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heavy rainfall washed out a culvert and created a sinkhole. Trees were downed along streams 
when the waterways overflowed their banks. Flooded roads and downed power lines were 
reported in North Arlington where a total of 5% inches of rain was recorded. In Falls Church, 
more than three inches of rain fell in two to three hours. Red Cross Chapter Headquarters was 
damaged when water flooded a portion of the building. In Prince William County, side roads 
were flooded by heavy downpours in Manassas. Four homes and two cars were damaged by 
flood waters. 

January 19-22, 1996 
Snowmelt, combined with one to three inches of rain (some locations received nearly five 
inches), caused the worst regional flooding in over 10 years. Warming temperatures melted most 
of the snow on the ground within 12 hours. The snow pack had a liquid equivalent of between 
two to three inches. River flooding began along the headwaters of all basins and continued 
downstream through the 22nd, with crests ranging ftom three to 21 feet above flood stage. High 
water caused millions of dollars in damage, closed roads, destroyed homes and businesses, and 
forced the evacuation of several towns. Four people were rescued by the National Park Service 
and Fairfax County F i e  Department at Great Falls when they wandered onto the rocks to view 
the raging Potomac and became stranded. Several kayakers were also rescued while trying to 
navigate the rough waters. Flood waters covered Union Street and the lower part of King Street 
along the river in Old Town Alexandria, and affected Washington National Airport, but not the 
runways. 

November 4-7 1985 
The "Election Day Flood" caused 22 deaths and nearly $800 million in damages across Virginia. 
The Potomac River in Alexandria crested at 11.8 feet, 4.8 feet above flood stage (7 feet). 

June 21-24, 1972 
Hurricane Agnes entered Virginia as a tropical depression that produced widespread severe 
flooding. Sixteen inches of rain were recorded in Chantilly in Fairfax County resulting in major 
flooding on the Potomac and James rivers. Peak flows in the Potomac River basin ranged from 
two to six times previously known maximums. The Potomac River crested at 15.5 feet, 8.5 feet 
above flood stage. 

October 11-18.1942 
Although there is very little data on specific flood 
impacts, the Northern Virginia region suffered a 
significant flood event in 1942 following a period of 
torrential rains that resulted in six to 10 inches of water 
falling across the region. Damage was probably 
restricted to Old Town Alexandria. To make matters 
worse, up to 15 inches fell in areas to the west and 
upriver. Flood losses on the swollen Potomac River were 
estimated at $4.5 million, which at the time was deemed 
the worst river flood to hit the State of Virginia. During 
this time, the Potomac River at Washington, DC, reached 

P 17.6 feet (flood stage is seven feet), and areas of 
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Alexandria and Arlington were reportedly seriously flooded. 

April 193 7 
Just one year after the record flood of March 1936, another major flood struck Virginia. Heavy 
rains caused widespread flooding over all but southwest Virginia. Flooding on the Potomac was 
not as bad as the previous year, yet the river rose to 14.3 feet at Wisconsin Avenue in 
Georgetown and portions of Alexandria and Arlington again flooded. Total damages to roads 
and bridges in Virginia came to nearly a half a million dollars. Agricultural losses came to over 
a million dollars in Northern Virginia alone. 

March 17-18.1936 
During the period of March 9-22, successive storms crossed the eastern region of the U.S. with 
floods occuning from Virginia to Maine. In Virginia, the Potomac, Shenandoah, Rappahannock, 
James, and York Rivers flooded. The winter of 1935-1936 was marked by long-continued 
periods of low temperatures and heavy snowfalls. In December, it was estimated that areas in 
the northern Blue Ridge Mountains exceeded 40 inches of snow. Some snow melted during a 
mild January, but more fell in late January to mid-February. March began with warm 
temperatures and a thaw. The fxst rainstorm came in the second week with up to three inches 
falling. The rains melted the snow, adding an equivalent of one to two inches of rainfall. This 
caused the rivers to rise and set the stage for the next rain event. The primary flood-producing 
rains came March 17 and 18, when a storm drawing moisture from the Gulf of Mexico, tracked 
across Virginia. It dumped an additional six inches of rain on top of the already saturated soil. 
The Potomac River in Washington, DC, rose nine feet above flood stage flooding portions of 
Arlington and Alexandria including the old airport. 

Nntinnrrl Flood 1nstn.cmc.r Progrrrm (NFIP) 
The Flood Insurance and Mitigation Administration, a component of FEMA, manages the NFIP. 
The three components of the NFlP are: 

1. Flood Insurance: 
2. Floodplain Management; and 
3. Flood Hazard Mapping. 

Nearly 20,000 communities across the United States and its territories participate in the NFlP by 
adopting and enforcing floodplain management ordinances to reduce future flood damage. In 
exchange, the NFlP makes federally backed flood insurance available to homeowners, renters, 
and business owners in these communities. Community participation in the NFlP is voluntary. 

Flood insurance is designed to provide an alternative to disaster assistance to reduce the 
escalating costs of repairing damage to buildings and their contents caused by floods. Flood 
damage is reduced by nearly $1 billion a year through communities implementing sound 
floodplain management requirements and property owners purchasing flood insurance. 
Additionally, buildings constructed in compliance with NFIP building standards suffer 
approximately 80% less damage annually than those not built in compliance. 

In addition to providing flood insurance and reducing flood damages through floodplain 
management regulations, the NFIP identifies and maps the Nation's floodplains. Mapping flood 
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hazards creates broad-based awareness of flood hazards, and provides the data needed for 
floodplain management programs and to actuarially rate new construction for flood insurance. 

Table 4.21 shows the dates each of the jurisdictions were identified with Flood Hazard Boundary 
Maps (FHBMs), when the first FIRM became effective, the date of the current FIRMS used for 
insurance purposes, and the date the community entered into the NFLP. 

I Community Name . . .., . i Identified 

Fairfax County 5/5/1970 3/5/1990 3/5/1990 1/7/1972 
Town of Herndon 6/14/1974 8/1/1979 8/1/1979 8/1/1979 

DFLRM Town of Vienna 8/2/1974 2/3/1982 2/3/1982 21311 982 
Town of Clijion 1 3/28/1975 1 5/2/1977 1 5/2/1977 1 

Loudoun County 1 4/25/1975 1 1/5/1978 1 7/5/2001 1 1/5/1978 ( 
I Town of Leesburg 1 8/3/1974 1 9/30/1982 1 7/5/2001 1 913011982 1 

T0w.n of Purcellville 1 711 1 1975 1 1 1/15! 1989 1 7/5/2001 1 11/15/1989 DFRM 
Town of Middleburg I - 1 7/5/2001 1 7/5/2001 1 713 112001 
Town ofRoundHiN 5/13/1977 7/5/2001 7151200 1 1/10/2006 

Prince William County 1/10/1976 12/1/1981 1/5/1995 12/1/1981 
Town of Dumfries 6/18/1976 5/15/1980 1/5/1995 5/15/1980 
Town of Haymarket 8/9/1974 1/17/1990 1/5/1995 113 111990 DFIRM 
Town of Occoquan 7/19/1974 9/1/1978 1/5/1995 9/1/1978 
Town of Quantico 11/1/1974 8/15/1978 1/5/1995 8/15/1978 

City of Alexandria 1 8/22/1969 1 8/22/1969 1 5/15/1991 1 5/8/1970 [ 4 3  
City of Fairfax 1 5/5/1970 1 12/23/1971 1 6/2/2006 1 12/17/1971 1 DFIRM 
City of Falls Church 9/6/1974 2/3/1982 711 612004 2/3/1982 DFIRM 
City of Manassas 513 1 11 974 11311 979 1/5/1995 1/3/1979 DFIRM 
City of Manassas Park 311 111977 9/29/1978 1/5/1995 9/29/1978 DFIRM 
ar of 7/6/2010 hllu://ww.lemo.wv/eQ/YA.hlml 

