
































































































































































































































Figure 11
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Figure 12

Potential Flooding Zones - Southside @;@
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Figure 13
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Figure 14
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Figure 15
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Figure 16
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Figure 17
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Figure 18
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Figure 19
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Figure 20
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Figure 21

Flooding Depth Simulation -
Northern Neck
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Section 4: Background Information

Section 4.1 Background on Flooding in Virginia

Effectively managing flooding requires that flood risk be a consideration at all levels of planning.
The challenge for appropriate flood management planning is to reduce risks to people, property
and ecosystems associated with existing development while managing or preventing new
development in high risk areas (Kim and Karp 2012). This goal can be accomplished through a
variety of adaptation strategies. Adaptation strategies fall into 3 main categories:
Management/retreat (zoning policies and similar), Accommodation (elevation of roads and
buildings, evacuation scenarios, etc.) and Protection (hard and soft engineering strategies).

Most localities have addressed flooding and flood mitigation strategies to some extent, either
through zoning policies, floodplain management ordinances, comprehensive plans, floodplain
management plans or hazard mitigation plans (which are typically regional plans). Only a few
localities have detailed adaptation strategies, while most rely on a more general set of decision
making guidance. There is little integration between state and local planning efforts, and
apparently no integration between planning efforts in adjacent localities.

Flooding in coastal Virginia

Flooding in coastal Virginia includes precipitation-based flooding and tidal/storm surge
flooding. The two types of flooding are driven by different factors, necessitating different
adaptation strategies. At the local government level, they are frequently handled by different
departments. Precipitation-based flooding is typically handled by the stormwater managers,
while storm surge driven flooding is typically handled by emergency managers.

The likelihood of flooding is typically couched in terms of the size of the storm, for example the
“100-year storm” is a storm with a 1% chance of occurrence in any given year. What does that
mean for property owners? It means that over the lifetime of a typical mortgage (30 years),
there is a 26% chance that the property will be flooded. Over a 10 year time span (a reasonable
length of home ownership) there is a 10% chance that the property will be flooded. If a
property is in the 10-year flood/storm zone, it is highly likely (96%) to be flooded over the
lifetime of a typical mortgage.

Flood/storm size (recurrence)

Time Period 10-year 25-year 50-year 100-year
1 year 10% 4% 2% 1%

10 years 65% 34% 18% 10%

30 years 96% 71% 45% 26%
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The table above shows the probability of a given storm or flood occurring within three different
time periods. In one year, there is little chance of any of the floods occurring. However, within
10 years, there is over 50% likelihood that areas in the 10-year floodplain will incur flooding,
while only a 10% chance that areas only in the 100-year floodplain will flood. This argues that
in areas of low elevation (where each of these zones would be relatively wide), it might be
worth mapping several flooding zones, not just the 100-year flood.

Sea Level Rise and flooding
Impacts of sea level rise on coastal communities depend greatly on the elevation of the
communities and may include:

Exacerbation of storm surges, coastal flooding and resultant loss of property
Increased shoreline erosion

Saltwater intrusion into drinking water aquifers and septic fields

Reduced capacity for some stormwater systems

Increased potential for some wastewater system overflows

SANR A

Reduced capacity for stormwater absorption into the groundwater system resulting in
longer ponding or increased overland flows

7. Loss of ecosystems, including: tidal freshwater systems, barrier islands, bay islands,
coastal dunes and shallow water habitats

Effective planning for sea level rise requires the selection of a planning window and an
acceptable rate of sea level rise. Localities plan on a wide range of planning windows, and the
appropriate window depends to a certain extent on what infrastructure you are planning for.
Roads are relatively easy to raise and convert so a 20-year planning window may be
appropriate, while city block or stormwater drainage systems may have a life of 100-years or
more, necessitating a longer planning window (Titus 2003).

Storm Frequency and coastal flooding

Reports of large storm events in Virginia date back to the times of the Jamestown Settlement.
Since then, they have been documented regularly. On average, a tropical storm, or its
remnants, can be expected to impact Virginia yearly, with hurricanes expected once every 2.3
years (Roth and Cobb, unknown year). Understanding trends in land-falling storms is critical to
future planning.

Risk Assessment

Location of Recurrent Flooding Problems in Coastal Virginia

Before any planning or consideration of adaptation strategies can occur, the extent of the
problem must be determined. Precise elevation data are the most important piece of
information for accurately mapping flood potential. A lack of precise elevation data was cited
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as one of the primary barriers to modeling sea level rise impacts in Virginia (VITA 2008). To that
end, localities and other entities in Virginia have been acquiring LiDAR (Light Detection And
Ranging) elevation data, accurate to at least 1.2 feet vertical resolution (RMSEz <= 0.60 and
NSSDA Accuracy <= 1.2 ft). At this time, LIDAR data is available for many of Virginia’s coastal
localities.

Elevation data help determine the likelihood of flooding. Other components include the
capacity of an area to handle stormwater runoff, the expected amounts of precipitation, tide
heights, and storm surge heights.

Precipitation flooding

The Virginia Department of Transportation has a 4 year database of road closures due to
flooding on state maintained roads. This database indicates areas at risk from flooding. Some
cities and localities keep this information for locality maintained roads, but it must be obtained
individually from localities. Areas of recurrent flooding should be targets for management.
Flooding in tunnels and near bridges are priority areas, since road closures in these areas can be
a hindrance to evacuation and emergency services. However, all road closures due to flooding
can be problematic since they can impact economic activities. Coastal Virginia’s unique
geography (a series of peninsulas connected by bridges and tunnels) frequently means that
there are few alternative routes, and that a closure on a main road can result in long and
complicated detours.

Coastal flooding

Storm surge maps show the worst case flooding potential for a given area. For Virginia,
regional and locality-specific storm surge inundation maps can be found at the Department of
Emergency Management (http://www.vaemergency.gov/readyvirginia/stay-

informed/hurricane/storm-surge). Maps show four categories of storm surge inundation areas,

which use the same language as hurricane categories, although the two are not necessarily
linked. The maps are static, providing a generalized storm surge for all storms. The data used
to create these maps come from the partially-completed Virginia Hurricane Evacuation Study.
The Virginia Hurricane Evacuation Study is a joint effort by VDEM, the Federal Emergency
Management Agency, the U.S. Army Corps of Engineers and coastal localities.

Coastal County Snapshots, NOAA Coastal Services Center: Digital Coast

This tool allows assessment of a county’s exposure and resilience to flooding, including maps of
flood zones and types of infrastructure in the flood zones. It uses a “dashboard” type interface,
which summarizes information for the entire county. It can be found at:
http://www.csc.noaa.gov/snapshots.
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Critical Facilities Flood Exposure tool, NOAA Coastal Services Center: Digital Coast

This tool provides an assessment of a community’s critical facilities (schools, fire stations, etc.)
and road miles within the FEMA 100-year flood zone (1% annual chance of flooding), using
FEMA data for the flood zones and 2000-2001 FEMA HAZUS-MH data (see below) for the
facilities. Results are presented both as maps and as tables. It can be found at:
http://www.csc.noaa.gov/criticalfacilities.

Hazards U.S. Multi-Hazard (HAZUS-MH), Federal Emergency Management Agency
HAZUs-MH is a nationally applicable, standardized method for estimating losses from natural
disasters, including floods. Potential loss estimates include: physical damage to buildings and
infrastructure; economic losses including business interruptions; and social impacts (shelter
requirements, displaced households, etc.). It maps the limits of high-risk locations, allowing
users to visualize the relationship to populations. It can be used to assess the reduction in
losses associated with certain adaptation strategies. One of the current limitations of HAZUS-
MH is the use of old census data, which makes the analysis underestimate impacts in regions
that have recently seen increased growth. However, FEMA is currently updating HAZUS-MH
with 2010 census data, which should help alleviate concerns in that area. It can be obtained at:
http://www.fema.gov/hazus.

Although some localities have done vulnerability analyses and prioritized areas for adaptation
strategy adoption, at this time, there is no comprehensive analysis of coastal vulnerability.

It is important to note that vulnerability is not a static measure, but will change over time. As
populations grow and new development continues, the magnitude of consequences from a
given flood event will change. In addition, sea level is predicted to rise faster in some parts of
Virginia, changing likelihood of flooding in certain areas relative to other areas. Therefore,
some prediction of future conditions may help prioritize flooding adaptation efforts.

Predictions of future impacts: Changing precipitation and storm surge

Predictions of changes in precipitation are a complicated subject because they have two
components, one is the number of storms that occur and the other is the intensity of the
storms. In Virginia, both tropical systems (hurricanes and tropical storms) and extratropical
systems (nor’easters and winter storms) can drop significant amounts of precipitation in a short
time period.

Both types of storm systems also create storm surge, the primary component of coastal
flooding. Storm surge is affected by storm intensity, size, speed, central pressure, angle of
approach, shape of the coastline, slope of the offshore area and the complexity of the shoreline
(inlets, bays, etc.) This means every storm produces a unique storm surge, making them
difficult to model and predict. On the open coast, fast moving storms tend to produce a higher
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surge, while in bays and sounds, slower storms produce higher surges. In Virginia, nor’easters
arguably have a larger storm surge impact because they tend to move slowly, raising water
levels over multiple tidal cycles (Davis and Dolan 1993), while hurricanes storm surges create
the most flooding when they coincide with high tide. Models suggest that for small to
moderate storms, storm surge increases about 30 cm per 10mb pressure, while for large
storms, storm surge increases about 40 cm per 10mb pressure (Westerrink et al. 1992).

Trends in both high intensity precipitation and storm surge are complicated by the fact that
weather patterns tend to follow cycles. This means that a short dataset may show an
increasing or decreasing trend in a weather pattern while a longer dataset may suggest a cyclic
pattern. The best information can be gathered from datasets long enough to show multiple
cycles. These datasets can be analyzed to see if the cycles themselves appear to be trending up
or down. At this time, the understanding of climate controls on changing patterns of
storminess and storm surge are limited, reducing confidence in future projections of coastal
storm impacts (Burkett and Davidson 2012).

Precipitation

There are no clear trends in historic records of annual rainfall in Virginia, although it is predicted
to increase by approximately 6% in Virginia (NCA 2012). 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. Scientists predict increasing storm intensity (leading to
higher per storm precipitation), but the trend varies globally and even within the United States.
Between 1948 and 2006, there appears to have been a 25% increase in the frequency of
extreme precipitation events in Virginia (Madsen and Figdor 2007). Extending the dataset to
2011, there appears to have been a 33% increase in the frequency of extreme precipitation
events, with the 1-year storm now occurring every 9 months (Madsen and Wilcox 2012). As the
frequency of extreme events has increased, so has the amount of rain that those storms
produce (i.e. the biggest storms are getting bigger), with Virginia seeing an 11% increase in
precipitation from the largest storms between 1948 and 2011 (Madsen and Wilcox 2012).

