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Sea Level Rise: A Relentless Reality
That Virginia Must Continue
To Plan Carefully For
by Molly Mitchell, William A. Stiles, Jr., & Troy W. Hartley

Introduction

Virginia’s tidal shoreline has historically defined
much of its cultural and economic activity. With
over 7,000 miles of tidal shoreline, protected harbors and direct access to the Atlantic Ocean, eastern Virginia is a natural location for deep water
ports, shipbuilding activities, and fishing communities. In addition, the miles of beachfront and
secluded and sheltered waterfront have encouraged
development in some of the lowest elevation areas.
At this time, approximately 60 percent of the commonwealth’s population is living in localities with
a connection to tidal waters1—localities east of the
Fall Line,2 including the Eastern Shore of Virginia
(Figure 1). Counties and independent cities in this
area are formally defined as “Tidewater Virginia” by
the Virginia State Code in reference to the management of marine resources and the Chesapeake Bay
Preservation Act. 3, 4
The extensive tidal waters in Virginia are economically beneficial. However, they also leave the
area vulnerable to changes in sea level, both longterm changes and the devastating short-term flooding caused by storm surges. Flooding from recent
hurricanes Isabelle and Irene, in conjunction with
the reported devastation from Hurricane Sandy,
which narrowly missed Tidewater Virginia, have
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contributed to an interest in adaptions and policies
that will preserve historic cultural and economic
relationships with tidal waters into the future. This
article briefly reviews flooding threats and then
examines Virginia’s evolving adaption policies.
These policies cover so-called “wicked problems.”
In the field of policy studies, wicked problems are
defined as those that are simultaneously multi-disciplinary, multi-jurisdictional, and multi-stakeholder
which are socially, ecologically, and economically
complex to solve.5

Changing Sea Level
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Sea level is rising in Virginia at all of the
National Oceanic and Atmospheric Administration (NOAA) Virginia stations for which we have
long-term tide gauge records.6 Over the past century, it has risen between 1.2 and 2.3 feet (depending on the area in Virginia)—which means that the
Old Dominion is experiencing the highest rates of
relative sea level7 rise along the Atlantic coast.8 This
extreme rate is attributed to multiple factors including changes in global sea level and land subsidence.
The entire coastline of Virginia is sinking as a
result of glacial isostatic rebound and groundwater withdrawal. Isostatic rebound is illustrated in
Figure 2. It occurs when weight from a glacier on
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Figure 1:Map of Virginia’s Tidal Shoreline with 2013 Population Estimates

“…sea level rise in
the next 100 years
may be close to
double the change
experienced in the
past century.”
Source: U.S. Census Bureau, “County Totals Dataset: Population, Population Change and Estimated Components of Population Change:
April 1, 2010 to July 1, 2013.” (March 27, 2014). https://www.census.gov/popest/data/counties/totals/2013/CO-EST2013-alldata.html

the continental plate presses down in one area,
causing the land to bulge upwards in another
area. When the glacier melts, the weight disappears, allowing the land to rebound to its original
position. With no change in water volume, water
levels appear to be rising in the area where the
glacier was and falling in the area where the land
had bulged upward.
Hotspots of subsidence have been mapped
in localized areas, resulting in some differences
in rates of subsidence throughout Tidewater Virginia.9 Recent publications indicate that relative
sea level rise is accelerating,10 at least partially due
to shifts in the Gulf Stream current.11 The rate
of acceleration suggests that sea level rise in the
next 100 years may be close to double the change
experienced in the past century.

Whether sea level rise projections are based
on historic data or climate models, confidence in
the precision of the projections declines as they
look further and further into the future. For this
reason, all sea level rise projections include some
estimate of uncertainty. The uncertainty can be
made explicit by limiting the extent of the projection and placing confidence bounds on projections12 or implicit by using models with different
assumptions about specific parameter values.13
Acknowledging and effectively communicating
this uncertainty is critical to maintaining scientific credibility, and for that reason, sea level rise
projections are typically expressed as a range.
Nonetheless, it is important to understand that
even assuming the lowest projections, sea level

Figure 2: Graphic Depiction of Atlantic Coast Isostatic Glacial Rebound
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rise is a significant threat to the low-lying areas
of Virginia.
With approximately 424,000 acres of land
with elevations less than 3 feet above current sea
level,14 rising water levels are a serious threat to
waterfront developments, federal, state and local
parks, and much of the tourism industry in Tidewater Virginia. Historic places such as the Ghent
neighborhood in Norfolk and Charles City Town
on the Eastern Shore are already experiencing
flooding and have limited recourse to adapt to
changing water levels. Jamestown Island, the location of the first permanent English settlement, is
predominately less than three feet in elevation and
is at high risk of disappearing into the James River
over the next century. In addition, significant economic assets are at risk from sea level rise, causing the Organization for Economic Cooperation
and Development (OECD) to rank the Hampton
Roads region tenth in the world for value of assets
at risk from sea level rise.15