As of July 6, 2010, there was a total of 10,398 flood insurance policies in-force in the Northern 
Virginia region, accounting for 9.5% of the total policies in the Commonwealth. These policies 
amounted to more than $2.35 billion in total insurance coverage. Approximately 1,253 claims 
have been filed, accounting for $17 million in payments. Fairfax County and its towns make up 
more than 43% of the total claims payments. Table 4.22 shows the NFIP policy statistics for 
each of the participating jurisdictions of the Northern Virginia region. 
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County C144,938,600 $285,834 
Fairfax County 1 5,324 1 $1,211,797,500 501 1 $7,218,144 

Loudoun 
County 

Town of Purcellville I I1 $2,623,000 1 - - 
Town of Middleburg I - - - - 

I I Town of Dumfries 16 $3.965.1 00 1 6 $34,841 1 
Prince William Town of Haymarket I 2 $700,000 1 - 
County Town of Occoquan I 38 $12,124,6001 15 1 $56,912 - 1  o 
City of 
Alexandria 

-- 

city bf 7 01'Manassas Park 1 24 $5,579,400 ' 
Manassas Park 

NOVA TOTAL 1 10,398 1 $2,352,673,800 1,253 
VIRGINIA TOTAL 1 109,712 1 925,557,799,200 1 38,038 1 $548,242,841 1 

Source: h f @ : / h a . n p s a t . c o  7/6/2010 

Floodplain management regulations are the cornerstone of NFIP participation. Communities that 
participate in the NFIP are expected to adopt and enforce floodplain management regulations. 
These regulations apply to all types of floodplain development and ensure that development 

0 
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activities will not cause an increase in future flood damages. Buildings are required to be 
elevated at or above the BFE. 

FEU4 Repefrtive Flood Claims Progrom 
Requirement §20].6(~)(2)(ii): [The risk assessment] must also address National Flood 
Insurance Program (NFP) insured structures that have been repetitively damagedfooak.] 

The Repetitive Flood Claims (RFC) grant program was authorized by the Bunning-Bereuter- 
Blumenauer Flood Insurance Reform Act of 2004 (P.L. 108-264), which amended the National 
Flood Insurance Act of 1968 (42 U.S.C. 4001, et al). Currently up to $10 million is available 
annually for FEMA to provide RFC funds to help States and communities reduce flood damages 
to insured properties that have had one or more claims to the NFIP." 

Hepeti/rve Loss Properties 
A Repetitive Loss Property is a property that is insured under the NFIP and has filed two or more 
claims in excess of $1,000 each, within a 10-year period. Nationwide, repetitive loss properties 
constitute 2% of all NFIP insured properties, but are responsible for 40% of all NFIP claims. 
Mitigation for repetitive loss properties is a high priority for FEMA, and the areas in which these 
properties are located typically represent the most flood prone areas of a community. 

The identification of repetitive loss properties is an important element to conducting a local flood 
risk assessment, as the inherent characteristics of properties with multiple flood losses strongly 
suggest that they will be threatened by continual losses. Repetitive loss properties are also 
important to the NFIP, since structures that flood frequently put a strain on the National Flood 
Insurance Fund. Under the NFIP, FEMA defines a repetitive loss property as "any NFIP-insured 
property that, since 1978 and regardless of any change(s) of ownership during that period, has 
experienced: a) four or more paid flood losses; or b) two paid flood losses within a 10-year 
period that equal or exceed the current value of the insured property; or c) three or more paid 
losses that equal or exceed the current value of the insured property." A primary goal of FEMA 
is to reduce the number of structures that meet these criteria, whether through elevation, 
acquisition, relocation, or a flood-control project that lessens the potential for continual losses. 

According to FEMA, there are currently 63 repetitive loss properties within the Northem 
Virginia region. The specific addresses of the properties are maintained by FEMA, VDEM, and 
local jurisdictions, but are deliberately not included in this Plan as required by law." Over $5.2 
million has been paid in total repetitive losses (for 177 losses) for the Northern Virginia planning 
region. Table 4.23 shows the total number of properties, total number of losses experienced, and 
losses paid for all of the communities within the planning region, according to the VDEM. 

Prince William County accounts for almost 40% of the total repetitive loss payments, followed 
by the City of Alexandria (25%). Prince William and Loudoun counties both have one severe 
repetitive loss property. 
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B. Risk Assessment 

1. Probabili ty of Futu re  Occurrences  
Periodic flooding of lands adjacent to rivers, streams, and shorelines (land known as floodplain) 
is a natural occurrence that can be expected to take place based upon established recurrence 
intervals. The recurrence interval of a flood is defined as the average time interval, in years, 
expected between a flood event of a particular magnitude and an equal or larger flood. Flood 
magnitude increases with increasing recurrence interval. 

A 100-year flood is not a flood that occurs every 100 years. In fact, the 100-year flood has a 26 
percent chance of occurring during a 30-year period, the typical length of many mortgages. The 
100-year flood is a regulatory standard used by Federal agencies, States, and NFIP-participating 
communities to administer and enforce floodplain management programs. The 100-year flood is 
also used by the NFIP as the basis for insurance requirements nationwideI2. The main recurrence 
intervals used on the FIRMS are shown in the table below (Table 4.24). 

Table 4.24 Annual probability based on flood 
recurrence intervals. 

Flood Recurrence I Annual Chance 

Flooding remains a highly likely occurrence throughout the identified flood hazard areas of the 
Northern Virginia region. Smaller floods caused by heavy rains and inadequate drainage 
capacity in urbanized areas will be more kquent, but not as costly as the large-scale floods 
which may occur at much less frequent intervals. 

2. I m p a c t  & Vulnerability 
A number of factors contribute to the relative vulnerabilities of certain areas in the floodplain. 
Development, or the presence of people and property in the hazardous areas, is a critical factor in 
determining vulnerability to flooding. Additional factors that contribute to flood vulnerability 
range from specific characteristics of the floodplain to characteristics of the structures located 
within the floodplain. 

The following is a brief discussion of some of these factors and how they may relate to the 
Northern Virginia planning region. 

Flood depth: The greater the depth of flooding, the higher the potential for significant 
damages. 
Flood duration: The longer duration of time that floodwaters are in contact with building 
components, such as structural members, interior finishes, and mechanical equipment, the 
greater the potential for damage. 
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Velocity: Flowing water exerts forces on the structural members of a building, increasing 
the likelihood of significant damage. 
Elevation: The lowest possible point where floodwaters may enter a structure is the most 
significant factor contributing to its vulnerability to damage due to flooding. 
Construction Type: Certain types of construction are more resistant to the effects of 
floodwaters than others. Typically masonry buildings, constructed of brick or concrete 
blocks, are the most resistant to damages simply because masonry materials can be in 
contact with limited depths of flooding without sustaining significant damage. Wood 
fixme structures are more susceptible to damage because the construction materials used 
are easily damaged when inundated with water. 

3. Risk 
Riverine H A Z U S ~ ~  analysis was completed for the 2010 revision using the probabilistic and 
100-year scenarios. The below section summarizes the module and highlights the results and 
differences of the H A Z U S ~ ~  runs. The HAZUsMH runs are summarized in Appendix D5. 

H A Z U S ~ ~  MR4 is a regional multi-hazard loss estimation model that was devel ed by FEMA 
and the National Institute of Building Sciences. The primary purpose of -US3 is to provide 
methodology and software application to develop multi-hazard losses at a regional scale. The 
loss estimates are used primarily by local, State, and regional officials to plan and stimulate 
efforts to reduce risk from multi-hazards and prepare for emergency response and recovery". 

Potential loss estimates analyzed in H A Z U S ~ ~  include: 
= Physical damage to residential and commercial buildings, schools, essential facilities, and 

infrastructure; and 
Economic loss including lost jobs, business interruptions, repair and reconstruction costs. 

The -usMH Flood Model analyzes both riverine and coastal flood hazards. Flood hazard is 
defined by a relationship between depth of flooding and the annual chance of inundation to that 
depth. Probabilistic events are modeled by looking at the damage caused by an event that is 
likely to occur over a given period of time, known as a return period or recurrence interval. 
Hazard analysis of the 100-year return interval was performed in order to assess risk to essential 
facilities. 