This trend has implications for how we design our water management systems. Storm water
drainage systems are typically designed to handle storms of a certain frequency (e.g. a 2-year
storm design would handle storm water from a level of precipitation predicted to occur once
every 2 years). As storm frequency increases, levels of precipitation that are currently expected
only every five years will start to occur every two years. In the Virginia urban areas with
combined sewer/stormwater systems, changes in storm intensity could have health and
environmental impacts. The U.S. EPA estimates that sewer overflows discharge about one
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trillion gallons of untreated stormwater containing human sewage every year (EPA 2004). This
suggests that new stormwater systems should be designed to handle larger storms than we are
currently experiencing.

More research should be done on storm intensity trends in Virginia, so that we can incorporate
these trends while planning our infrastructure.

Storm Surge

Nor’easters typically move rapidly to the north and northeast past the coast of Virginia, but
under favorable conditions in the general atmospheric circulation they can stall and intensify
with little forward motion for a couple of days (Ho et al. 1976). This can generate long lasting
storm surges. Research looking directly at storm surge data for the southeastern United States
found a significant increasing trend in the number of moderately large storm surges, and 44 of
the top 50 storm surge events between 1923 and 2008 were related to tropical storm activity
(Grinsted et al. 2012). Although tropical storms tend not to affect the system for as long as
extratropical storms they should be considered equally important drivers of flooding.
Therefore, it is important to understand changes in both types of storm systems to predict
future flood events. However, the body of science addressing these topics is still actively
growing, making it difficult to predict future trends at this time.

Tropical storms

Much recent research has been done on the question of whether tropical storm activity is
increasing. Hurricane activity in the North Atlantic appears to have been increasing significantly
since 1995 (Nyberg et al. 2008) although the mechanism is unclear. Research on tropical
storms in the North Atlantic Basin suggest that there is an increase in storm activity in the 20t
century, but not necessarily an increase in storm intensity (i.e. proportion of hurricanes to
tropical storms remain constant) (Holland and Webster 2007). It is also unresolved whether the
increase in tropical storm activity is part of a cycle or is a return to normal hurricane activity,
following a period of anomalously low activity in the 1970’s.

Tropical storm activity has been linked to sea surface temperatures, El Nifio, the North Atlantic
Oscillation, and the Atlantic Multidecadal Oscillation among others, all of which are predicted
to change over time (as cited in: Grinsted et al. 2012). The frequency of storms differs between
warm and cold years, with the warm years having more storm activity, with the strongest effect
on the largest storms (Grinsted et al. 2012). Trends suggest that Hurricane Katrina-size storms
are twice as frequent in warm years than in cold years (Grinsted et al. 2012). Determining
trends in storm activity is hampered by the changing observational and record keeping quality
over time. Additionally, an increase in tropical storm activity in the North Atlantic Basin does
not necessarily correlate with an increase in storms making landfall in Virginia.
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The only research found on tropical storm frequency in Virginia (making landfall) looks at data
from the 1800-1990’s and suggests that there is a 50-year cycle in the number of tropical
storms and hurricanes, with the peak of the cycle lasting about 15 years (Roth and Cobb,
unknown year). This concurs with other research suggesting that tropical storm tracks are
driven by random fluctuations in atmospheric steering currents, making the data sets too
“noisy” (filled with unexplained variations) to detect long-term trends in tropical storm landfall
(Landsea 2005; Vecchi and Knutson 2011).

Winter Storms

Most of the storm tides with a 10-yr return period magnitude in coastal Virginia are caused by
winter storms (or nor’easters) (Ho et al. 1976) making them a critical driver of the most
frequent storm surges (Boon 2012). In the United States, the average loss per storm (in $S) as
well as the average storm intensity (measured as numbers of states impacted by a single storm)
appears to be increasing (Changnon 2007). In Virginia, winter storm occurrences between 1984
and 2003 were 130% higher than during the previous 20 year time period, potentially related to
a southern shift in the Arctic front in the latter time period (Changnon 2007). Research on 50
years of data suggests that the annual frequency of the strongest nor’easters is related to the
position of the southerly jet-stream, which varies on an annual basis (Davis and Dolan 1993)
and may be cyclical.

Further research is needed to develop and refine storm-tide projections with a given probability
of occurrence per month and year in Chesapeake Bay. These projections can be used to
estimate the design life of coastal development projects (Boon et al. 2008 ).

Predictions of future impacts: Sea Level Rise predictions

Regional summary of locality vulnerability to sea level rise

The following information about locality vulnerability is summarized from Titus et al. (2010). It
considers vulnerability to inundation by sea level rise over the next century. The area of land
considered vulnerable to sea level rise is listed below, ordered from highest to lowest (note:
some Tidewater localities were omitted from the study due to the poor resolution of elevation
data available at the time of the study.):

Locality Vulnerable Land (sq.
R
hccomack LG
186.4
59.8
25.1
| Gloucester ~ [P2NY
| Mathews B3
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14.2
King William 14.2

12.5

107

8.9
8.2

[Hampton [k
Portsmouth R
39
53.0

*Collective total for Alexandria, Arlington, Caroline, Fairfax, Fredericksburg, King George,
Middlesex, Prince William, Spotsylvania, Stafford, Surry, Westmoreland, Chesterfield, Colonial
Heights, Falls Church, Franklin City, Hanover, Henrico, Hopewell, Petersburg, Prince George,
City of Richmond, Southampton, Sussex, and Williamsburg

Eastern Shore

Several communities in Accomack are considered vulnerable to sea level rise. The natural
resource-based agriculture and seafood industries of the region are being impacted as
farmlands are experiencing increased inundation and salt comtamination and local seafood
industries are experiencing problems created by stormwater runoff and changing coastal
dynamics. Accomack has three developed islands, Tangier, Saxis and Chincoteague. In Tangier,
approximately 90% of structures are in the 100-year flood plain, the entire island is below the
5-ft contour, and severe shoreline erosion threatens the island. Saxis Island also has severe
erosion problems, and the northern portion of the island is very low-lying land. The evacuation
route, a causeway through the marsh, is at risk from both potential compaction of the road bed
and erosion of the surrounding marshes as well as recurrent floodin and sea level rise.
Chincoteague is somewhat less vulnerable to erosion, because it is located in the wave-
attenuated Chincoteague Bay, but is vulnerable to recurrent flooding and sea level rise.

Overall the risk to communities in Northampton County is lower than those in Accomack
County. This is due in a large part to topography; even the lowest lying town (Town of Cape
Charles) is mostly above the 5-ft elevation. However, it is still vulnerable to storm surges and
stormwater flooding as drainage ditches become tidal, reducing their capacity to handle
stormwater. The lowest lying lands (the barrier islands) are largely undeveloped. The primary
impact from sea level rise is expected to be increased shoreline erosion.
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Hampton Roads

Hampton Roads includes a large number of localities which vary greatly in both elevation and
extent of development. Norfolk, Newport News, Portsmouth, Poquoson and Hampton are
highly developed localities, with extensive commercial and industrial development in Norfolk
and Newport News. Virginia Beach and Chesapeake have both highly developed and pristine
areas. The remaining localities are considered less developed.

Poquoson is considered highly vulnerable to sea level rise due to its elevation, which is entirely
below 10-ft. Hampton and Norfolk both have substantial lands below the 10-ft elevation. Both
Virginia Beach and Chesapeake have low land, vulnerable to sea level rise, but elevations are
higher in their most developed areas. Erosion is a threat, particularly along the oceanfront.
The southern shore of the James River has high bluffs along much of its length, buffering the
effects of flooding from sea level rise, but still vulnerable to erosion. The northern shore tends
to be lower elevation and flooding has been an issue as far up as Jamestown Island.

Middle Peninsula

Gloucester and Mathews counties have most of the low lying land in the Middle Peninsula
region, and hence are the most vulnerable to sea level rise. Gloucester County is also the most
developed of the Middle Peninsula localities. Most of its low lands are concentrated in a single
area, Guinea Neck, where flooding on high tides is common. In Mathews County, low land is
dispersed and much of it is undeveloped. However, the northern portion of Mobjack Bay is
developed and is vulnerable to sea level rise. Although at relatively high elevations, Middlesex
County is bayfront and therefore subject to erosion.

Northern Neck

The Northern Neck has relatively high elevations, with only a few, small areas vulnerable to sea
level rise. The lowest community is Lewisetta, Northumberland County. Lewisetta is the only
community vulnerable to inundation (in the next 100 years) along the Potomac River. It already
experiences some tidal flooding of drainage ditches. However, portions of the Northern Neck
are bayfront and subject to erosion.

Rappahannock Area

Most of the Rappahannock area has relatively high elevation, and the major risk in this area is
from increased erosion. Some of the lowest lying land in this area is owned by the military and
there are recreational beaches which may be vulnerable. Although the localities in this region
are not highly developed, there is waterfront development along the rivers.

Northern Virginia
This region is the northern-most area, located along the upper portion of the Potomac River.
This setting reduces expected wave energies thereby reducing erosion risk. Much of the
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Potomac River shoreline is owned by the National Park Service, and thus, is undeveloped
(although the George Washington Memorial Parkway runs along the waterfront). There are
two low lying areas prone to flooding, Old Towne, Alexandria and Belle Haven, Fairfax County.
These areas are the most vulnerable to sea level rise in the region.

Predictions of future impacts: Impacts of Sea Level Rise on infrastructure

There are three major threats to road systems from rising sea level: alterations to the drainage
capacity, flooding of evacuation routes, increased hydraulic pressure on tunnels (Titus 2003).
Most roads have some type of drainage system, and in many low-lying areas roads are built at a
lower elevation than the surrounding land to drain properties. These drainage systems rely on
hydraulic head (from a slope to the waterway) to drain properly. As sea level rises, that slope
declines, decreasing the capacity of the drainage system. This can cause stormwater to back up
or pond, causing flooding. In areas subject to storm surge flooding, rising sea level may cause
the road to flood earlier, potentially cutting off evacuation routes. This requires that
evacuation decisions be made earlier and can increase the risk to life. Roads and bridges can be
raised as sea level rises, however, tunnels are relatively static constructions. Tunnels are used
throughout Southside Virginia to ensure navigability of channels. If tunnel entrances cannot be
raised, there is danger of flooding in the tunnels and a higher water table (due to sea level rise)
results in increased hydraulic pressure on the tunnel structure (Titus 2003). Sea level rise is also
predicted to increase coastal erosion. In coastal Virginia, many roads are adjacent to
waterways. Erosion of the shoreline adjacent to these roads puts the roads at risk of collapse,
potentially cutting off access to portions of the road.

Navigation is an important consideration for coastal Virginia, where port facilities and boat
traffic are a key part of the economic activity. Sea level rise will make channels deeper,
allowing access to deeper draft vessels but will also reduce clearance under bridges (Titus
2003). Reduced clearance under bridges is unlikely to be a major problem in coastal Virginia
due to the large number of drawbridges. However, sea level rise may be a problem for some
port facilities and docks and piers where structures are built at an optimum height relative to
sea level (Titus 2003). How big of an issue sea level rise becomes for these structures depends
on the relationship between the rate of sea level rise and the expected lifespan of the
structures. If the structures require renovations or rebuilding every 20-30 years anyway, new
sea level heights could be taken into account at the time.