Floodplains and Storm Surge

The Federal Emergency Management Agency
(FEMA) is currently updating its flood plain
maps. These maps, which take into account both
elevation and exposure to storm waves, typically
show the 100 and 500-year floodplains. Flood
insurance is typically required for houses in the
100-year flood plain to qualify for mortgages and
optional for other houses in the floodplain. The
100-year floodplain is the area which has a 1 in
100 chance of being flooded in a given year. In
more conventional terms, this means that there is
a 26 percent chance of a house in the 100-year
floodplain being flooded during the course of a
typical 30-year mortgage.16
Storm surge is the additional height of water
pushed up against the land by the winds and pressure systems associated with storms. Because the
water is piled up by the prevailing winds at the
time, the storm surge differs from storm to storm.
For example, Northeasters (also called Nor-easters), which approach from the north and hurricanes, which approach from the south, tend to
produce storm surges that flood entirely different
areas. In addition, the angle at which a hurricane
approaches the land, coupled with the status of
the tides, can affect which areas experience storm
surge flooding. For this reason, although a generalized map of areas potentially vulnerable to
storm surge flooding based upon elevations can
be produced, it is not possible to predict with
sufficient accuracy which areas will flood with a
given storm until several hours prior to a flooding
event. This results in a lack of certainty for homeowners about what emergency measures such as

sandbagging or evacuation should be taken in the
face of an approaching storm or even whether
it is worth investing in more permanent measures such as elevating houses or flood proofing
crawl spaces. All this has contributed to a reactive adaptation approach, where we tend to only
use adaptation measures in areas that have already
been flooded, even though the likelihood of them
being flooded in the future may be equivalent to
other coastal areas that have experienced little to
no flooding previously.
As sea level rises, the 100-year floodplain will
move inland, following the contours of the land.
Depending on the rate at which sea level rises,
houses currently outside the 100-year flood plain
may move into it over the lifetime of their current owners. In addition, the intensification of
storms predicted by many scientists17 may mean
higher storm surges occurring on a more frequent
basis. This suggests a need to increase homeowners’ awareness of their risks so those currently
living outside the 100-year floodplain can
decide whether and when they wish to invest in
flood insurance.

“The capacity
for adaptation
in Virginia and
many other states
is complicated by
the systems of land
ownership, state
regulation and
oversight, and a
significant federal
presence in the
coastal zone.”

Historic Policy and Adaptation

The capacity for adaptation in Virginia and many
other states is complicated by the systems of land
ownership, state regulation and oversight, and a
significant federal presence in the coastal zone.
Most of Virginia’s shoreline is held by private
owners. In Virginia, private ownership extends to
the mean low water line; therefore, typical largescale adaptation measures such as levees must be
placed in the water. That requirement means the
state or locality would have to obtain land from
multiple owners—a level of cooperation which
has been historically hard to obtain.
In addition to ownership issues, localities are
hampered in their ability to act by both a lack
of financial resources in the case of large-scale
and expensive adaptation measures and by the
constraints of being a “Dillon Rule” state.18 As
a Dillon Rule state, there are provisions in the
Virginia constitution which limit the authority
of local governments to those “ . . . powers which
are expressly granted by the state legislature,
those powers fairly or necessarily implied from
expressly granted powers, and those powers which
are essential and indispensable.”19 Although
localities have some authority to deal with flooding, it is unclear in the current rapidly changing
political climate whether those powers extend to
projecting and protecting against future flooding
events. Early indications are that the new governor, lieutenant governor, and attorney general are
more receptive to adaptive planning than their
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“Any action that
crosses the fence
line would require
coordination with
the affected locality and, to date,
there have been no
federal/local-coordinated efforts to
address flooding.”