Depth, duration, and velocity of water in the floodplain are the primary factors contributing to 
flood losses. Other hazards associated with flooding that contribute to flood losses include 
channel erosion and migration, sediment deposition, bridge scour and the impact of flood-born 
debris. The HAZUS~" Flood Model allows users to estimate flood losses due to flood velocity to 
the general building stock. The agricultural component will allow the user to estimate a range of 
losses to account for flood duration. The flood model does not estimate losses due to hi 
velocity flash floods at this time. Building stock exposure is discussed in detail in the HAZUS B 
MR4 building stock portion of the HIRA. 

The flood analysis for the HIRA was completed using the FEMA H A Z U S ~ ~  software for 
riverine flood hazards. This assessment has been completed for a Level 1 analysis with user- 
provided depth grids that were generated fiom the FEMA DFIRM and 43 data. 
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Loss estimation for this HAZUS~" module is based on specific input data. The first type of data 
includes square footage of buildings for specified types or population. The second type of data 
includes information on the local economy that is used in estimating losses. Table 4.25 displays 
the economic loss categories used to calculate annualized losses by H A Z U S ~ ~ .  Data for this 
analysis has been provided at the census block level. 

1 l l v r s  -,.La. L I f i U V L ,  U n l - l  rjC"I.V.".C ..,DO C..IC%"..rjI ...nu U C I C .  ."U"..I. - -- 1 Category I ~ncr ip? ;an  ~ ( D a t a  Input into 1 
i Model ! HAZUS o u t o  

~ ~ i l d i ~ ~  structural type and occupancy for replacement of damaged and 
each level of damage destroyed buildings I 

Contents 

Inventory 
I I 

Replacement value by occupancy 
Annual gross sales in $ per sq ft  

1 

Cost of damage to building contents 
Loss of building inventory as 
contents related to business activities 

Relocation expenses (for businesses 
and institutions) Relocation 

Income 

I I 

Annualized loss is one way to determine the maximum potential annual loss. This is useful for 
creating a common denominator by which different types of hazards can be compared. 
Annualized losses are the summation of losses over all return periods multiplied by the 
probability of occurrence. 

Rental costs per month per sq ft by 
ocmp,cy 

Rental costs per month per sq ft  by 

I I 

The probabilistic H A Z U S ~ ~  flood analysis predicts that the Northern Virginia region can expect, 
annually, $99,049,000 in damages due to flood events. Property or "capital stock" losses make 
up about $98,899,000 of the damages (99.8%). This includes the values for building, content, 
and inventory. Business interruption accounts for 0.2% of the annualized losses and includes 
income, rental, wage, and relocation costs. 

Income in $ per sq f? per month by 
occupancy 

Loss of rental income to building 
owners 

Wage 

Table 4.26 illustrates the expected annualized losses broken down by county and city. Fairfax 
County has the highest annualized loss, $47,214,000 accounting for 48% of the total annualized 
losses for Northern Virginia. The majority of the expected damages for all jurisdictions can be 
attributed to building and content value. The flood model incorporates NFIP entry dates to 
distinguish pre-FIRM and post-FIRM census blocks. The results provided in Tables 4.27 and 

P 4.28 are the total losses for the pre- and post-FIRM census blocks. 

Capital-related incomes losses as a 
measure of the loss of productivity, 
services, or sales 

Wages in $ per sq ft per month by 
occupancy 

Employee wage loss as described in 
income loss 
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The stream threshold used to delineate stream reaches included a 10 mi2 threshold. The stream 
threshold influenced a lack of stream delineation within two communities: the City of Fairfax 
and City of Falls Church. This does not mean streams or floodplains do not exist in these 
communities, however it does mean that the automated, GIs-based method used to defme a sub- 
watershed and the number of grid cells flowing through the community was less than the 10 mi2 
threshold. In order to try and compensate for the lack of data for these two communities, 
coupled with the need to quantify other flood-related loss estimates, additional flood model work 
was performed using the 100-year scenario. 
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lurisdiction Building Content 
- ~ -~ .- p~ 

Misc. Total Los! 

City of Manassas Park $1,000 $1,000 $0 $2,000 
Prince William County $4,232,000 $3,245,000 $58,000 $7,535,000 
Town of Dumfries $2 10,000 $239,000 $5,000 $454,000 
Town of Occoquan $220,000 1 $21 1,000 1 $3,000 1 $434,000 
Town of Quantico $16,000 1 $17,000 1 $0 1 $33,000 

Table 4.28. Annualized Building Loss Post-FIRM 
1 Content I I Jurisdiction ~ ~ i l ~ ~ ~  I .nss Misc /TolalLoss 

Arlington County $644,000 1 $596,000 ( $19,000 1 $1,259,000 

I Town of Quantico $0 I $0 1 $0 1 $0 I 

City of Alexandria 
City of Manassas 
City of Manassas Park 
Prince William County 
Town of Dumfries 
Town of Occoquan 

Figures 4.13 through 4.17 show the total annualized loss for the Northern Virginia planning 
region and individual counties. DFlRM and 4 3  maps may be found in Appendix D4. As seen on 
the figures, there are several areas within cities that have limited loss estimates calculated. This 
may be a result of several conditions, one of which is the default 10 square miles of drainage 
area may be too large of a threshold to define streams with H A Z U S ~ ~  and results in no stream 
networks being created for those areas. Future versions of this plan and mitigation actions may 
want to investigate using a smaller drainage threshold for analysis; for example, a one square 
mile drainage would be comparable to the FEMA D F W  maps. 

A DFIRM-based 1-%-annual-chance-flood or 100-year analysis was completed in order to assess 
risk for the Cities of Fairfax and Falls Church, as well as to provide information on impacts of 
the 100-year floodplain on critical facilities. The results of this analysis are shown in Table 4.29. 
Fairfax County accounts for over 60% of the losses from the 100-year scenario; $1.7 million in 
damages could be expected for the county. Prince William County could expect damages near a 
half million from to the 100-year scenario. 

$2,554,000 
$0 

$35,000 
$4,483,000 

$186,000 
$189,000 

$2,041,000 
$0 

$30,000 
$3,301,000 

$2 10,000 
$161,000 

$25,000 
$0 
$0 

$49,000 
$4,000 
$5,000 

$4,620,000 
$0 

$65,000 
$7,833,000 

$400,000 
$355,000 
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lood Model Arlington County Total Annualized Loss 

hlmmed loss rind(. ta th. 
a t * r o c F . H . X a d n d ~  
m W t ~ L b b d u e t 0 ~  

Total ~ ~ r a r  ~ d ~ n g ~ o . .  I ~ n d - k m l o s s k ~ ~ a  
1 Annualized. All Occu~anckr sbudun~ ~m~buctunl BUWM 

I 

Figure 4.14. Arlington County Total Annualized Loss based on H B Z U S ~  Flood Module. 
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Figure 4.15. Fairfax County Total Annualized Loss bas 
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P R I N C E  
W l L L l A h  
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Figure 4.16. Loudoun County Total Annualized Loss based on H A Z U S ~ ~  MR4 Flood Module. 