Other transportation at risk in Virginia includes airports and railroads. Reagan National Airport
(located in Arlington, VA) has runways immediately adjacent to tidal waters. They are at risk
from storm surge flooding and also at risk from Potomac River flooding. Sea level rise is
expected to exacerbate this problem and may shorten the runways (Titus 2003). Railroad lines
in coastal Virginia are used both for transportation and freight movement
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(http://www.trainweb.org/varail/vamap.html). Tracks which cut across marsh, swamp or other

low-lying land may be impacted by sea level rise (Titus 2003).

There are a number of utilities at risk from sea level rise in Virginia, including water supply and
sewage waste. The average elevation of the Newport News water works service areas is below
30 feet and some of the water intakes have low elevations (Ramaley 2012). For example, the
Chickahominy River intake is only 3 ft above current sea level, making it already vulnerable to
saltwater intrusion during storm surges. It currently experiences approximately 3 saltwater
incursions per year during which the pumps have to be shut down; a 3-foot sea level rise would
cause the number of saltwater incursions to more than double, causing the pumps to be shut
down more than half the year (Ramaley 2012). Because sewers are mostly gravity driven
systems (with occasional pump stations) the outfalls area always at low elevations. This makes
the systems extremely vulnerable to changes in sea level, as the capacity of the system will
decline if the outfalls are partially or completely submerged ((Heberger et al. 2012). Pump
stations are also vuleranble as they rely on electricity to operate and are located at the lowest
elevation (Bernas 2012). Inundation from floods (in particular saltwater) could damage pumps
and other equipment, and lead to untreated sewage discharges (Heberger et al. 2012).

Available tools

Coastal County Snapshots, NOAA Coastal Services Center: Digital Coast

This tool allows assessment of a county’s exposure and resilience to flooding, including maps of
flood zones and types of infrastructure in the flood zones. It uses a “dashboard” type interface,
which summarizes information for the entire county. It can be found at:
http://www.csc.noaa.gov/snapshots.

Critical Facilities Flood Exposure tool, NOAA Coastal Services Center: Digital Coast

This tool provides an assessment of a community’s critical facilities (schools, fire stations, etc.)
and road miles within the FEMA 100-year flood zone (1% annual chance of flooding), using
FEMA data for the flood zones and 2000-2001 FEMA HAZUS-MH data (see below) for the
facilities. Results are presented both as maps and as tables. It can be found at:
http://www.csc.noaa.gov/criticalfacilities.

Hazards U.S. Multi-Hazard (HAZUS-MH), Federal Emergency Management Agency
HAZUs-MH is a nationally applicable, standardized method for estimating losses from natural
disasters, including floods. Potential loss estimates include: physical damage to buildings and
infrastructure, economic losses including business interruptions and social impacts (shelter
requirements, displaced households, etc.). It maps the limits of high-risk locations, allowing
users to visualize the relationship to populations. It can be used to assess the reduction in
losses associated with certain adaptation strategies. One of the current limitations of HAZUS-
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MH is the use of old census data, which makes the analysis underestimate impacts in regions
that have recently seen increased growth. However, FEMA is currently updating HAZUS-MH
with 2010 census data, which should help alleviate concerns in that area. It can be obtained at:
http://www.fema.gov/hazus.

Shallow Water Vulnerability model

The Shallow Water Vulnerability model primarily was designed to project broad-scale climate
change effects on future distributions of coastal habitats. However, it also shows areas of
developed lands that are vulnerable to sea level rise. The model has been run for the entirety of
Tidewater Virginia. The final report is at:

http://ccrm.vims.edu/research/climate change/COASTALHABITATS FinalReport.pdf. Maps of
each locality, with current and future projected conditions can be found at:

http://ccrm.vims.edu/research/climate change/append/AppendixV VulnerableDevelopedlLand
s.pdf.

They report that “Many low-lying segments are in danger of losing high percentages of
infrastructure and residences near the coastline in the next 50-100 years (e.g. Mobjack Bay
(51%), Tangier Island (99%), and Middle York River (37%)).” Most segments are in danger of
losing some portion of their developed lands.
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Predictions of future impacts: Impacts of Sea Level Rise on natural resources

Many of our coastal resources are critical components of a natural system to reduce coastal
flooding impacts. Wide shallow water stretches break waves, reducing their energy before they
strike the shore. Beaches and marshes can act in the same way, protecting upland
development. Marshes can also absorb floodwaters and excess precipitation, reducing flood
duration, decreasing runoff “flashiness” and promoting groundwater recharge. Dunes act as
natural levees and help prevent coastal erosion. Natural resources such as these are being
engineered throughout the world to reduce impacts of flood events (see Section Il for more
detail).

The potential value of these natural resources, and the costs associated with re-engineering
them once lost, argue for the importance of their preservation. However, these resources are
not only under threat from human development, but also from nature. Sea level rise and
coastal erosion eat away at the extent of marshes, beaches and shallow water areas.
Understanding the future distribution of these resources is critical to maintaining their services.

There are a few tools in existence that can be used to understand coastal processes and the
impacts to natural resources in Virginia. Descriptions of these tools follow.

Available tools

Sea Level Affecting Marshes Model (SLAMM)

SLAMM was designed to model the effect of long-term sea level rise on wetland conversion and
shoreline modifications. It uses national datasets, such as NOAA tidal data, U.S. Fish & Wildlife
Service National Wetland Inventory data, as well as local data, such as erosion rates, local rates
of sea level rise and elevation data. Information about SLAMM can be found at:
http://www.warrenpinnacle.com/prof/SLAMM . SLAMM-View 2.0 is a web-based application

which allows comparisons of maps using different sea-level rise scenarios. It will also create a
report summarizing changes under different scenarios. SLAMM-View 2.0 can be found at:
http://www.slammview.org.

In general, SLAMM projects are only run for small areas at a time. There are 2 projects on the
SLAMM-View site that encompass parts of Virginia. These are 1) Chesapeake Bay Region
(including Tangier Sound, the Eastern Shore, parts of the Lower and Middle Peninsula and
Southside Hampton Roads; http://www.nwf.org/Global-Warming/Effects-on-Wildlife-and-

Habitat/Estuaries-and-Coastal-Wetlands/Chesapeake-Bay.aspx) and 2) Chincoteague, Virginia

Site (http://www.slammview.org/slammview2/reports/LDP ChincoteagueFinal.pdf). The

Chesapeake Bay Region model was run with LIDAR where available (however, Virginia LIDAR in
2008 was limited; new and more extensive coverage of LIDAR exists at this time.) Usinga 27.2
inch sea level rise over 100 years, they reported the following results:
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* Natural lands
o Undeveloped dry land = Decrease 17-19%
* Marsh
o Tidal fresh marsh = Decrease 3-59% (highest area of loss: Tangier Sound)
o Tidal Swamp = Decrease 20-85% (highest areas of loss: Tangier Sound,
Southside)
o Brackish marsh = Decrease 29-95% (highest areas of loss: Tangier Sound,
Eastern Shore, Middle Peninsula)
o Transitional saltmarsh = Increase 133-1400% (highest areas of gain: Middle
Peninsula, Southside)
o Saltmarsh = Increase 162-25500%; Tangier Sound, Middle Peninsula,
Southside, and Decrease 87%; Eastern Shore
* Other shoreline
o Tidal flats = Decrease 47-96% (highest area of loss: Tangier Sound)
o Estuarine Beach = Increase 53-800%; Tangier Sound, Middle Peninsula,
Southside, and Decrease 93%; Eastern Shore
o Ocean Beach = Decrease 82-79% (only Eastern Shore and Southside have
ocean beach)

These results suggest that different resources are at risk throughout Tidewater Virginia. Areas
with ocean beaches are at risk of losing large percentages of them, while for most areas,
estuarine beaches should be increasing. Swamps, tidal fresh and brackish marshes will
decrease as the salt wedge moves up the estuary, with a concurrent increase in transitional and
saltmarshes (except on the Eastern Shore). However, this model does not incorporate
shoreline hardening projects and creek constrictions (such as low bridges) which can affect the
ability of habitats to migrate. Therefore, losses may be greater than predicted by this model.

Shallow Water Vulnerability model

The Shallow Water Vulnerability model projects broad-scale climate change effects on future
distributions of coastal habitats. It accounts for changes in sea level rise, temperature and
salinity. This model uses different rates of sea level rise from SLAMM, so results for a given
year scenario will be different. However, the chosen rates bracket those used in the
Chesapeake Bay Region report discussed above. In addition, this model accounts for current
areas of hardened shoreline which will prevent landward migration of coastal habitats, and in
particular will reduce the future extent of transitional and salt marshes. The goal of the model
was to identify areas with potential to support critical coastal habitats in the future, allowing
managers to target those areas for conservation and preservation. In addition, this model
shows areas of developed lands that are vulnerable to sea level rise. The model has been run
for the entirety of Tidewater Virginia. The final report is at:
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http://ccrm.vims.edu/research/climate change/COASTALHABITATS FinalReport.pdf. Maps of
each locality with current and future projected conditions can be found at:

http://ccrm.vims.edu/research/climate change/index.html.

They report that currently 11% of Virginia’s tidal shoreline has been hardened and that 27% of
riparian lands are currently developed. Shoreline hardening is primarily around areas of higher
population. They predict an additional 9-18% shoreline hardening in the next 50-100 years,
based on historic rates. By 2100, shallow waters are estimated to decrease by up to 51%,
eelgrass habitat to decrease by 65%, estuarine beaches to decrease by 85%, tidal wetlands
(marshes and flats) to decrease by 52%, and tidal marshes (a subset of tidal wetlands) to
decrease by 38%.

The loss of shallow water habitat is highest in estuarine regions, while shallow water habitat is
expected to increase in some freshwater areas as tidal wetland habitat is converted to shallow
water areas. The loss of eelgrass beds is similar across all areas where they currently exist. Tidal
marsh was reported to decrease in all areas except Mobjack Bay and the Piankatank River
under most scenarios.

Chesapeake Bay Shoreline Evolution Reports

Chesapeake Bay Shoreline Evolution Reports look at changes in shoreline position overtime due
to erosion, deposition and sediment transportation. These are linked to flooding in two
respects. First, as shorelines erode, the water line comes closer to upland structures; flooding
happens sooner and more frequently. Second, as sea level rises, shorelines that are susceptible
to erosion may experience increased rates of erosion.

Shoreline Evolution Reports are done on a county-wide scale and are available for the following
localities: Accomack County, Gloucester County, City of Hampton, Isle of Wight, James City
County, King George County, Lancaster County, Mathews County, Middlesex County, City of
Newport News, City of Norfolk, Northumberland County, Northampton County, City of
Poquoson, City of Portsmouth, Prince William County, Richmond County, City of Suffolk, Surry
County, City of Virginia Beach, Westmoreland County, York County. The reports can be found
here: http://web.vims.edu/physical/research/shoreline/Publications-Evolution.htm. The

reports contain analyses of historic rates of shoreline change as well as some discussion of
future predictions (in the next 10-20 years) of shoreline change.