immediate predecessors. The interaction between
Dillon Rule principles and ambiguous local government adaptation authority has been considered recently both at a conference sponsored by
the Virginia Coastal Policy Clinic at the College
of William and Mary20 and in two white papers
produced by the clinic.21
Virginia state government is comprised of
numerous agencies, each with responsibility for
managing some portion of the shoreline (see
Table 1). Projects that cross from water to land
often involve multiple jurisdictional boundaries
and require extensive coordination between state
agencies and with local governments.
The federal government is heavily invested
in Tidewater Virginia, with a number of military
bases located in the Hampton Roads area. Some
have already begun to take protective measures
against existing and future storm flooding events.
There are two National Aeronautics and Space
Administration (NASA) facilities vulnerable to
sea level rise in Virginia which have also engaged
in future planning and some adaptation measures.
However, the ability of the federal government to
adapt to sea level rise ends at the property line
of the facilities. Any action that crosses the fence
line would require coordination with the affected
locality and, to date, there have been no federal/
local-coordinated efforts to address flooding.
With over 40 percent of the Hampton Roads
region’s economic activity coming from federal
military and civilian government activity,22 it
seems that this type of coordination would be in
the interest of both levels of government.

The Adaptation Landscape Since
Hurricane Sandy

Hurricane Sandy, which occurred in October
2012, motivated action in Virginia. Although only
a few Virginia localities were impacted, Sandy
narrowly missed hitting the Hampton Roads area.
Initiatives aimed at coping with sea level rise and

flooding, many of which were already in the planning phases, gained a new level of urgency and
public exposure. In the past year, several conferences involving scientists, policy and legal analysts, state and local government officials, and
nongovernmental organization (NGO) staff were
held covering everything from scientific and technical issues to policy and legal issues surrounding
sea level rise and flooding. Table 2 shows a partial
list of conferences and sessions on sea level rise
held in Virginia during 2013 and 2014.
For the most part, the conferences focused on
ways for Virginia regions or localities to address
flooding and sea level rise. Many planning decisions are made at local levels and localities desire
a degree of autonomy that allows them to accommodate the specific issues and cultures in their
communities. However, flooding problems cannot always be realistically addressed locally since
water bodies transcend locality boundaries. Any
action to impound, capture, or exclude water on
one portion of a water body can have ramifications on adjacent portions. Because of this, even
if implementation is on the local level, planning
must be regional or statewide to preclude negative impacts from the actions of one locality on
its neighbors.
At the state level, two different working
groups, the Secure Commonwealth Panel23 and
the Senate Housing Subcommittee have been
investigating the impacts of and potential solutions for flooding. The Secure Commonwealth
Panel is composed of 34 legislative and administration officials, local government officials, public health experts, business leaders, and citizens.
The panel is charged with monitoring and assessing the implementation of statewide prevention,
preparedness, response, and recovery initiatives,
making recommendations on emergency preparedness, and facilitating government emergency management coordination. The panel has
a Recurrent Flooding Sub Panel, which has been

Table 1: Division of Responsibility for Aquatic Resources Across State Agencies
Aquatic Resource

State Agency
Department of Environmental
Quality
Marine resources Commission
Department of Game and
Inland Fisheries
Department of Conservation
and Recreation
Department of Health
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Department of Emergency
Management

Fisheries

Subaqueous
Lands

Wetlands

Beaches
and Dunes

Flooding

Shoreline
Sanitation

Nonpoint
Source Water
Pollution
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Table 2: Sample of Conferences and Sessions on Sea Level Rise Held in Virginia, 2013 and 2014

Conference/Session Title

Month

Organizers/Sponsors

URL for Agenda

Hampton Roads Sea Level
Rise and Flooding Adaptation
Forum 2: Best Practices and
Communications Strategies
for Adapting Sea Level Rise
and Flooding

March
2013

Virginia Sea Grant,
Hampton Roads Planning
District Commission, Old
Dominion University

https://www.odu.edu/content/
dam/odu/offices/ccslri/docs/
slr-forum2-agenda-rev5.pdf

Environment Virginia Symposium: Charting Our Future:
New Tools for Complex Challenges

April
2013

Virginia Military Institute

http://www.vmi.edu/Conferences/EV/About/

July
2013

Virginia Sea Grant,
Hampton Roads Planning
District Commission, Old
Dominion University

https://www.odu.edu/content/
dam/odu/offices/ccslri/docs/forum3agenda_rev_june27_1128.
pdf

Hampton Roads Sea Level
Rise and Flooding Adaptation
Forum 3

Adaptive Planning for Flooding and Coastal Change in
Virginia
Transatlantic Solutions to Sea
Level Rise Adaptation: Moving
Beyond the Threat

The Commonwealth of
Virginia Coastal Policy
Clinic, William & Mary Law
School Virginia Institute
of Marine Science Virginia
September Environmental Endowhttp://ccrm.vims.edu/FallCon2013
ment
ference2013Agenda.pdf
October
2013