116 
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Total Direct Economk Building Loss 
Annualized, All Occupancies 
Total p r  Census Bkck 
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m- 
&ure 4.17. Prince ~ i l l i a m ~ o u n t ~  Total Annualized Loss based on HAZUS~" Flood Module. 
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Table 4.29 100-vear HAZUS DFIRM Simulation Building Loss 
-- -- .I ~ ~ - ,uri,innl : content lnv;ntory Relocation ~1 lnroms ? R e n t a i ~  Wage 

~ i 6 ; t  1 Total I nee I nrr ' I nee I nra 1 ne. I n e r  , I n n a  

City of Fairfax 
City of Falls Church 
City of Manassas 
City of Manassas Park 

Total 

$32,086 
$2,954 

$10,668 
$2,739 

$1 J 16 , 132 

$50,831 
$4,575 

$14,533 
$2,298 

$1 , 374 , 073 

$1,310 
$103 
$749 
$40 

$25,314 

$102 
$14 
$25 
$8 

$3,312 

$298 
$33 
$49 

$1 
$3,246 

$57 
$5 

$1 1 
$0 

$1,209 

$482 
$6 1 

$113 
$11 

$12,543 

$771 
$144 
$150 
$35 

$14 , 045 

$85,937 
$7,889 

$26,298 
$5,132 

$2,949,874 
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Criticul Facility Risk 
The vulnerability of each identified critical facility was assessed using GIs analysis by 
comparing the physical location with the extent of known hazard areas that can be spatially 
defmed through GIs technology. For the Northern Virginia region, this includes flood (100-year 
flood zones), landslides (areas of high or moderate incidencelsusceptibility), and wildfire (areas 
of high or moderate risk). For purposes of this vulnerability assessment, the other defined hazard 
areas are not deemed unique enough to make definitive vulnerability assessments for potentially 
at-risk buildings or facilities that differentiate them fkom other areas of the region (for example, 
the insignificant spatial differences in peak ground acceleration for the earthquake hazard). 

Of those critical facilities identified in the region, many were indeed determined to be in known 
hazard areas upon fiuther GIs analysis and thereby determined to be "potentially at-risk." 
Tables 4.30 - 4.32 summarize the number of potentially at-risk buildings or facilities in the 
region to flood by jurisdiction and facility type. These determinations are based solely on best 
available data for critical facility locations and delineable hazard areas for. The actual level of 
risk for each facility may only be determined by further on-site assessments. 

I ame 4.3~. NumDer 01 Local Lrtncal r a a ~ ~ n e s  rotenrlarry A[-KISK to c1ooa (LuIuplan analysts) 1 

Jurisdiction Fire Fire Nursing Hospital Homes I 
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~ab lc  4.31. Number of HAZUS"' Critical Facilities Potentially At-Risk to rrooa (LUIU 
plan analysis) 

Jurisdiction EOC Schools Police 
Fire Firc Nursing 

Station Dept. 
- 

Ci of Alexandria I 
- - -  - - -- 

'able 4.32. HAZUS Critical Facilities At-Risk to ~ l o o d  
2010 Plan Andysis) 

Jurisdiction I Total 

Samuel W. Tucker Elementary 1 

I City of Manassas 2 
George Cart Round Elementary 

St. Mary's Elementary School 

1 

Fairfax County 

1 

2 

Lees Comer (School) 
Loudoon County 

Aldie Volunteer Fire Department Inc. 

La Petite Academy 

1 
2 
1 

I Hutchison Farms Elementary 

1 

Browne Academy 

1 

1 
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14.32. HAZUS Critical F k to Flood 
(2010 Plan Analysis) - - 

.lurisdiction 7 .I'otal 

During the 2006 plan, no schools were determined to be at risk for flooding, based on available 
data. For the 2010 update, H A Z U S ~ ~  analysis revealed that eight schools, one fire and one 
police station could expect moderate damage from a 100-year flood scenario. These facilities are 
included in Table 4.32. 

Information for the HAZUS~" local critical facilities in the flood zones are available in the 
Critical Facility-Risk Appendix D2. 

The most vulnerable properties to flooding in the Northern Virginia region are located in SFHAs 
identified by FEMA through the completion of detailed Flood Insurance Studies. The DFIRMs 
depicting the SFHAs in Appendix D4 illustrate the location of these areas for each jurisdiction 
based upon the most up-to-date digital floodplain data as provided by the FEMA Map Service 
Center (h~:liwww.msc.fema.gov). Digital data was available for all of the localities within the 
Northern Virginia planning region. 

During the 2006 plan creation, the digital flood data was overlaid with local parcel data and used 
to perform a GIs-based risk assessment for critical facilities (summarized previously in this 
section) and for determining the exposure (number and value) of potentially at-risk structures. In 
order to further assess the Northern Virginia region's flood hazard vulnerability, a detailed GIS- 
based hazard assessment was completed for those jurisdictions that had submitted the necessary 
GIs data layers. This included digital flood data, tax parcel records (including year-built and 
assessed building value data) and building footprint data. With 100% of the requested data, it is 
possible to estimate total building exposure in the 100-year floodplain. Table 4.33 summarizes 
the results of the assessment by jurisdiction to the maximum extent possible based upon data 
availability. As can be seen in the table, exposure data is limited for certain jurisdictions. Total 
building exposure can only be calculated for the City of Alexandria ($459 million) and the City 
of Fairfax ($123 million). 
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Town of Hemdon 

Loudoun County 

Town ofLeesburg 

Town of Middleburg 

Town of Purcellville 

To supplement what was completed in 2006, H A Z U S ~ ~  flood scenarios were completed for the 
100-year and probabilistic scenario. The H A Z U S ~ ~  analysis and loss estimation is further 
described in the following sections. 

6,998 1 279 1 

Town of RoundHill 
Prince William 
County 

4,175 1 43 
Town of Vienna 

- 
- 
- 
- 

138,989 

5,964 1 323 1 - 
- 

- 

- 

6,852 

- 
82,519 

9,754 

574 

3,148 

6,224 1 135 

1,072 

266 

3 

26 
- 

. 

464 

141,579 

10 

2,314 
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P 
4. Overall Loss Estimates and Ranking 

The loss estimates and ranking results for the flood hazard in the Northern Virginia region is 
principally based on the results of the detailed GIs and H A Z U S ~ ~  analysis, NCDC storm events, 
the Commonwealth of Virginia's 2010 HIRA, and the 2006 analysis completed for this plan. 

Since 1993, the Northern Virginia region has been severely impacted by numerous instances of 
flooding. Based on the NCDC data for 439 flood events, there has been over $25,708,755 in 
property and $2,386,304 in crop total damages from 1993 through August 2009. To be able to 
determine annualized loss for the region, the total damages from NCDC were divided by the 
length of available record. Table 4.34 summarizes the total damages and annualized damages for 
each county and city in the planning region. At this time, town specific information is not 
recorded in the NCDC database. The county that the town resides in should be used as a 
reference point for estimated damages. Table 4.35 summarizes the annualized loss values from 
the Virginia State plan, which utilizes a general risk based on percent of census tracts located in 
the SFHA. Prior to this period of record, very little historical damage data exists for past flood 
events. 

~ . . . - - . - . . -- 

. ~ ~- 
Damages - ~~ -~ (1993 - 2009) . ~ 

~ . -. -~: > -- ~~~ .~ .- - . . . . . 
Annualized _I- - ,  . ,. V . , , ~  ~ t,,,,-.,,.7.. 

Manassas $0 $0 $0 $0 $0 $0 
Park 

Total $25,708,755 $2,386,304 $28,095,058 $1,512,280 $140,371 $1,652,650 
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- 

Table 4.35 ~ o m m o n G l t h  of Virginia's 1 2010 HMP flood r a n t  and annualized 

I losses 
Jurisdiction Annualized 1 (rank in Virginia HMP) 1 Loss 

Fairfax County (2) 
Prince William County (6) 
Loudoun County (8) 
Alexandria, City of (10) 
Fairfax, City of 
Arlington County 
Manassas, City of 
Falls Church, City of 

During the 2006 plan creation, annualized losses for flooding were estimated at $3,912,000 for 
the region. For the 2010 plan update, seven additional years of record were utilized to develop 
updated annualized loss estimates of $1,652,650 for NCDC data. The H A Z U S ~ ~  annualized loss 
for the region is over $99 million. Based on the 100-year flood H A Z U S ~ ~  scenario, the region 
could expect $2,949,874 in damages (impact to assets) from the 100-year flood. Table 4.36 
compared the different loss estimates and methodologies used to derive them. 

