adaptation will require some adjustment in planning 
horizons.



Flexible adaptation plan, the state would need to 
look at flooding throughout Tidewater Virginia and 
group issues into tiers: 

1) Areas that need immediate attention, 
2) Areas that will be facing problems ~40 years from 

now (given current predictions), and 
3) Areas that will be facing problems ~100 years from 

now (given current predictions).



• NOAA has made coastal resiliency a priority issue for 
state CZM programs. 

• USACE, USFWS, EPA and other federal agencies have 
all initiated new climate adaptation programs.

• Virginia CZM Program support local efforts to plan for 
climate-related changes and to improve coastal 
resiliency
– Grants $1.1 million (2008-2010)
– Enhance coastal resiliency and protecting blue and 

green infrastructure



The Northern Virginia Regional Commission (NVRC), 
The Middle Peninsula Planning District Commission 

(MPPDC),
The Hampton Roads Planning District Commission 

(HRPDC),

Undertook projects involving research into the impacts 
of climate change on their regions, including options 
for adaptation measures and the identification of 
research and data needs. 







Important elements of planning should be a heightened
awareness of sea level rise issues to the general public
and a better understanding of potential adaptation 
strategies by local officials. 



Affected citizens will pressure local government 
to “fix” a problem for which there are few 
permanent solutions-all of them complex and 
involving considerable cost to the taxpayer. 
Smarter planning will see coastal managers and 
planners anticipating rater than simply reacting 
to these problems.



The Virginia Coastal Policy Center (VCPC) at the College of William & Mary Law School provides 
science-based legal and policy analysis of ecological issues affecting the state's coastal 
resources, providing education and advice to a host of Virginia’s decision makers, from 
government officials and legal scholars to non-profit and business leaders. Work with 
scientists, local and state political figures, community leaders, the military, and others to 
integrate the latest science with legal and policy analysis to solve coastal resource 
management issues. 



The Federal Insurance and Mitigation Administration and the
Federal Emergency Management Agency had some reports
developed in June 2013, which began in 2008:

• The first on The Impact of Climate Change and Population Growth on the 
National Flood Insurance Program through 2100.

• The second was to evaluate FEMA’s Primary Frontal Dune (PFD) 
regulations and polices. This involved evaluation current flood insurance 
and hazard identification regulations, polices, and guidelines that require 
the PFD to be included entirely within the coastal high hazard area (VE 
Zone).

• The third objective was evaluation of a new coastal flood insurance zone, 
the Coastal Zone A, to better account for the increased risk to property 
and life in areas subject to wave hazards below the 3-foot wave height 
threshold of the established VE Zone.



• The passage of SB 964 into law in 2011, requires a Comprehensive Coastal 
Resource Management Guidance, produced by VIMS, DCR & VMRC for 
each Tidewater Virginia locality, requiring Comprehensive Coastal 
Resource Management Plans (CCRMPs) to be incorporated into the next 
scheduled review of their Comprehensive Plans. 

• General guidance and locality specific
• The CCRMPs include a map viewer that incorporates shoreline-specific 

best management practices and shoreline and tidal marsh inventory data, 
a Sea Level Risk and Vulnerability Tool that projects sea level rise scenarios 
into the future, and other locality specific resources.  

• Guidance for regulation and policy
• Decision Trees for onsite review
• Staff training and public outreach
• Benefits of ecosystem services
• Costs and benefits of living shorelines



Additional summary of findings:
• Riverine environment, by 2100 the relative increase in the median 

estimates of the 1 % annual chance floodplain depth and area in SFHA 
areas in riverine areas is projected to average about 45%. Depths and 
areas may increase by over 100%. About 30% of these increases in the 
SFHA and base flood depth may be attributed to normal population 
growth.

• Coastal Environment, the typical increase in coastal SFHA is projected to 
be about 55% by the year 2100.

• Some Economic findings for Riverine and Receding Coastal Shorelines, 
subject to wide national variation;
– NFIP Insurance policies may increase by approximately 80% by 2100
– The average loss cost per policy may increase appx 50% by 2100
– Individual premiums per policy are expected to increase appx 10%-40%
– The estimated increase in population in the coastal SFHA is expected to be 

about 60% by 2100. 
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