Old Dominion University

http://mari.odu.edu/workshops/2013_ACCESS-EU/

October
2013

Virginia Sea Grant,
Hampton Roads Planning
District Commission, Old
Dominion University

http://mari.odu.edu/workshops/20131002_Forum/
Town_Hall_Oct_2013.pdf

Symposium: The Role of Law
and Government in Protecting
Communities from Extreme
Weather and Coastal Flood
Risks

January
2014

William & Mary Environmental Law & Policy
Review, Virginia Coastal
Policy Clinic, World Resources Institute, Virginia
Planning Association,
and W&M Student Environmental Action Law
Society

http://law.wm.edu/academics/
programs/jd/electives/clinics/
vacoastal/conferences/lawandgovernment/index.php

Environment Virginia Symposium: Collective Impact:
Working Together to Create a
Positive Environmental Legacy

April
2014

Virginia Military Institute

http://www.vmi.edu/Conferences/EV/About/

May
2014

Virginia Coastal Policy
Clinic, Virginia Coastal Coalition, blue moon fund,
World Resources Institute,
and Elizabeth River Cross- https://www.facebook.com/
ings, OpCo LLC.
VirginiaCoastalPolicyClinic

June
2014

Marine Technology
Society Hampton Roads
Section, Old Dominion
University

Hampton Roads Sea Level Rise
and Flooding Adaptation Forum 4: Federal, State and Local
Perspectives for Adapting to
Sea Level Rise and Flooding

Living with the Water as the
Coast Changes: A Conversation with the Business Community

TechSurge: Technical Support
for Coastal Resiliency

actively working to issue recommendations that
will enhance Virginia’s readiness to deal with both
catastrophic flood events and the creeping effects
of sea level rise.

http://mtshamptonroads.org/
mtshr/?page_id=419

If Virginia continues to move forward in the
current direction, it could have the distinction of
being one of the few areas in the world that has
proactively dealt with flooding, without waiting to
be prompted by a major disaster.
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The Next Step: An Adaptive
Adaptation Plan

“The biggest challenge to effective sea level rise
planning and
adaptation is the
uncertainty inherent in the sea level
rise projections.”

The biggest challenge to effective sea level rise
planning and adaptation is the uncertainty inherent in the sea level rise projections. Moreover, this
information must be effectively communicated
to decision-makers in order to enable on-theground adaptation action. As already emphasized,
the uncertainty becomes greater the further out
into the future one predicts. In areas with flat
elevations, that uncertainty can affect large areas
of land. Finding the optimum sea level to plan for
is a sticky proposition, especially when the plans
include large and expensive infrastructure, such as
levees or storm surge barriers. Given the scientific
uncertainty, coupled with the multi-stakeholder,
multi-jurisdictions, multi-sector, and multi-disciplinary nature of understanding the impacts of
the problem and the solutions, adaptation planning and implementation is certainly a “wicked”
policy problem as discussed in the introduction of
this article. Policymakers face a dilemma: plan for
higher rates of sea level rise than actually occur
and they waste money or plan for lower rates than
actually occur and they fail to protect homes and
infrastructure, incurring heavy financial losses and
putting lives at risk at some point in the future.
For these reasons, picking the rate of sea level
rise to adapt to is fraught with difficulties. However, not picking a rate leads to paralysis of the
decision-making process. The current approach
for addressing these difficulties is to use a process
called “flexible adaption planning.”24 Such planning recognizes the uncertainty in sea level rise
projections and incorporates them into the planning process. It utilizes an iterative monitoring
and decision-making framework to ensure that
planning is optimized for the best projections of
sea level rise at any given time (Figure 3). In this
type of planning, adaption plans are made for each
likely projection. Sea level is then monitored to
determine the most probable projection. The plan
for the most probable projection is implemented.
Figure 3: Flexible Adaption Concept
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Sea level continues to be monitored and if it differs from the current projection, then a new plan
is implemented that is appropriate for the newly
chosen projection. If there is no change in the
projection, the original adaption plan continues to
be implemented.
Flexible adaptation planning can be complemented by the use of modular flood adaptations
that can be altered over time to keep pace with sea
level rise. In hard infrastructure, this may mean
the use of modular levees that can be incrementally raised without reducing their integrity or the
use of storm surge barriers designed to over-rotate
to extend their capacity. In planning and policy,
the adaptions may mean rolling easements25 or
other zoning measures that allow current use of a
coastal area but which have provisions for altering
or phasing out the use of those areas. It also can
mean the preservation of open space areas, forests
and marshes, which all allow for some mitigation
of floodwaters.
Further, adaptive adaptation planning likely
needs creative and possibly new policy and planning options to address many issues including (1)
the financing of adaptation solutions, (2) management of socioeconomic dislocations, (3) improved
shared-governance in the local-state-federal
adaptation modification responses, (4) negotiated
private property and public trust doctrine dynamics, (5) inter-generational equity from today’s
investments that protect future generations, and
(6) homeland security involving greater coordination and shared control between federal facilities
and vulnerable local infrastructure.