$7,505,247 
$3,069,348 
$2,157,842 
$1,997,414 
$420,03 1 
$308,235 
$212,413 
$112,540 

Manassas Park, City of 

Plnn 
Loss 

I 
Methodology e 

I . * . ...- ....- 

$41,588 

The Commonwealth of Virginia's 2010 hazard mitigation plan ranking was based on the NCDC 
database. The update to the Northern Virginia plan used this same framework to establish a 
common system for evaluating and ranking hazards. The geographic extent score for each 
jurisdiction is based on the percent of the jurisdiction that falls within the SFHA, as defmed by 
FEMA. Figure 4.18 shows the seven parameters that were used to calculate the overall risk of 
flooding for the Northern Virginia region. 

TOTAL 1 $15,824,658 
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Initially the entire region, except for the City of Fairfax, was ranked high, where the city 
received a medium-high ranking for flooding. This was found to be attributed to several of the 
ranking parameter scores (i.e., population vulnerability, damages, and geographic extent). 
However, based upon committee feedback, the City of Fairfax ranking parameters have been 
changed in the final plan to mirror that of Fairfax County. This is reflected in Figure 4.55 and the 
overall ranking map (Figure 4.61) at the end of the Risk Assessment. NCDC values contained 
within the tables have not been adjusted and reflect what was available in the database. 

According to the 2006 qualitative assessment performed using the PRI tool, the flood hazard 
scored a PRI value of 3.3 (from a scale of 0 to 4, with 4 being the highest risk level). Table 4.37 
summarizes the risk levels assigned to each PRI category. The updated ranking aligns 
appropriately with the 2006 rankings for both the qualitative and quantitative measures. 

Table 4.37 2006 Qualitative Assessment for Flood 

I I ' Spatial C\'arning 
Probability Impact I Extent Duration Time 

I I 
Risk Level I Highly Critical Moderate 6 to 12 hours Less than one 

Likely week 

According to the 2006 qualitative assessment performed using the PRI tool, the erosion hazard 
scored a PRI value of 1.9 ( h m  a scale of 0 to 4, with 4 being the highest risk level). Table 4.38 
summarizes the risk levels assigned to each PRI category. 

Table 4.31 or EI n 
Spatial \Varni~~g Probability Impact .-- &.~.. - : ~ ~ ~  ~ Duration 

Minor Negligible More than 24 More than one 
hours week 

The 2006 PRIassessment still is valid andsupports the updated ranking and loss estimates. 
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VI. Winter Storm (with extreme cold) 

NOTE: As part of the 2010 plan update, the Winter Storm hazard was reexamined and new 
analyses performed. This new analyses included, but was not limited to: 1) refreshing the hazard 
profile; 2) updating the previous occurrences; 3) determining the annualized number of hazard 
events and losses by jurisdiction using NCDC and other data sources where available; 4) 
updating the assessment of risk by jurisdiction based on new data; and 5) ranking of the hazard 
by jurisdiction using the methodology described in detail in Chapter 4 Section IV Ranking and 
Analysis Methodologies. In an attempt to make for a more cohesive analysis of winter related 
natural hazards, Extreme Cold was incorporated into the Winter Storm section for the 2010 plan 
update. Each section of the plan was also reformatted for improved clarity, and new maps and 
imagery, when available and appropriate, were inserted. 

A. Hazard Profile 

1. Description 
A winter storm can range from a moderate snow over a period of a few hours to blizzard 
conditions with blinding wind-driven snow that lasts for several days. Some winter stonns 
impact multi-State regions. Winter storms may be accompanied by low temperatures, ice, and 
heavy andlor blowing snow, which can severely impair visibility. 

Winter storms may include snow, sleet, freezing 
rain, or a mix of these wintry forms of 
precipitation. Sleet - raindrops that freeze into 
ice pellets before reaching the ground - usually 
bounce when hitting a surface and do not stick 
to objects; however, sleet can accumulate like 
snow and cause a hazard to motorists. Freezing 
rain is rain that falls onto a surface with a 
temperature below freezing, forming a daze of 

- 
rain falls and fteezes immediately upon impact. Feb'ua~, 2010 winter im~acfi NOVA 

Communications and power can be disrupted for 
days, and even small accumulations of ice may cause extreme hazards to motorists and 
pedestrians. 

A fieeze is weather marked by low temperatures, especially when below the fteezing point (zero 
degrees Celsius or 32 degrees Fahrenheit). Extreme cold can lead to hypothermia and hstbite, 
which are both serious medical conditions. House fues and carbon monoxide poisoning are also 
possible as people use supplemental heating devices (wood, kerosene, etc.) and fuel burning 
lanterns or candles for emergency lighting. 
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2. Geographic Location/Extent 
The Northern Virginia region is located in a part of the country that experiences hazardous 
winter weather conditions, including severe winter storms that bring heavy accumulations of 
snow, sleet, and freezing rain. On average, the region receives approximately 15 to 21 inches of 
snow annually. The region's biggest winter storms are typically associated with Nor'easters. 
During these events, winds around the storm's center can become intense, building waves that 
erode the Potomac shoreline and sometimes pile water inland causing extensive coastal flooding 
and severe erosion. These systems may also produce blinding snowfall that can accumulate to a 
foot or more or mixed precipitation that may leave a coating of ice. Other types of winter 
weather systems are more of a nuisance and generally do not cause major damage. Weather 
systems such as the "Alberta Clipper" (a fast moving storm f?om the Alberta, Canada region), or 
a cold h n t  sweeping through f?om the west, generally do not bring more than a few inches of 
snow in a narrow 50 to 60 mile-wide band. Figures 4.19 and 4.20 show the average number of 
days in Virginia with at least 3 and 6 inches of snowfall. 

3. Magnitude or Severity 
Since 1993, there have been 857 winter storm event reports recorded by the NCDC for the 
Northern Virginia region, causing an estimated $394,974 in annualized property damage. Most 
storm damages are attributable to traffic accidents and roof or other structural collapses. It is 
important to note that the considerable costs associated with lost wages and business 
opportunities, lowered productivity, and snow and ice removal are not factored into NCDC 
annualized losses due to winter storm events. 

The Northeast Snowfall Impact Scale (NESIS) developed by Paul Kocin and Louis Uccellini 
attempts to rank Northeast snowstorms based on the impacts these systems have on society. The 
scale is broken into five categories ranging from Category 1 which is considered a 'Wotable" 

0 
event, to a Category 5 which is considered "Extreme." The amount of snowfall for a particular 
storm and the population impacted are the factors used in assigning NESIS values. This scale is 
mentioned here as background information for the reader and is infrequently referenced by the 
media or the NWS in describing significant snowfall events. 

4. Previous Occurrences 
December 18-19,2009 
A storm system that formed over the Gulf of Mexico gathered strength as it tracked to a position 
off the Carolina coast and then along the Eastern Seaboard. Snow began over northern Virginia 
during the evening of Friday, December 18, and continued into much of the following day. The 
storm caused travel to ground to a halt as roads, railways, and runways became snow covered 
and in some cases impassable. The initial heavy, wet nature of the snow combined with winds 
that gusted to over 35 mph at times left thousands in the Mid-Atlantic without power. Ronald 
Reagan Washington National Airport recorded 15 inches of snow on December 19, for a two-day 
storm total of 16.4 inches. Slightly higher amounts fell just to the west and south with Dulles 
International Airport receiving 19.3 inches. 



Northern Virginia Hazard Mitigation Plan Update 

as fast as if can , be removed by Department 
of Tramporfafion crews. 

February 5-6.2010 
Record-breaking snowfall fell over Northern Virginia and much of the Mid-Atlantic. A storm 
system moving through the Midwest phased with another system moving across the South, 
growing more powerful off the Carolina coast. The system then tracked northeast and then east 
along the Mid-Atlantic coast before heading out to sea. Snow began during the afternoon hours 
of February 5 and continued into the early evening of February 6. Preliminary indications are 
that 32.4 inches fell over the two-day period at the NWS Forecast Ofice in Sterling, Virginia 
near Dulles International Airport, with 17.8 inches at Ronald Reagan Washington National 
Airport. Whether by air, rail, or roadway, travel became nearly impossible as winds gusting over 
35 mph whipped snow into drifts of up to four feet deep. This storm was the second paralyzing 
snowstorm of the season for what would turn out to be (according to preliminary NWS data) 
northern Virginia's snowiest winter on record. The storm was nicknamed "Snowpocalypse" and 
"Snowmageddon" by local media and others. The snow forced the shutdown of the Federal 
govemment for four and a half consecutive days. 