Predictions of future impacts: Predictions of Population and development changes
Currently, approximately a third of Virginia coastal shoreline within 1m above high water is
highly developed, with another 22% of lands with intermediate levels of development (Titus et
al. 2009). In addition to high populations in many coastal localities, commuters must also be
considered. Impassable roads can affect both local and nearby communities.
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Shoreline Protection/Hardening

Protecting developed coastal lands from erosion and other coastal hazards is frequently
accomplished through shoreline protection or hardening. As development continues, it is
expected that shoreline hardening will increase. While shoreline hardening is done to protect
property, it prevents natural resources (wetlands, shallow water, etc.) from migrating landward
in response to sea level rise. Since these natural systems play a role in reducing the impacts of
storm surge and storm waters, continued loss of these systems could negatively impact efforts
to protect uplands from floods.

Throughout Virginia, over 75 percent of shorelines are considered at risk of shoreline
hardening; this translates to more than 4600 miles of shoreline (Titus et al. 2010). Future shore
protection is considered unlikely along most of the Atlantic Coast on the Eastern Shore (where
there are large conservation areas) and along the upper reaches of many tributaries and creeks
feeding to those tributaries (Titus et al. 2009). Future shore protection is likely near the mouths
of creeks and tributaries, on most bayfront lands and throughout much of Hampton Roads
(Hampton, Norfolk, Portsmouth, Virginia Beach, Suffolk, Isle of Wight, York and parts of James
City County ) (Titus et al. 2009). Overall, nearly a third of Hampton Roads shoreline is “Almost
certain” to be hardened, while an additional 8 percent is “Likely” to be hardened (Titus et al.
2010).

Coastal Change Analysis Program (C-CAP) Regional Land Cover

The Coastal Change Analysis Program is a national standardized dataset of land cover and land
use changes. The dataset was developed through remotely sensed imagery and is mapped with
a 30m resolution. The data available for Virginia includes 1996, 2001 and 2006. Data can be
downloaded at: http://www.csc.noaa.gov/digitalcoast/data/ccapregional/download, or viewed

in the land cover atlas at: http://www.csc.noaa.gov/ccapatlas/. The land cover atlas will also

summarize land use data on a locality scale.

In 2006, the areas with the highest percent of developed lands in Tidewater Virginia were
primarily located in the Northern Virginia region, although a large percent of the city of
Richmond is also developed (http://www.csc.noaa.gov/ccapatlas/). This analysis does not look

at population, but rather the percent of available lands within a locality. Therefore, it is likely
that smaller localities/cities will have higher percentages of developed lands. Because of the

high percentage of land that is already developed, these localities will have a reduced suite of
practical adaptation options.

Localities with the largest percent change in developed lands tended to be more rural localities
(e.g. Northampton, New Kent, Charles City, Isle of Wight)
(http://www.csc.noaa.gov/ccapatlas/). Although overall developed area in these localities was

low, the percent increases suggest that they are growing. Localities in this category are in a
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prime position to incorporate flood and sea level rise in to every stage of planning and they
have the flexibility to consider most available adaptation options. With proper planning, these
localities may be able to “future-proof” their communities at relatively little cost.

Localities with the percent change in impervious surface greater than 20% include localities
with the largest percent change in developed lands and additional localities (e.g. York, James
City, Chesterfield, Suffolk) (http://www.csc.noaa.gov/ccapatlas/). This suggests that these
localities are also seeing a fair amount of growth. Since increases in impervious surface

contribute to increased rates of stormwater runoff, and are therefore related to flooding issues;
localities with high increasing impervious area are in a prime position to prevent future flood
issues through careful management of stormwater on new development.

Predictions of population changes

The largest populations in Tidewater Virginia are currently found in the following localities (in
order of population): Fairfax County, Prince William County, Virginia Beach, Chesterfield
County, Henrico County and Norfolk (U.S. Census Bureau 2012). Projections for populations in
2030 are primarily the same, with populations in Chesapeake slightly surpassing those of
Norfolk (Virginia Employment Commission 2007). Virginia Beach and Chesapeake are both
within the top five localities with the most land vulnerable to sea level rise (see Regional
summary of locality vulnerability to sea level rise, above). Localities predicted to see the
highest percent growth in population are (in order of highest growth): Suffolk, Spotsylvania
County, Prince George County, Stafford County, New Kent County and King George County
(Virginia Employment Commission 2007). Gloucester County (the locality with the fifth most
land vulnerable to sea level rise (see Regional summary of locality vulnerability to sea level rise,

above) is predicted to see a 40% increase in population by 2030.

Accomack County 33,336 42,185 44,249 33%
Alexandria 144,301 153,174 165,572 15%
Arlington County 216,004 212,816 225,163 4%

Caroline County 28,674 36,058 43,662 52%
Chesapeake 225,050 272,381 308,736 37%
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Chesterfield County
Essex County
Fairfax

Fairfax County

Falls Church
Fredericksburg
Gloucester County
Hampton

Hanover County
Henrico County
Hopewell

Isle of Wight County
James City County

King and Queen
County

King George County
King William County
Lancaster County
Manassas
Manassas Park
Mathews County
Middlesex County
New Kent County

Newport News city

320,277
11,205
22,549
1,100,692
12,751
25,691
36,901
136,401
100,342
310,445
22,580
35,356

68,200

6,997

24,161
15,981
11,282
39,300
15,332
8,962

10,854
18,822

179,611

372,532
11,960
24,193
1,101,144
11,517
25,116
46,013
144,655
124,097
339,703
23,298
44,083

82,781

7,187

30,126
19,119
11,477
43,654
15,171
9,077

12,055
23,671

182,415

430,266
12,974
25,561
1,165,525
12,100
28,518
51,824
144,650
143,959
379,041
23,993
51,629

100,294

7,564

37,365
22,227
11,478
48,181
17,707
9,068

13,181
29,496

183,372

34%

16%

13%

6%

-5%

11%

40%

6%

43%

22%

6%

46%

47%

8%

55%

39%

2%

23%

15%

1%

21%

57%

2%
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Norfolk 242,628 237,448 238,927 -2%
Northampton County 12,377 14,932 15,931 29%

Northumberland

County 12,461 14,587 15,821 27%
Petersburg 32,326 30,734 30,730 -5%
Poquoson 12,000 12,281 12,782 7%

Portsmouth 95,684 100,429 101,071 6%

Prince George County 36,555 53,061 63,420 73%
Prince William County 419,006 515,235 609,953 46%
Richmond 205,533 187,066 187,066 -9%
Richmond County 9,220 9,900 10,512 14%
Spotsylvania County 124,327 175,402 217,797 75%
Stafford County 132,133 176,710 218,772 66%
Suffolk 84,930 122,482 151,427 78%
Surry County 6,931 7,585 8,156 18%
Virginia Beach city 442,707 470,288 493,095 11%
Westmoreland County 17,595 18,336 19,261 9%

Williamsburg 14,444 13,866 14,159 -2%
York County 66,134 76,376 86,823 31%

Current efforts and on-going actions

Review of locality efforts and plans

In October 2000, the United States Congress passed an amendment to the Stafford Act called
the Disaster Mitigation Act of 2000. Based on this act, FEMA wrote regulations requiring local
governments to complete a Hazard Mitigation Plan (HMP) in order to continue to receive
certain types of disaster assistance (Eastern Shore Hazard Mitigation Planning Committee and
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the Accomack-Northampton Planning District Commission (2011). Hazard Mitigation Plan--The
Eastern Shore of Virginia. http://www.a-npdc.org/hazardplan.pdf). A typical regional hazard

mitigation plan includes a hazard analysis, a vulnerability risk assessment, and a capability
assessment. A few localities such as Chesapeake and Poquoson have their own plans but for the
most part the HMPs are regionally focused.

The IPCC (1990) recommendations for National Coastal Planning include four goals for local
governments’ coastal planning efforts. First, coastal localities should implement comprehensive
coastal zone management plans. Most of the hazard mitigation plans fail to address adverse
effects on the coastal zone due to land subsidence and sea level rise. Even far reaching plans
such as the City of Hampton’s Comprehensive Waterways Management Plan lack a
comprehensive study of current and probable future tidal flooding impacts in the city’s flood
prone areas. Still comprehensive coastal management plans need to extend beyond the
borders of one locality and look at an entire watershed or region. In addition to the HMP, many
localities have comprehensive planning, disaster recovery plans, emergency operations plans,
floodplain management plans, stormwater management plans, green infrastructure plans, open
space management plans, and water supply plans, which hopefully will further the mitigation
goals.

Second, the IPCC recommends local governments identify coastal areas at risk. All of the hazard
mitigation plans do a thorough job identifying areas at risk, inventorying structures at risk and
recognizing changing coastal hazards. IPCC also recommends localities should ensure that
coastal development does not increase vulnerability to flooding. The National Flood Insurance
Program’s main goal is to reduce flood damages and protect people and their property from
unwise floodplain development through floodplain management regulations, which is
reiterated in every hazard mitigation plan but some localities have passed more conservative
regulations to restrict new development in vulnerable areas. Finally, according to IPCC’s
recommendations, emergency preparedness and coastal zone response mechanisms should be
reviewed and strengthened. The hazard mitigation plans definitely focus on emergency
preparedness mechanisms by addressing emergency alert systems, evacuation protocols and
operations plans.

The hazard mitigation plans predominately focus on risk assessments, which usually includes an
inventory of critical facilities, chronology of storm hazard events, and repetitive loss estimates
by locality but the exact methodology tends to vary by region. A typical risk assessment, such
as in Poquoson, evaluates the probability of occurrence, location, extent, magnitude and
likelihood of a hazard for a given community. Whereas a vulnerability assessment estimates
the extent of injury and damage that may result from a hazard event of a given intensity.
Vulnerability assessments adjust for the fact that a hazard event that occurs in a highly
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populated area will have a much higher impact than a comparable event that occurs in a
remote, unpopulated area. Chesapeake performed the vulnerability assessment in two ways —
first by estimating the potential impacts on structures in a given planning area in the event of a
100 year flood and then by estimating the per capita planning area damage. The Eastern Shore
prioritized hazards based on the probability of past events, number of structures damaged,
primary impacts, secondary impacts and potential mitigation options. Whereas the George
Washington Regional Comission completed community specific and regional hazard analyses as
well as community specific and regional vulnerability assessments. The Middle Peninsula
created a series of maps for each locality showing the location of structures, on-site sewage
disposal systems, census block groups data and evacuation routes in Flood Zone A and in Flood
Zone AE for the 100-year floodplain as well as the 500-year floodplain.