Conclusion

As a postscript, the policy landscape is evolving
rapidly in Virginia. Since the original draft of
this article was penned, several significant steps
have been taken in Hampton Roads, at the state
level, and by the federal government. In Hampton Roads, local NGOs are partnering with the
Hampton Roads Green Building Council and
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architecture and engineering programs at Hampton University and Old Dominion University to
develop place-based resiliency designs, seeking
to move from regional vulnerability analysis and
planning to discrete, property and neighborhoodspecific adaption solutions. There are growing
interests in the economic development opportunities in building resiliency capacity and solutions. In fact, there have been proactive efforts to
engage the business community and learn from
water management economic development activities in New Orleans, such as the May 15, 2014
meeting on the topic, “Living with the Water
as the Coast Changes: A Conversation with the
Business Community,” that was sponsored by
the Virginia Coastal Policy Clinic (VCPC) at
the William and Mary Law School, the Virginia
Coastal Coalition, the blue moon fund, the World
Resources Institute, and Elizabeth River Crossings, OpCo LLC.
At the state level, Governor McAuliffe has
created the Governor’s Climate Change and
Resiliency Update Commission to follow in
the footsteps of the Governor’s Commission on
Climate Change created in 2008 by Governor
Kaine.26 Governor McDonnell did not continue
the commission. The renewed climate commission is charged “to review, update, and prioritize the recommendations of the 2008 Climate
Change Action Plan developed by the earlier
commission.”27 Also, the General Assembly has
established an 11-member joint subcommittee
to formulate recommendations for the development of a comprehensive and coordinated planning effort to address recurrent flooding.28 The
joint subcommittee is empowered to go farther
and recommend legislative changes that will be
needed.
Federal attention has increased considerably,
building upon U.S. Army Corps of Engineering,
NASA, and local and state government vulnerability analyses throughout the region. A “whole
of government/whole of community” pilot project
was launched on June 3, 2014 to conduct joint,
multi-federal agency adaptation and resiliency
planning for sea level rise and engage community
stakeholders in a two-year planning effort.29 On
June 30, U.S. Senator Tim Kaine spearheaded a
bipartisan informational session for Virginia’s
local congressional delegation. The session, entitled “Meeting the Challenge of Climate Change
and Sea Level Rise in Hampton Roads,” was held
at Old Dominion University. About 300 managers, businesses, NGOs, and university scientists
attended.30 Panels of experts responded to questions from Senator Kaine, U.S. Representatives
Scott Rigell, Robert “Bobby” C. Scott, and Rob

Wittman, Norfolk Mayor Paul Fraim, and Virginia Beach Mayor Will Sessions.
Virginia has been experiencing significant
rates of sea level rise for an extended period of
time, has one of the longest tidal shorelines of
any state in the United States, and has densely
populated urban zones at low elevations. Both
the current and future risk of flooding is high
and likely to have significant economic and social
impacts. However, at both state and local levels,
the commonwealth has recently begun to take a
serious look at how it can plan and adapt for the
future, motivated in part by the “near miss” of
Hurricane Sandy.
Through dialogues among scientists, policy
and legal scholars, local and state government
officials, the private sector, and NGOs in conferences and forum venues, and through working
group sponsored by the General Assembly, Virginia is dealing with several complicated factors
that make adaption to sea level rise and flooding
a “wicked” policy problem. Such factors include
property rights, Dillon rule principles, cross-generational equity, myriad local and state agencies
with overlapping jurisdictions, and feasible solutions to make Hampton Roads more resilient.
The state and the Hampton Roads region
are poised to move rapidly forward on creating
the adaptation and resiliency solutions needed at
home and globally. Actions over the coming 12-18
months will determine if Virginia can break the
pattern of needing a disastrous storm in order to
develop sufficient anticipatory adaptive measures.
So far, early indications are positive that Virginia
will lead on the issue.
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a disastrous storm
in order to develop
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