February 9-10,2010 
A dry, powdery snow accompanied by wind gusts of 40 to 50 mph caused white-out conditions 
across a considerable portion of northern Virginia, particularly on the morning of February 10. 
Snow drifts up to four feet high leftover from the storm of February 5-6 and up to a foot of 
additional accumulation from this storm brought travel in the area to a standstill once again. 
Conditions were so fierce that at 7am, the Virginia Department of Transportation ceased 
snowplow operations citing visibility of less than 100 feet at times. Total accumulations from 
this storm were greatest over the eastern and northern sections of the region where 10 to 14 
inches was common near the borders with the District of Columbia and Maryland. Lighter 
amounts of generally 5 to 9 inches fell over the rest of the region. 
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A majo; win&storm dumped 20 to 36 inches of snow in northern Virginia over thc four-day 
period, with a 24-how s n d  r d  of 16.7 inches set at Ronald Reagan Wasbgkm National 

R m r d - m  &ld settled in& nolvbem Virginia on this day as low tempalum -bed 1 
degree above zsro at Dulles International Aiiport. Temperatures fell to - I 0  F in LiawIn in 

deteriorating c o ~ o n s .  -In the heaviest band, snow was falling at a rate of two inches per hour, 
making it bvd for d sows  to keep up. Cam were &uck in snow and abandoned and soon 
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littered the roadways making plowing even more difficult and travel for others even more 
hazardous. Ronald Reagan Washington National Anport and Dulles International Airport were 
closed for most of the day. Loudoun County alone reported 53 vehicle accidents and 18 injuries. 
For those schools that did not close, 24 school buses got stuck on rural routes. At least 200 
abandoned, damaged, or stuck vehicles had to be towed off Interstates 95 and 66. Fairfax 
County reported 500 disabled vehicles and 30 injuries in just six hours. 

April 10,1997 (Extreme Cold) 
A record cold arctic air mass overspread the Northern Virginia piedmont and the Shenandoah 
Valley over night on the 9th and I Oth, dropping temperatures into the upper teens to lower 20s 
across the entire area. These temperatures arrived on the heels of an above normal winter 
season, especially pronounced in late March, when peach and apple blossoms reached critical 
bloom stage up to 2 weeks ahead of schedule. This accelerated growth led to high kill 
percentages across the region, with estimates showing at least a 70 to 90 percent kill of the peach 
crop, and similar kills among the Red Delicious apple crop. 

January 6-1 3, 1996 
On the morning of January 6th, much of Virginia and the Washington, DC, area was buried 
under two feet of snow. Many rural and some residential areas did not see a snow plow for five 
days. The Federal government remained shut down for four days. Many local governments and 
businesses were also closed. Schools announced their closure for the entire week and some were 
closed longer. A second storm struck on Friday, January 12th dumping another two to six 
inches. Snowfall totals across the region ranged from 19 inches in Prince William County to 35 r' inches in Loudoun County. 

February 2-3 and February 16, 1996 
A continuing series of Alberta clippers followed by strong nor'easters struck the region. The 
storm on February 2nd and 3rd dropped 6 to 10 inches of snow. On the 16th, a nor'easter moved 
up the coast dumping an additional six to 12 inches of snow. 

March 13-14, 1993 
The "Superstom of March '93" was also known as "The Storm of the Century" for the eastern 
United States, due to its large area of impact, reaching all the way from Florida and Alabama 
through New England. The stonn was blamed for some 200 deaths and cost approximately 
2 billion dollars to repair damages and remove snow. In a large swath from Alabama to New 
England, it dropped over a foot of snow. As the storm's center crossed Virginia, weather stations 
recorded their lowest pressure ever. It brought heavy snow and blizzard conditions over portions 
of the region, and some roofs collapsed under the weight of the snow. 

February 18-19. 1979 
"The Presidents Day Storm" was considered the worst storm in 57 years to strike Northern 
Virginia. Snow depths i7om the storm accumulated up to 20 inches. At times, snow was falling 
two to three inches per hour and temperatures were in the single digits to teens. Huge tractors 
and other farm machinery had been driven to the Mall in Washington, DC, to protest for higher 
agricultural pricing. When the storm hit, the farmers used their equipment to help locals dig out 

P 



Northern Virginia Hazard Mitigation Plan Update 

of nearly two feet of snow. Four deaths were attributed to heart attacks from stress due to 
overexertion during and after the storm, and 18 injuries occurred from falls on ice. 

February 15-1 6 and March 20-21, 1958: 
Over 14 inches of snow fell in Northern Virginia in mid-February. Transportation was 
paralyzed, and two deaths were amibuted to the storm. Another nor'easter struck on March 21st, 
dropping 10 to 15 inches across the region. 

8. Risk Assessment 

1. Probability of Future Occurrences 
The probability of future winter weather events is usually determined based on an examination of 
the historical hquency of occurrence of such events. The NCDC Storm Events database 
contains winter weather events and damages dating back to 1993, but it does not systematically 
document the magnitude or intensity of each event. Long-term weather station observation data 
provides more detailed information on event magnitude (as measured by snowfall depth, 
precipitation types, and temperature), but does not provide any information regarding historical 
impacts. 

Rather than relying solely on existing climatology information, independent analyses of weather 
station data were performed for the Commonwealth of Virginia Emergency Operations Plan to 
estimate the probability of specific winter weather occurrenc~s. 

Using daily weather station data involves decisions about which weather stations to include in 
the analysis and how to handle any gaps in the data record. In deciding which weather stations 
to use, the location, period of record, and data variables reported are the key considerations. 
Virginia stations with substantially complete data from 1960 through 2000 were chosen for the 
Virginia Hazard Mitigation Plan analysis. Small intemptions or gaps exist in these stations' 
data records, which may indicate periods when the station was not operational. Entire years with 
no data were removed from consideration when conducting the analyses in this report, but 
smaller data gaps were ignored. As a result, the statistics generated from this data may slightly 
underestimate the frequency or intensity of winter weather phenomena. Future plan updates 
might consider more involved techniques, which could potentially improve this area of the 
analysis. 

As part of the analysis for the State plan, weather station data was downloaded from the NCDC 
archives.14 A selection of cooperative weather stations operating between 1960 and 2000 was 
loaded into a Microsoft Access database in order to determine the annual frequency of 
occurrence of certain conditions. The daily station data variables relevant to this investigation 
include 24-how snowfall depth, minimum temperature, and daily weather type codes. 

The NCDC archives, and specifically the Daily Surface Data records (DS3200 / 3210 1 3205 / 
3206), provide data in comma-delimited text files, which must be transformed in order to create 
a database table as a single daily record. This transformation was accomplished using a macro 
written with Visual Basic for Applications in Access. This macro converts the data from its 
original format, with all days of a month in one record, to a format containing only one day per 
record. With the daily data thus transformed, a second macro calculated and reported the annual 
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frequency of occurrence for user-specified conditions. In this instance, the probability that a 
given year would contain at least three days with three inches of snowfall was examined. 

Figures 4.18 and 4.19 are a selection of results from CGIT analysis of the daily snowfall and 
temperature weather station data from the Virginia Hazard Mitigation Plan. These figures 
illustrate a general trend towards more frequent and more intense winter weather at higher 
elevations and at higher latitudes. In these figures, the station-specific statistics have been used 
as the basis for a seamless statewide estimate based on multiple linear regressions between the 
weather statistics (dependent variable) and elevation and latitude (independent variables). The 
analysis shows that the average number of days with at least three inches of snowfall varies flom 
three to seven days in western portions of Loudoun County, to two to three days throughout the 
remainder of Northern Virginia. The average number of days with at least six inches of snowfall 
was between one and 1.5 over western sections of Loudoun County and generally one day or 
fewer in the remainder of Northern Virginia. 