All of the regions except the Eastern Shore, which calculated the loss estimation in-house,
utilized FEMA’s loss estimating software, Hazards U.S. Multi-Hazard (HAZUS-MH) for their
vulnerability assessment. The George Washington Region lists and maps all the critical facilities
in the 100-year floodplain for each locality. While very few plans show a digital overlay of the
FEMA floodplain maps in relation to critical facilities, most quantified repetitive loss properties
using the HAZUS flood model total annualized loss. HAZUS-MH was used to perform an
elevated structures analysis for Poquoson which found a total of $64,228,000 dollars could be
saved during a 100-year coastal flood as a result of elevating 567 structures; a 16-percent
reduction in loss (City of Poquoson and AMEC Earth and Environmental (2009). City of
Poquoson Multi-Hazard Mitigation Plan.
http://www.ci.poquoson.va.us/sites/default/files/City%200f%20Poquoson%20FINAL%20t0%20
FEMA%20RI11%20091409.pdf). The problem with HAZUS-MH is that it uses census data from
2000 which likely underestimates the amount of development in the coastal zone for all

localities.

In addition to HAZUS, Southside Hampton Roads and Northern Virginia used a qualitative
assessment based on a Priority Risk Index tool to measure the degree of risk for identified
hazards in local communities. For Northern Virginia and Northern Neck, the Virginia Tech
Center for Geospatial Information and Technology and VDEM developed a standardized
methodology to compare different hazards’ risk on a jurisdictional basis including parameters
such as history of occurrence, vulnerability of people in the hazard area, probable geographic
extent of the hazard area, and historical impact in terms of human lives and property. Northern
Virginia overlaid digital flood data with local parcel data and used it to perform a GIS-based risk
assessment for critical facilities. In the future, all the localities that have GIS data layers such as
digital flood data, tax parcel records and building footprint data, could begin to estimate total
building exposure in the 100-year floodplain.
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Limitations

Virginia is still in the process of acquiring comprehensive light detection and ranging (LIDAR)
data. These data will allow for more precise estimations of elevation, therefore improving the
predictive capability of models. All of Coastal Virginia could greatly benefit from the availability
of LiDAR elevation data because LiDAR data will provide the resolution needed to map and
analyze storm water flooding issues in more detail.

In general structural-loss estimates are based on best available data such as tax parcel,
structural characteristics of facilities, hazardous storage classifications, E911 building structures,
digital tax maps, census block information and construction type. but since this information
varies by locality, it limits the effectiveness of the regional hazard assessments. Each locality
provided local critical facility and infrastructure data in some format but a comprehensive
inventory consistent across jurisdictions does not exist because there is not a universally
accepted definition of what constitutes a critical facility. Structural inventories with elevation,
high water marks and flood frequency data from all the localities could be very helpful in
preparing more accurate cost-benefit analyses but there continues to be a data gap in many of
the regions. Some plans underestimated the losses by treating all structures equally while some
plans over estimate losses, by not taking into account which structures have been elevated or
have had flood-proofing measures installed.

The Commonwealth of Virginia’s 2010 hazard mitigation plan ranking was based on the
National Climate Data Center (NCDC) database. A few regions used this same framework to
establish a common system for evaluating and ranking hazards. The majority of the data on
historical weather-related events is from the Storm Event Database available from NCDC,
whereas the numerical damage data and qualitative analysis are based on the collection of
information reported by local offices of the NWS, as well as other local, State and Federal
agencies. Uncertainties are inherent in any loss estimation methodology, arising in part from
incomplete scientific knowledge concerning specific hazards and their effects on the built
environments, as well as incomplete datasets, approximations and simplifications of datasets
and relatively short time periods of records. As a result, inadequate information poses a
problem for developing accurate loss estimates.

Hazards

Coastal flooding is the predominate threat throughout Tidewater Virginia; all regions stated
flooding as a top priority. The majority of the flooding in all the regions is tidal flooding, which
primarily occurs in conjunction with coastal storms such as hurricanes, northeasters, and
tropical storms but many regions are also subject to inland or riverine flooding. Most HMPs
distinguish between flooding caused by precipitation and coastal flooding hazards associated
with hurricanes, tropical storms and nor'easters. Some plans such as Chesapeake, Richmond-
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Crater and Poquoson analyze wind events (including tornadoes, hurricanes, nor'easters) as a
separate hazard. Poquoson listed all the historical tropical storms and differentiated whether
the historic event was caused by flooding, high winds or both. Shoreline erosion (which is
driven by a number of natural influences such as sea level rise and land subsidence, large
storms, storm surge, and flooding) is typically incorporated into the flood section.

Not all plans identified sea level rise as a hazard but certain regions such as Southside Hampton
Roads, Northern Virginia, and Middle Peninsula have more information on the topic and explain
why the hazard will pose a greater threat in the future. For the plans that acknowledge sea

level rise, it is generally accepted that increased flooding damage will result from sea level rise.

After the Virginia Department of Emergency Management (VDEM) created new hurricane
storm surge maps for the coast of Virginia in 2007, the Northern Neck PDC created the
Northern Neck Regional Coastal Storm Surge Hazard Assessment to quantify the monetary
impact to real estate improvements of a category 1 hurricane storm surge throughout a
county's coastline. There are many assumptions inherent in this analysis that have mostly to do
with limitations with the GIS datasets but it is still helpful in identifying storm surge problem
areas for Northern Neck localities. The analysis looked at the total assessed value of all
improvements that have at least some area within the storm surge area as well as the
percentage of the total value for only those portions of buildings within the storm surge area.

Middle Peninsula Storm Surge Hazard Maps were developed by the U.S. Corp of Engineers in
conjunction with the VDEM as part of their 2008 Virginia Hurricane Evacuation Study. VDOT and
County officials in the Middle Peninsula region identified specific flood prone roads in the 100-
year and 500-year floodplain maps. The storm surge maps overlaid the evacuation route with
tidal storm surge impacts for a few coastal counties in the Middle Peninsula. The data only
reflect salt water flooding even though freshwater flooding may also occur with hurricane
events from heavy rainfall runoff. The storm surge hazard maps identify areas that can be
expected as the result of Category 1, 2, 3 and 4 hurricanes, based on the Sea, Lake and
Overland Surge from Hurricanes (SLOSH) model. The SLOSH model is best used for defining the
“worst case scenario” of potential maximum surge for particular locations as opposed to the
regional impact of one singular storm surge event (Salter’s Creek Consulting (2011). Southside
Hampton Roads Hazard Mitigation Plan.
http://remtac.org/LinkClick.aspx?fileticket=Fdy2DLERy44%3d&tabid=346&mid=1709).

Capability and Mitigation

A few regions completed a capability assessment of each jurisdiction's fiscal, administrative,
and technical capabilities. A review of existing plans, policies, programs, ordinances and staff
expertise was completed to identify existing gaps within government activities that could
exacerbate a locality's vulnerability or hinder its ability to implement the hazard mitigation
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actions. By only looking at the local level, it becomes difficult to highlight the gaps that exist in
the region as a whole but it tends to be easier for communities to review locality specific
strategies and determine their own mitigation activities than it is to implement multi-
jurisdictional planning. Many localities developed individual actions plans without holistically
developing cross-jurisdictional mitigation goals. Several of the plans such as George
Washington, Northern Virginia and Southside include the same list of mitigation techniques,
sorted by prevention, property protection, natural resource protection, structural projects,
emergency services and public education, without customizing the strategies to be specific to
the region. Both regions included the individual locality action plans and identified several
themes but only had a few overarching general goals.

Most of the HMPs generally aim to identify existing flood-prone structures that may benefit
from mitigation measures and encourage the incorporation of such techniques into new and
pre-existing development. The plans also support mitigation of priority flood-prone structures
using FEMA HMA programs but in general different regions prioritized mitigation strategies in
different ways and had different geographic scales. The City of Poquoson Municipal Code
includes the Floodplain Management Overlay District which prohibits new manufactured
homes in the Special Flood Hazard Areas. The ordinance requires the minimum height of the
lowest floor of any new or substantially improved buildings built in the floodplain to be at least
one foot above BFE (City of Poquoson and AMEC Earth and Environmental (2009)). Poquoson’s
development standards require all new roads to be built at least 4.5 feet above mean sea level,
all new pump stations to be built above the 100-year flood elevation and all new utilities below
the 100-year flood elevation are required to have watertight manhole lids.

Planning District Efforts

Under a grant from the Virginia Coastal Zone Management Program, several of the Planning
District Commissions (PDC) have looked at the impacts of climate change on their localities.
One of the impacts considered is sea level rise. These reports are geospatially explicit and
provide local information about potential sea level rise impacts. Links to the reports can be
found on the Virginia Coastal Zone Management Program’s website, at:
http://www.deq.virginia.gov/Programs/CoastalZoneManagement/CZMIssueslnitiatives/Climate

Change.aspx
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Section 4.2 GIS methodology

Existing state-wide models of elevation (or topographic) surfaces use DEMs (Digital Elevation
Models) developed from the Virginia Base Mapping Program (VBMP). DEMs have less vertical
and horizontal resolution than newer techniques, which can result in over-estimating areas of
potential inundation. More accurate LiDAR (Light Detection and Ranging) data are still being
collected for portions of the Tidewater Virginia region. Therefore, we built a new surface for
Tidewater Virginia, consisting of LiDAR data where available and DEMs in the few localities
where LiDAR are not yet available. The surface we created has the most recent, highest
resolution elevation data currently existing. Onto the newly created surface, we projected a
sea level rise of 1.5 feet and a storm surge of 4.5 feet (3 feet above sea level rise, considered a
reasonable surge for a large, but typical storm).

Figure 10 shows the distribution of data type by locality. Most of the LiDAR data layers came
referenced to North American Vertical Datum 1988 (NAVD88), a standard geodetic vertical
datum. Any data layers that were in a different vertical datum were converted to NAVD88
before using. A geographic information system (ArcGIS) was used to combine the data layers
into seamless elevation surfaces for five regions: Northern Neck, Middle Peninsula, Peninsula,
Southside, and Eastern Shore. These highly detailed surfaces resulted in very large files,
between 50 and 150 gigabytes for each dataset. This meant processing times were
considerable, as much as 24 hours for each step in the procedure, with a minimum of 16 steps
per region.

In order to determine what land areas would flood, the elevation surfaces needed to be
referenced to a tidal datum. We chose to reference our surfaces to present mean higher high
water (MHHW), so our sea level rise and storm surge values represent water levels above this
reference. Using this adjustment, sea level rise is calculated from the highest point typically
inundated daily. Adjusting from NAVD88 to MHHW involved using software developed by
NOAA called VDatum, whose primary purpose is to convert elevation data between different
vertical reference systems. The basic concept involves many elevation points along the
shoreline being converted from NAVD88 to MHHW, and then extrapolated inland. The
adjusted surface used in this analysis was provided by NOAA’s Coastal Services Center. This
adjusted surface was subtracted from the NAVD88-referenced elevation surface to create a
MHHW-referenced elevation surface.