Based on this analysis and the historical record, winter storms will remain a highly likely 
occurrence for the entire Northern Virginia region. If history continues to hold hue, western 
sections of Loudoun County can expect a slightly higher likelihood of experiencing 
accumulating snowfall relative to the remainder of Northern Virginia. 

Long range climate modeling suggests that as the planet warms, a trend of more winter 
precipitation taking the form of liquid precipitation, rather than snowfall would result." Future 
hazard mitigation plan updates might consider factoring the latest climate science as part of a 

(? quantitative method for determining the probability of future occurrence of wintry weather. 
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2. Impact & Vulnerability 
Winter storm vulnerability can be thought of in terms of individual, property, and societal 
elements. For example, the exposure of individuals to extreme cold, falling on ice-covered 
walkways, and automobile accidents is heightened during winter weather events. Property 
damage due to winter storms includes damage done by and to trees, water pipe breakage, 
structural failure due to snow loads, and injury to livestock and other animals. The disruption of 
utilities and transportation systems, as well as lost business and decreased productivity are 
vulnerabilities of society as a whole. The vulnerability to these damages varies in large part due 
to specific factors; for example, proactive measures such as regular tree maintenance and utility 
system winterization can minimize property vulnerability. Localities accustomed to winter 
weather events are typically more prepared to deal with them and therefore less vulnerable than 
localities that rarely experience winter weather. 

The impacts of winter storms are primarily quantified in terms of the fmancial cost associated 
with preparing for, response during, and recovering from them. The primary source of data 
providing some measurement of winter storm impacts is the NCDC Storm Events database. The 
database includes winter event data back to 1993, but is not necessarily complete or consistent 
h m  event to event. Although a more comprehensive, labor-intensive analysis consisting of 
using weather station data, NCDC damages, and other data sources could possibly produce an 
intensity-damage relationship between winter weather occurrences and resultant damages, this 
type of analysis was not performed for the update of this or the State Plan. The branches of 
government most often affected by winter storms include the Virginia Department of 
Transportation and local public works and transportation departments. Roadway treatment 
operations often begin in advance of a winter storm, and continue for as long as necessary. 

3. Risk 
Risk, as defined as probability multiplied by impact, cannot be hlly estimated for winter storms 
due to the lack of intensity-damage models for this hazard. Instead, estimates of the fmancial 
impacts of winter storms can be developed based on NCDC winter weather event data that runs 
from 1993 to November 2009. Examination of NCDC data shows that there were 857 winter 
weather events in the database, producing an estimated annual loss of $394,977 (See Table 4.39). 
The data indicates that Fairfax County reported the highest annualized property and crop losses 
due to winter storms at $60,537. 
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I Table 4.39 Annualized Property and Crop 
Loss Due to Winter Storms 

Winter Storms I 

The winter weather frequency data from the Commonwealth shows a strong trend toward more 
winter weather occurring in areas at higher latitudes and at higher elevations. The mountainous 
western portion of the State and the northern portions of the State, including Northern Virginia, 
experience winter weather more often and with greater severity than other portions of Virginia. 
While the magnitude of damages from winter storms are perhaps not typically as great as 
experienced in association with extreme flooding or a severe earthquake, winter storms occur 
much more frequently and usually over broader areas. In addition, storm events with relatively 
low intensity can nevertheless cause significant impacts, especially in areas unaccustomed to 
such events. 

Losses associated with winter storms are typically related to snow removal and business 
intermption, although power failure is also a significant secondary hazard commonly associated 
with winter storms, and particularly ice events. In addition to the impacts on transportation, 
power transmission, and communications, severe winter storms in the Northern Virginia region 
have at times cause severe property damage due to roof collapses. According to FEMA, most 
injuries and fatalities related to winter storms are caused by vehicle accidents and hypothermia. 
The entire Northern Virginia region is generally equally susceptible to winter storms, and has 
experienced similar numbers of events and levels of damage. Due to higher residential and 
commercial densities, Arlington and Fairfax counties may be more severely impacted by winter 
storms in terms of intermption to services (transportation, communication, etc.), but aren't 
considered significantly more vulnerable. 

Crilictrl ficilit~, Kirk 
Quantitative assessment of critical facilities for winter storm risk was not feasible for this update. 

p Even so, it is apparent that transportation structures are at greater risk from winter storms. In 
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addition, building construction type - particularly roof span and construction method, are factors 
that determine the ability of a building to perform under severe stress weights from snow. 
Finally, not all critical facilities have redundant power sources and may not even be wired to 
accept a generator for auxiliary heat. Future plan updates should consider including a more 
comprehensive examination of critical facility vulnerability to winter storms. 

Exisring Buildings and Infi-astrucrure Risk 
Risk to existing buildmgs and infrastructure is largely determined by buildmg construction type 
-particularly roof span and construction method. Both are factors that determine the ability of a 
building to perform under severe stress weights from snow. 

Overull Loss Esfrmares and Ranking 
During the 2006 plan creation, annualized loss for winter storms was estimated at $109,000 for 
the region. For the 2010 plan update, seven additional years of NCDC storm events data were 
utilized to develop updated annualized loss estimates of $394,977. 

The Commonwealth of Virginia's 2010 HIRA ranking was based largely on the NCDC storm 
events database. The update to the Northern Virginia plan used this same framework to establish 
a common system for evaluating and ranking hazards. In determining a score and ranking for 
winter storm, the geographic extent score for each jurisdiction is based on the analysis of the 
average annual number of days receiving at least three inches of snow (Figure 4.18), calculated 
as an area weighted average for each jurisdiction. The methodology for the scoring and ranking 
of hazards is described in detail in the Risk Assessment and Methodology section. Based on this 
methodology, all of Northern Virginia is considered at 'High' risk for winter storms (see Figure 
4.21). It should also be noted that the overall rankings for Winter Weather have been altered to 
reflect MAC feedback for the Cities of Fairfax and Manassas Park. Based solely on the ranking 
parameter data, these two cities received slightly lower scores as compared to the rest of the 
region. According to the qualitative assessment performed for the 2006 Plan raking using the 
PRI tool, the winter storm hazard scored a PRI value of 3.0 (fkom a scale of 0 to 4, with 4 being 
the highest risk level). Table 4.40 summarizes the risk levels assigned to each PRI category. 

Probabilitv 1 Impact ma I Duration ( warning 

The 2006 PRI assessment still is valid and supports the updated ranking and loss estimates. 
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V I I .  High Wind/Severe Storms 
(Including thunderstorms and hurricanes) 

NOTE: As part of the 2010 plan update, the High Wind / Severe Storm hazards were reexamined 
and a new analysis performed. This new analysis included, but was not limited to: 1) r e M i g  
the hazard profiles; 2) updating the previous occurrences; 3) determining annualized number of 
hazard events and losses by jurisdiction using NCDC and other data sources where available; 4) 
updating the assessment of risk by jurisdiction based on new data; and 5) ranking of the hazard 
by jurisdiction using the methodology described in detail in Chapter 4, Section IV Ranking and 
Analysis Methodologies. Each section of the plan was also reformatted for improved clarity and 
new maps and imagery, when available and appropriate, were inserted. 

A. Hazard Profile 

1. Description 
Wind is the motion of air past a given point caused by a difference in pressure from one place to 
another. Wind poses a threat to Northern Virginia in many forms, including that produced by 
severe thunderstorms and tropical weather systems. The effects can include blowing debris, 
intemptions in elevated power and communications utilities, and intensified effects of winter 
weather. Harm to people and animals as well as damage to property and infrastructure may 
result. 