Using the MHHW-referenced elevation surfaces for each region, all elevations less than or
equal to 1.5 feet were extracted to represent the area flooded by this potential sea level rise.
Next all elevations greater than 1.5 and less than or equal to 4.5 feet were extracted to
represent the area flooded by a 3 foot storm surge on top of the 1.5 foot sea level rise. The
areal extents of these two scenarios were overlain on three different elements: land use,
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wetlands, and roads. The land use layer is from the Coastal Change Analysis Program (CCAP)
and was grouped into three major categories for this study: developed, agricultural, and
forested. The wetlands layer is from the National Wetlands Inventory (NWI), and the roads
layer is from TIGER/Line data from the US Census Bureau. The land use, wetlands, and roads
data were apportioned to each coastal locality for both scenarios, and are presented in the
Table of Coastal Vulerability to Predicted Sea Level Rise and Storm Surge (see Section 1).
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Section 4.3 Sea Level Rise in Virginia
From: Hershner, C. and M. Mitchell. 2012. Rising Tides, Sinking Coast: How Virginia’s coastal
communities can adapt to surging sea levels. Virginia Issues and Answers 17(2):22-27.

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 (Boon 2012; Ezer & Corlett 2012; Sallenger et al.
2012). The consequence of higher sea level is evident in the increased frequency of significant
flooding events in coastal Virginia communities. In the face of increasing risks, adaptation is
essential, and need to act is immediate.

Sea level in Virginia is affected by three general factors: the volume of water in the ocean, the
elevation of the Virginia shoreline, and the movement of water in the ocean. All three things
have been changing in recent times. The result for coastal Virginia has been a long-term and
recently accelerating rise in the level of tidal waters in the Commonwealth.

The first factor — the volume of water in the ocean - is simple to understand. Increasing the
volume of water in the ocean will unavoidably raise the water level at the shoreline. Two things
are currently causing the volume of ocean water to increase. Glaciers, ice caps, and ice sheets
in Greenland and Antarctica are melting, adding water that was stored on land surfaces to the
ocean basins. At the same time, the water in the oceans is warming causing it to expand.
Together these processes are believed to have added over half a foot to ocean levels in the past
century. Both of these processes have increased recently, and now are adding to the oceans’
volume at about twice the former rate. Depending on how much the earth’s atmosphere
warms, these rates are anticipated to increase even further.

The second factor — the elevation of Virginia’s shoreline — is surprising for many people living
here. It turns out that Virginia’s coast is sinking. Again there are a number of things causing
this. The primary cause is the continuing adjustment of the earth’s crust to the melting of
glaciers from the last ice age. About 25,000 years ago, huge ice sheets extended from the
North Pole all the way south to what is now northern Pennsylvania and New Jersey. These ice
sheets were estimated to be over a mile thick, exerting tremendous pressure on the earth’s
crust, actually causing it to bulge up in the region of Virginia. As the ice sheet melted and
retreated northward, that pressure was released and the earth’s crust has been slowly
readjusting ever since. The result is a slow sinking of the mid-Atlantic coastal region.

In addition to the general subsidence of the region, there are two other more local processes
that are adding to the general sinking of our land area. The first is the continuing compaction
of the materials that were blasted apart when a meteor struck the area near Cape Charles

about 35 million years ago. Materials in the impact crater, which extends from the mouth of
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the Rappahannock River to Virginia Beach, continue to settle and compact to this day. The
other process is even more localized, but adds significantly to the slow sinking of land in a
number of areas. This is pumping of large volumes of deep groundwater. Two examples of the
impact can be found in West Point and Franklin where paper mills extract groundwater as part
of their manufacturing process. Much like the pumping of oil along the Gulf Coast, removal of
liquids from deep in the earth causes the overlying areas to settle as sediments compact.

Together the responses to retreat of the glaciers, the meteor impact, and groundwater
pumping, have caused subsidence in our region that almost doubles the effect of increasing
ocean volume. At present sea level in southeastern Virginia is rising at a rate slightly greater
than 1.5 feet per century, and it appears to be accelerating.

The third factor — the movement of water in the ocean — may explain some of the increasing
rate of rise. As anyone who has spent time at sea knows, there are many large currents that
circulate ocean waters around the globe. Some are driven by winds; others are driven by the
cooling of sea water near the poles. Just as warming sea water causes it to expand, cooling
causes it to contract and become denser. When surface waters near the poles are cooled they
tend to sink and flow south, being replaced by warmer waters from the tropics that is drawn
north to replace the sinking polar waters. In the north Atlantic this process drives a major
circulation pattern scientists call the Atlantic Meridional Overturning Circulation, or AMOC for
short. It is perhaps better known locally as the Gulf Stream. One of the things we have learned
studying the world’s oceans, is that moving water is affected by the earth’s rotation. In the
northern hemisphere it is diverted slightly to the right, a fact that causes the typical counter
clockwise spiral of water moving down a drain. At the very large scale of the Atlantic Ocean,
the northward flow of the AMOC, tends to move water away from the U.S. coast (to the right of
the northward flowing surface water). Some of the recent rapid rise in local sea levels may be
explained by a slowing of the Gulf Stream as the polar region warms. Slower moving water
means less pressure to move water away from the coast, and the result is higher water levels
here in the mid-Atlantic.

Looking forward, sea level rise is anticipated to continue. We do not anticipate the subsidence
rate for the Virginia coastal region will change, so it should remain a constant factor. Current
understandings of global atmospheric processes indicate temperatures will continue to rise for
at least the rest of the century. The uncertainty that exists is in how high they may go. At a
minimum this will sustain current trends in glacier and ice cap melting, as well as thermal
expansion of ocean water. Indeed several independent recent analyses have detected
acceleration in the rate of sea level rise from the mid-Atlantic to New England. What all this
means is that we will see higher sea levels in the future, they will probably rise more rapidly
than they have in the last century, and potentially they will rise much more rapidly.
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The long range, end-of-the-century forecasts have significant uncertainty, with projections for
our region of a sea level rise anywhere between 1.5 and 7.5 feet. These projections are based
on the U.S. National Climate Assessment which has generated four scenarios of global sea level
for its 2013 report to Congress (Parris et al. 2012). By adding what we know about land
subsidence in the Virginia coastal region, we are able to develop regional scenarios to inform
planning and adaptation efforts. The scenarios are shown in Figure 16. They all begin with the
documented sea levels in 1992. The lowest curve (labeled “current”) represents a simple
extrapolation of the historic average rate of rise. The top curve (labeled “highest”) represents
the physically possible circumstance that would occur with rapid melting of all the earth’s
glaciers and ice caps, essentially a worst case scenario. The middle two curves are based on
models of the global system’s response to either significant efforts by the world’s nations to
reduce greenhouse gases (the “low” curve), or business as usual (the “high” curve). Recent
trends in Virginia sea levels suggest we are on the “high” curve. Whether this rate of increase
will be sustained is uncertain, but it does inform thinking about the Commonwealth’s future.

Given what is currently known, it seems reasonable to anticipate that sea level in Virginia will
be 1.5 feet higher than it is presently sometime in the next 20 to 50 years. This is a time frame
that makes consideration of potential impacts relevant for home mortgages and most public
infrastructure (e.g. roads, schools, fire stations).
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Section 4.4 Storm surge inundation modeling

Data and analysis for the following maps are courtesy of the Strategic Environmental Research
and Development Program’s (SERDP) RC-1701 project led by Ms. Kelly Burks-Copes and Dr.
Edmond J. Russo (US Army Engineer Research and Development Center (ERDC-EL), Vicksburg,
MS). Storm analyses conducted by Dr. Jane Smith (ERDC-CHL) and Dr. Jay Ratcliff (ERDC-CHL).
Funding for this effort was jointly provided by the SERDP program (http://www.serdp.org/) and
ERDC (http://www.erdc.usace.army.mil/) in support of FEMA.

As part of a project to develop a model that quantitatively evaluates risks to critical military
assets (i.e., infrastructure) and mission capabilities threatened by a range of SLR, tidal
fluctuation, and storm surge-frequency hazards, ERDC carried out extensive modeling efforts
for the coastline of Virginia. To see more about the project, go to:
http://www.serdp.org/Program-Areas/Resource-Conservation-and-Climate-Change/Climate-
Change/Vulnerability-and-Impact-Assessment/RC-1701/RC-1701/(language)/eng-US

The project resulted in detailed sea level rise and storm surge models, including 5 sea level rise
scenarios (0.0m, 0.5m, 1.0m, 1.5m, 2.0m) and 17 tropical storms, 3 nor’easters and the 1-year
and 10-year storms. In total, they intensively assessed risks for 25 scenarios (SLR X Storm
intensity = 1 scenario; for 5 SLR ranges and 5 storm intensities — 100-yr, 5-yr, 10-yr, 1-yr, and 1
nor’easter). Below we present maps (Figures 17, 18, 19, 20, 21) using data from one of the
storms, placed on a 2m sea level rise.

For the maps below, the models used ADCIRC’s unstructured mesh with varying grid cell sizes
ranging from 30m to 4 km (smaller as they move inland) and FEMA’s new topo/bathy
surface(downscaled to 10m). It does not model the effects of hydrologic connectivity to
groundwater and flooding (although this was done on one military installation and the
capability exists within the models).

For more details, please see the report:

Copes, K. A., and E. J. Russo. (In press). Risk Quantification for Sustaining Coastal Military
Installation Assets and Mission Capabilities, Final Technical Report. Prepared by the U.S. Army
Engineer Research and Development Center (ERDC), Environmental Laboratory (EL), Vicksburg,
MS for the Strategic Environmental Research and Development Program (SERDP) under project
#RC-1701.
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Section 4.5 Emergency Manager Survey Responses

We obtained responses to our questions from 19 localities and 25 participants (note that City of
Chesapeake, Suffolk, and Virginia Beach had more than one respondent representing their
locality). Localities are list below; the ones with asterisks had at least one participant who
responded to the survey, the number of respondents is in parentheses. Responses are graphed
below. Response should be considered the viewpoint of the respondent, since respondents
from the same localities did not always respond in the same way. Responses from the Northern
Neck and Middle Peninsula Regional Emergency Manager Meeting (NN/MP) and the Regional
Emergency Management Technical Advisory Committee Meeting (REMTAC) are included in
“ALL” responses, but have also been graphed separately to highlight any operational
differences between the approaches of predominantly low development localities (NN/MP)
with predominantly high development localities (REMTAC).

Meetings attended:
Northern Neck and Middle Peninsula Regional Emergency Manager Meeting
Mathews

* Middlesex (2)

King and Queen County
King William County

* Essex County (1)

* Lancaster County (1)

* Richmond County (1)
Westmoreland County
Northumberland County
Gloucester

* The Town of West Point (1)

Regional Emergency Management Technical Advisory Committee

* Hampton City (1)
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* Norfolk City (1)

* Chesapeake City (2)

* Suffolk (3)

* Newport News City (1)
* Virginia Beach City (2)
* Isle of Wight County (1)
* Portsmouth City (1)

* Poquoson City (1)

* City of Williamsburg (1)
Franklin City

Suffolk City

Gloucester

James City

Southampton

Surry

York

Other regional groups, surveys mailed or emailed:
Northern Virginia Emergency Managers

* Alexandria City (1)

Arlington County

Prince William County

Fairfax County

Stafford County
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Manassas City

Manassas Park City

Rappahannock River Area Emergency Managers
* King George County (1)

* Spotsylvania County (1)

Caroline County

Fredericksburg City

Parts of Stafford

Eastern Shore Emergency Managers
* Accomack County (1)
Chincoteague Town

Northampton County

Region 1 Emergency Managers
Charles City County
Chesterfield County

Hanover County

Henrico County

Hopewell City

New Kent County

Prince George County

Richmond City
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Survey Responses

Does your Hazard Mitigation Plan, Comprehensive Plan, Floodplain
Management Plan or other Planning Documents address adaptation
strategies for flooding problems?

20

15

10

Yes No I don't know

HALL ®NN/MP REMTAC

Although we asked this question, we also did our own survey of locality plans related to
flooding (see previous section: Review of locality efforts and plans). Therefore, this question
serves more to gauge the perception of emergency managers about actions in their locality
regarding flooding. It is likely related to how well localities have “advertised” their flood
planning efforts. It is interesting to note that when localities had multiple respondents, they
tended to answer this question differently, suggesting that flooding planning efforts may only
be familiar to the people directly involved in the planning efforts and may not be well
“advertised” to others within the locality.
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14
12
10

o N b O

Do your emergency evaluation protocols proactively reroute traffic

related to projected flooding events?

Yes

No I don't know

B ALL ®NN/MP m REMTAC

25

20

15

10

Are there areas within your community where roads must be closed or
signed for hazardous conditions associated with water on the pavement?

Yes

No I don't know

B ALL ®NN/MP m REMTAC
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The State highway department tracks flooding events on

state-

maintained roads. For roads not maintained by VDOT, does your locality
track historical road closures due to repetitive flooding?

16
14
12
10
8
6
4
2 E
0
Yes No I don't know
HALL ®NN/MP m REMTAC
Does the administration maintain a database to track reported flood
problems that don't relate to road closures?
12
10
8
6
4
2
0
Yes No

B ALL ®NN/MP m REMTAC

I don't know
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25

20

15

10

Has your county identified whether critical infrastructure such as
hospitals, evacuation refuge sites, fire and emergency rescue facilities,
and key transportation routes are outside of inundation zones or are
secured against projected flooding?

Yes No I don't know

B ALL ®NN/MP m REMTAC

N ... e

12

10

0o

)]

D

N

Degree of Flooding: Are there known areas in your community that flood
on a regular basis during normal high tide?

Yes No I don't know

B ALL ®NN/MP m REMTAC
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18
16
14
12
10

O N & O

Degree of Flooding: Are there known areas in your community that flood
on a regular basis during extreme high tide?

No I don't know

B ALL ®NN/MP m REMTAC

25

20

15

10

Degree of Flooding:
Are there known areas in your community that flood on a regular basis
during storms (nor'easters, hurricanes, heavy rains)?

Yes No I don't know

B ALL ®NN/MP m REMTAC
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25

20

15

10

Do you know of any structural losses (including garages, buildings and
sheds) that have been reported or have occurred as a result of flooding?

No I don't know

B ALL ®NN/MP m REMTAC

16
14
12
10

o N B O

Have any structures been raised in your community due to flooding or
flood prevention?

No I don't know

B ALL ®NN/MP m REMTAC

As a follow-up question, we asked “Who paid to raise the structure?” In almost all cases, the

response was some combination of the private property owner and FEMA.
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Has your locality considered measures to address flooding issues?

18
16
14
12
10

Yes No I don't know

o N B OO

mALL ®mNN/MP REMTAC

As a follow-up question, we asked “What measures have been considered a viable option to
address flooding?” NN/MP localities responded: elevating road surfaces and raising structures,
with one locality also considering sand bags, sea walls and relocating people. REMTAC localities
responded (in order of popularity): raising structures, relocating people, elevating road surfaces
and sea walls, and pumping stations/dams/levees. In general, elevating road surfaces was
considered more in the less developed localities. This is likely because rural roads typically have
less associated infrastructure (storm water drainage systems), making them easier and cheaper
to elevate than city streets. Also, lots are typically larger, so elevating a road without elevating
the surrounding property is less likely to negatively impact private property. Pumping
stations/dams/and levees have been considered in some developed localities. These are
expensive engineering strategies and therefore are most likely to be considered in areas where
high development allows for each structure to protect a large number of properties, bringing
the cost per property down.
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Which factors contribute to flooding in your community?

L LLL.E

W ALL
m NN/MP
W REMTAC
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Do you consider sea level rise as a force responsible for the repetitive

flooding problems?

18
16
14
12
10

0 O < N O

I don't know

No

Yes

EALL ®NN/MP = REMTAC
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Is the information available on sea level rise understandable to you and
your staff?

20

15

10

Yes No I don't know

B ALL ®NN/MP m REMTAC

As a follow-up question, we asked “What concerns do you have regarding the repetitive
flooding problem in your locality?” Almost all localities responded that public safety was their
primary concern. The next top concerns were health risks associated with flooding and the use
tax payer’s dollars, followed by economic losses from flooding and mitigation costs. Only 2
localities had no concerns associated with flooding.

Do you know the estimated rate of sea level rise in your community and
the potential impacts?

14

12

10

o N b O

Yes No I don't know

B ALL ®NN/MP m REMTAC
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16
14
12
10

o N B O

Do you have the tools necessary to assess these risks in your community
and make informed decisions?

Yes No I don't know

mALL ®mNN/MP mREMTAC

25

20

15

10

Are you interested in learning more about sea level rise in your
community?

Yes No I don't know

B ALL ®NN/MP m REMTAC
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Has the administration held any public information meetings related to

repetitive flooding problems in the community?

14
12
10
8
6
4
2
0
Yes No I don't know
EALL ®mNN/MP = REMTAC
Are there any known citizen organizations that have formed over this
issue?
12
10
8
6
4
2
0 N
Yes No I don't know

B ALL ®NN/MP m REMTAC
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Section 4.6 IEN strategy list

The following lists are presented courtesy of the University of Virginia Institute for
Environmental Negotiation.

Local Government Tools for Addressing Sea Level Rise in Virginia
DRAFT
Planning Tools To Be Considered for Discussion at Focus Groups
Compiled by the University of Virginia Institute for Environmental Negotiation
Sources cited below
January 2012
LAND USE: Examples of tools relating to land use concerns

1. Update the local Comprehensive Plan to:

a. Establish the rate of estimated sea level rise and time period over which it may
occur.

b. Designate areas vulnerable to sea level rise.

c. Site future public infrastructure and capital improvements out of harm’s way.
Provide the scientific basis to justify changes in land use decision-making,
including an analysis of likely sea level rise hazards (inundation, flooding,
erosion), and vulnerabilities (to specific areas, populations, structures and
infrastructure).

e. Plan responses to sea level rise.t

2. Using data gathered on potential sea level rise and predicted flooding, update existing
or designate new inundation zones or flood plain areas.’

3. Integrate vulnerability assessments and sea level rise considerations into the locality’s
existing Wetlands Ordinance.’

4. Revise local zoning and permitting ordinances to require that projected sea level rise
impacts be addressed to minimize threats to life, property, and public infrastructure and
ensure consistency with state and local climate change adaptation plans.4

5. Use overlay zoning to protect shorelines and other vulnerable areas. Overlay districts
could prohibit shoreline protection structures, implement shoreline setbacks, restrict

! Georgetown Climate Center, Stemming the Tide: How Local Governments Can Manage Rising Flood Risks —
Review Draft 3 11 (May 2010), on file with author.

? See id. at 9-10.

3 virginia Polytechnic Institute and State University (“Virginia Tech”), Building Resilience to Change: Developing
Climate Adaptation Strategies for Virginia’s Middle Peninsula — DRAFT 16 (October 2011), on file with author.

* L. Preston Bryant, Jr., Governor’s Commission on Climate Change, Final Report: A Climate Change Action Plan 35
(Dec. 15, 2008), on file with author.
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future development, lower non-conforming use thresholds, or raise “free board”
building code requirements. Shoreline overlay districts could take the form of either:
a. A fixed-distance zone along the shoreline that would extend across all existing
shoreline zoning districts; or
b. A variable, resource-based zone, based on a scientific inventory of existing
shoreline resources. The zone would vary in distance from the water line
according to the identified resources.”

6. Designate specific thresholds of land disturbance in square footage or acres that trigger
a Water Quality Inventory Assessment.’

7. Under section 15.2-2286 of the Virginia Code, offer tax credits to landowners who agree
to voluntarily “downzone” their property.7

8. Offer Use Value Assessments for owners who preserve shoreline property as open space
or Wetlands Tax Exemptions to owners who agree to preserve wetlands and riparian
buffers. These strategies are authorized under Virginia Code sections 58.1-3230 and
58.1-3666, respectively.®

9. Enter into voluntary agreements with landowners to establish “rolling easements” with
boundaries that shift as the mean low sea level rises. These would allow landowners to
continue with their current land uses until sea level rise actually occurs. At this time,
the concept of “rolling easements” is still relatively new.’

10. Extend Resource Protection Area and Resource Management Areas under the
Chesapeake Bay Preservation Act (CBPA) ordinance. These areas can be extended if
specific performance criteria that contribute to the stated goals of the CBPA (pollution
reduction, erosion and sediment control, stormwater management) are established.™

NATURAL RESOURCES: Examples of tools relating to concerns

1. Prevent the erosion of storm water canals and shoreline by regularly removing trash,
vegetation, sands, and other debris. ™

2. Restore prior-converted wetlands to provide storage and filtration and mitigate storm
flows and nutrient Ioading.12

° Virginia Tech, supra note 2 at 13, 32, 43.

®/d. at 16.

! Georgetown Climate Center, supra note 1 at 18.

8 Virginia Tech, supra note 3 at 43.

%1d. at 36, 43; see also Georgetown Climate Center, supra note 1 at 19-23.

10 Virginia Tech, supra note 1 at 43.

" |nstitute for Environmental Negotiation (“IEN”), Sea Level Rise in Hampton Roads: Findings from the Virginia
Beach Listening Sessions, March 30-31, 2011, Final Report 61, available at
http://www.virginia.edu/ien/docs/Sea_Level_Rise%20final%20report%207-19.pdf.

12 Virginia Tech, supra note 3 at 27.
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Require new landscaping to incorporate flood and salt-water tolerant species and focus
on creating buffers and living shorelines to reduce erosion.*®

Continue implementing beach replenishment and nourishment efforts.

Where possible, adopt shoreline protection policies that encourage the use of living
shorelines rather than shoreline hardening.15 Where this is not feasible, protect land

and buildings from erosion and flood damage using dikes, seawalls, bulkheads, and

Encourage shoreline property owners to implement shoreline management practices,
including managing marshland and constructing stone sills, breakwater systems,

Expand the adoption of accepted soil-conservation agricultural management practices

Institute engineering strategies to mitigate saltwater intrusion into freshwater aquifers,
including the construction of subsurface barriers, tide control gates, and artificially

Establish and maintain corridors of contiguous habitat along natural environmental
corridors to provide for the migration and local adaptation of species to new
Develop a price-based accounting system for ecosystem services.”!

Provide local businesses with information on the importance of maintaining the health
of shorelines.? (good voluntary approach if the case can be made “why do this”

3.
5.
other hard structures.®
6.
revetments, and spurs.17
7.
to reduce erosion and polluted runoff.*®
8.
. . 19
recharging aquifers.
0.
environmental conditions.?’
10.
11.
12.

1.

Remain aware of the effects that flood mitigation strategies, such as beach
replenishment, have on wildlife.”

SAFETY AND WELFARE: Examples of tools relating to safety and welfare concerns

Develop sea level rise action plans for critical local infrastructure. If existing
transportation infrastructure is at risk, “develop plans to minimize risks, move

B IEN, supra note 11 at 57.
" 1d. at 59, 65.
B see Bryant, supra note 4 at 36.

16 Virginia Tech, supra note 3 at 35.

7 1d. at 42.
18 1d. at 28.
Y d. at 13.
2 IEN, supra note 11 at 64.

2 Virginia Tech, supra note 3 at 21.

2 IEN, supra note 11 at 61.
2 1d. at 64.
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infrastructure from vulnerable areas when necessary and feasible, or otherwise reduce

vulnerabilities.”?*

2. Implement an early warning system for flooding that would monitor rainfall and water
levels and notify relevant government agencies and the general public in the event of an
emergency.25

3. Improve the ability of local infrastructure to efficiently handle drainage in the event of
increased flooding. This could involve minimizing the construction of new impervious
surfaces in flood-prone areas.”®

4. Amend existing zoning ordinances to require increased building elevations and setbacks,
flood-proofing, and reduced density for new construction within flood zones.”’

5. Improve and enhance traffic rerouting and emergency evacuation protocols related to
flooding events.”® (First responders love this stuff)

6. Ensure that hospitals, evacuation refuge sites, fire and emergency rescue facilities, and
key transportation routes are outside of inundation zones or are secured against
projected rooding.29

7. Redirect new infrastructure development away from low-lying neighborhoods and other
at-risk areas, and elevate and armor existing critical infrastructure.*®

8. Require private sector owners of infrastructure to conduct sea level rise vulnerability
assessments and develop their own sea level rise adaptation plans as a condition for
permit approval.31

9. Encourage the graduated repurposing of structures that are rendered unsuitable for

their current use by sea level rise.>? %

10. Gradually withdraw public services in flooded areas.** %

QUALITY OF LIFE: Examples of tools to address quality of life concerns

1. Involve businesses in the planning process to prevent the loss of shoreline business and
to mitigate the impacts of increased flooding and sea level rise.* (could be a good
voluntary strategy for public awareness.)

2 Bryant, supra note 4 at 35; see also IEN, supra note 2 at 64-65.
5 see Virginia Tech, supra note 3 at 22.

% IEN, supra note 11 at 57, 61.

2 d. at 43; Georgetown Climate Center, supra note 1 at 11.

2 William A. Stiles, “A ‘Toolkit’ for Sea Level Rise Adaptation in Virginia” 4.1.3, on file with author.
2 d.

% 1d. at 3.1.

3 Bryant, supra note 4 at 35.

32 IEN, supra note 11 at 60.

8 Bryant, supra note 4 at 35.

¥ Id. at 81.

% Bryant, supra note 4 at 35.
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2. Establish a Transfer of Development Rights program to allow the owners of at-risk

shoreline properties to sell development rights to upland landowners.*’

3. Permit the use of Onsite Density Transfers, which allow developers to subdivide lots into
smaller and denser parcels if they preserve a portion of the lot as open space and
cluster the subdivided parcels.38
Purchase flooded property from landowners.*®

5. Organize coastal businesses and homeowners to appeal to insurance companies for
affordable rates and deductibles.*’

6. Organize coastal businesses and homeowners to petition local, state, and federal
politicians to address sea level rise.!

7. Require realtors to disclose the threat of sea level rise and the responsibilities of
shoreline owners to potential purchasers of shoreline properties.42

8. Implement special taxing districts that cover the real, life-cycle costs of providing
government services in high-risk flood zones, resulting in higher taxes for property-
owners in those zones.*?

9. Use a financial regulatory program to discourage increasingly risky investments along
the shoreline. Examples of existing programs with similar aims include:

a. The state regulation of the property loss insurance sector to reflect higher risk
from sea level rise, and
b. Placing conditions on economic development to require the completion of a
long-range vision and plan that addresses sea level rise and flood risk.**

10. Hold a series of meetings with stakeholder groups to discuss and gauge potential sea
level rise impacts to the region or Iocality.45

11. Educate local elected officials on sea level rise, and the predicted impacts to the region
or Iocality.46

12. Present data in easily-understood terms, such as X acres will be flooded, X homes lost,
and X impacts to wildlife.*’

% 1d. at 27.

87 Georgetown Climate Center, supra note 1 at 17.
% Virginia Tech, supra note 3 at 40.

% IEN, supra note 11 at 81.

“0 Id. at 58-59.

! 1d. at 60.

“2 Id. at 63.

43 Stiles, supra note 24 at 4.1.2.

“Id. at 4.1.4.

4 Virginia Tech, supra note 3 at 7-8.

*® 1d. at 9. For specific training and funding opportunities, see id. at 44-45; see also |EN, supra note 11 at 67.
4 IEN, supra note 11 at 64.
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13. Extend media coverage to issues related to sea level rise to increase public awareness
and to help citizens prepare for emergencies. This can include the use of social media,
such as Facebook, as well as traditional media, including radio, television, and
newspapers.*®

14. Increase public outreach, including press conferences, information sessions, community
events, public meetings, and exhibits on sea level rise at libraries, aquariums, and
museums.*’

15. Using modern technologies such as GIS mapping software, develop education programs
for residents as well as students in local and regional schools.™

16. Educate residents about the role that fertilizing, vegetation removal, and litter play in
increasing flooding, erosion, and property damage.51

17. Provide landowners with accurate data on the current and future vulnerability of their
property to sea level rise as well as best managing practices for mitigating the effects of
increased rooding.52

18. Raise public awareness of areas prone to flooding through increased signage.™

OTHER TOOLS to consider

1. Craft a “Community Resilience” policy statement emphasizing the need for science-
based vulnerability assessments, adaptation planning, education and public
engagement, and the development of flexible regulatory and non-regulatory strategies
for addressing sea level rise.”*

2. Compile a sea level rise impact assessment. This is often a long-term, multi-phase
effort. Steps can include:

a. Assembling an advisory Workgroup.55

b. ldentifying flood zones and at-risk populations.

c. Mapping regional and county sea level rise predictions to show impacts to
existing development and natural areas; and

d. Assessing and prioritizing economic and ecological vulnerabilities to sea level

rise.56

“8 Id. at 66, 68.

“ See id. at 62-63, 66-67.

¥ see Virginia Tech, supra note 3 at 45.
51 IEN, supra note 11 at 63.

2 1d, at 59; Bryant, supra note 4 at 37.
53 IEN, supra note 11 at 57.

> Virginia Tech, supra note 3 at 34.

% IEN, supra note 11 at 57.
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3. Create adaptation plans for areas at early risk from sea level rise.”” This could involve an
evaluation of adaptation strategies implemented by other U.S. jurisdictions and by
foreign governments.”®

4. Investigate how to address sea level rise in other planning strategies, including
transportation plans, regional economic development plans, and regional hazard
mitigation.59

5. ldentify the financial resources needed to meet adaptation needs.®

%6 Stiles, supra note 24 at 3.1.; Virginia Tech, supra note 3 at 8.

> see generally Stiles, supra note 24; Virginia Tech, supra note 3 at 2.
58 IEN, supra note 11 at 57.

* see Stiles, supra note 24 at 4.1.1.

% 4. at 3.2.
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Appendix A. Copy of SENATE JOINT RESOLUTION NO. 76

2012 SESSION

ENROLLED

SENATE JOINT RESOLUTION NO. T6

Requesting the Virginia Institwte of Marine Science to study strategies for adaptation to prevent
recurrent flooding in Tidewater and Eastern Shore Virginia localities. Report.

Agreed to by the Senate, February 28, 2012
Apreed to by the House of Delegates, February 24, 2012

WHEEREAS, relative sea-level nize has been identified as a threat to coastal Virgmia, and relative sea
lavel measured at Sewells Pomnt, Norfolk, has nsen by 14.5 mches smee 1930; and

WHEREAS, scientists predict an additional 2.3 to 5.2 feet of relative sea-level nse i the Chesapeake
Ba}rreg;l.onb}'ﬂm and

WHEREAS, the Norfolk-Virmma Beach Metropolitan Statistical Area 1anks tenth globally in the
ﬂlneafassefsmqmsedtﬂmeasedﬂnu{hngﬁ'nmsealemlnﬂemﬂ

WHEEREAS, many areas of Hampton Foads already experience extreme flooding from roufine
wmmw%mgmwdmtumbmpwmdpﬁh:mmﬂ

WHEEREAS, the Port of Hampton Eoads 15 a major dnver of the repional and state economry, amd
mnstbepcm‘hec’hed,and

WHEREAS, Naval Station Norfolk and Hampton Roads' other military bases are vital to our national
mmtymdthﬂuupﬂihnnal:apﬂbihhummtmtbehmhdhymmmmdﬂuudmg‘nd

WEHEREAS, the costs of adapting to relative sea-level mse far exceed the capacity of local
gnvmmmbandrﬁldenﬁtnbaaralme and

WHEEREAS, there are many local regional, state, and federal pariners who have a stake m
coordinating their efforts to address the problems associated with melative sea-level nise; now, therefore,
be 1t

EESOLVED by the Senate, the House of Delegates concumng, That the Virgima Institute of Marine
Science be requested to study strategies for adaptation fo prevent recurent flooding in Tidewater and
Eastern Shore Virgmia localities.

In conducting its study, the Virginia Institute of Marme Science shall (1) review and develop a

list of i1deas and examples of strategies used in simular settings around the United States

and the world; (1) convene a stakeholder advisory panel for the pmpose of discussmz and assessing the
feasﬂﬁhtyufaxph}ungthese:habeglﬁmTldmﬂuanﬂEasbﬂnﬂhmeVn‘glma and (mi) offer specific
recommendations for the detailed inwestigation of preferred options for adaptmg to relative sea-level nise.

The sudy shall mclude the participation of the Hampton Foads Plannmg District Commussion and its
member localites and Old Dommuon Umiversity. All agencies of the Commomwealth shall provide
assistance to the Virgima Institute of Marme Secience for this smdy, upon request.

ThVug;maIushhlbeufh[mmSﬂmsha]]cumplEberhm@hngsbme@mhﬂﬂﬂ 2012, and
Mwbmth&eGm@mmand&eGmaﬂAssmxbbmmcnhwmmyanﬂampuﬂnfiﬁ
findings and recommendations for publication a: a House or Senate document. The executive summary
.andr@mtshﬂbembmﬁdﬁmmﬂ.&dmﬁepme&nﬁufﬁe&mufl@shhbﬁﬁummd
Systems for the processing of legislative documents and reports no later than the first day of the 2013
Regular Seszion of the General Assembly and shall be posted on the General Assembly's website.
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