8. Severe Thunderstorms 
According to the NWS, more than 100,000 thunderstorms occur each year in the US., though 
only about 10% of these storms are classified as "severe." A thunderstorm with wind gusts in 
excess of 58 miles per hour (50 knots) andlor hail with a diameter of 314" or more is classified as 
a "severe thunderstorm." Although thunderstorms generally affect a small area, they are very 
dangerous because of their ability to generate 
tornadoes, hail, strong winds, flash flooding, and 
lightning. While thunderstorms can occur in all 
regions of the United States, they are most 
common in the central and southern States because 
atmospheric conditions in those regions are most 
ideal for generating these powefil storms. 

Thunderstorms are caused when air masses of 
varying temperatures and moisture content meet. 
Rapidly rising warm moist air serves as the II I "engine" for thunderstorms. These storms can ,u -..,.- -.--- ,..- .- -loud 
occur singularly, in lines, or in clusters. They can lightning strikes observed during a nightlime 
move through an area very quickly or linger for thunderstorm (Photo c0urt-y of NOAA Photo 

several hours. Ltbrary. NOAA Central Library; OAR/ERW 
National Severe Storms hborotory) 

Lightning is a discharge of electrical energy resulting from the buildup of positive and negative 
charges within a thunderstorm, creating a "bolt" when the buildup of charges becomes strong 
enough. This flash of light usually occurs within the clouds or between the clouds and the 
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ground. A bolt of lightning can reach temperatures approaching 50,000 degrees Fahrenheit. r Lightning rapidly heats the sky as it flashes, but the surrounding air cools following the bolt. 
This rapid heating and cooling of the surrounding air causes thunder. On average, 89 people are 
killed each year by lightning strikes in the United States. 

1. Geographic Location/Extent 
Although most frequent in the Southeast and parts of the Midwest, thunderstorms are a relatively 
common occurrence across Northern Virginia and have been known to occur in all calendar 
months. The NWS collected data for thunderstorm days, number and duration of thunder events, 
and lightning strike density for the 30-year period from 1948 to 1977. The analysis of this data 
determined that on average, 50 to 60 thunderstorm events occur annually in Northern Virginia. 
No one portion of Northern Virginia is deemed to be more likely to experience thunderstorms 
than another portion of the region. 

Figure 4.22 illustrates thunderstorm hazard severity based on the annual average number of 
thunder events from 1948 to 1977. 

Figure 4.22. Annual Average Number of Thunder Events 
Source: Federal Emergency Management Agency 

2. Magnitude or Severity 
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Straight-line winds, which in extreme cases have the potential to cause wind gusts that exceed 
100 miles per hour, are responsible for most thunderstorm wind damage. One type of straight- 0 
line wind, the downburst, can cause damage equivalent to a strong tornado and can be extremely 
dangerous to aviation. Figure 4.23 shows how the frequency and strength of extreme 
windstorms vary across the United States. The map was produced by FEMA and is based on 40 
years of tornado history and over 100 years of hurricane history. Zone IV, the darkest area on 
the map, has experienced both the greatest number of tornadoes and the strongest tornadoes. As 
shown by the map key, wind speeds in Zone IV can be as high as 250 MPH. 

Figure 4.23. Wind Zones in the United States 
Source: Federal Emergency Management Agency 
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Hailstorms are another potential damaging 
outgrowth of severe thunderstorms. Figure 4.24 
shows significant hail events occurring between 
1955 and 2009. Early in the developmental stages 
of a hailstorm, ice crystals form within a low- 
pressure front due to the rapid rising of warm air 
into the upper atmosphere and the subsequent 
cooling of the air mass. Frozen droplets gradually 
accumulate on the ice crystals until, having 
develo~ed sufficient weipht. thev fall as - .  
preciphation - as balls or irregukrly shaped me "" co"ecrs On sneers grass mrnng a 

severe thunderstom. Larger stones appear to be 
masses of ice greater than 0.75 in. (1.91 cm) in nearly two lo three inches in diameter, (NoAA 
diameter. The size of hailstones is a direct function photo ~ i b ~ ~ ~ .  NOM cenpal ~ib, .~, . , , :  , , 
of the size and severity of the storm. High velocity O A R / E R L / N ~ ~ ~ ~ ; ; ~ I  severe Stonns Laboratory) 
updraft winds are required to keep hail in 
suspension in thunderclouds. The strength of the updraft is a function of the intensity of heating 
at the Earth's surface. Higher temperature gradients relative to elevation above the surface result 
in increased suspension time and hailstone size. Figure 4.25 shows the annual hquency of 
hailstorms in the United States. 
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Figure 4.25. Annual Frequency of Hailstorms in the United States 
Source: Federal Emergency Management Agency 

In addition to high winds and hail associated with these events, thunderstorms can also bring 
dangerous lightning that can cause fires, property damage, and death or serious injury to 
humans. According to NWS statistics, an average of 58 deaths per year occur in the U.S. due to 
lightning (based on 1979-2008 data). 

3. Previous Occurrences 
August 5,2010 
Thunderstorm outflow winds of between 70 and 90 mph tore through parts of Northern Virginia 
knocking down hundreds of trees and power lines and causing extensive damage to homes, 
businesses, and vehicles. The mid-aftemoon storms hit Arlington and Alexandria particularly 
hard and resulted in the closure of major roadways including the George Washington Parkway 
near Slaters Lane, and the loss of power to thousands of residents for several days. Damage 
from the storms also halted Metrorail service at Alexandria's King Street station for a time. 

July 25,2010 
Severe thunderstorms raked the area during the late afternoon producing damaging winds in 
excess of 60 mph that brought down trees and power lines. Torrential rainfall caused flash 

p flooding of low-lying and poorly drained areas. A large tree shuck and killed a child in Claude 
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Moore Park near Sterling Park in Loudoun County. Numerous trees were also downed in 
Leesburg. A roof collapsed on a parking garage near Reston where wind gusts were estimated at 
75 mph. 

June 4,2008 
A p o w d l  line of storms raced across the region producing damaging winds over a wide swatch 
of Northern Virginia. Winds gusted to 59 mph at Dulles International Airport, 64 mph at Fort 
Belvoir Davison Army Airfield, and 61 mph at Stone Hill Middle School in Brambleton. 
Extensive tree and power line damage resulted throughout the area, including downed trees 
across the George Washington Parkway. Washington Metro rail service was stopped for a time 
between the East and West Falls Church stations because of downed wires. 

May 25,2004 
Severe storms impacted Northern Virginia with large hail, damaging winds, and at least one 
tornado. A tornado touched down briefly as hail to the size of golf balls pounded parts of 
Loudoun County near Lovettmille. The hail lasted long enough to cover the ground. Large hail 
was also reported with storms in the cities of Fairfax, Alexandria, and Falls Church. 

August 3, 2002 
Numerous thunderstorms with bigh winds, large hail, frequent lightning, and heavy downpours 
moved through the region during the afternoon and evening hours. In Fairfax, a spotter reported 
a wind gust in excess of 50 miles per hour. In Prince William County, nearly $2 million in 
damage was reported in the Manassas area (a wind gust of 67 miles per hour was recorded at the 
Manassas Airport). The high winds downed numerous trees in Manassas and Manassas Park. In 
addition, dime to quarter sized hail fell in Manassas and Manassas Park for over 20 minutes, 
resulting in extensive roof, siding, and vehicle damage. Very heavy downpours also caused 
minor flooding on streets. An observer in Manassas Park reported a total of 5% inches of rainfall 
in only 90 minutes. 

August 7,2000 
Scattered thunderstorms developed across northeast Virginia during the hot and humid afternoon 
and evening hours, causing nearly hundreds of trees to be downed onto homes, roads, cars, and 
power lines across the region. These thunderstorms produced winds in excess of 55 miles per 
hour, large hail, fiequent lightning, and heavy rainfall. Over 70,000 customers lost power across 
Northern Virginia as a direct result of the storms. 

April 23, 1999 
A line of thunderstorms developed in West Virginia during the early afternoon and moved 
rapidly southeast across Northern Virginia. These storms produced bigh winds and very large 
hail across the region, causing significant damage to cars and structures. Loudoun County bore 
the brunt of the storm, where up to baseball-sized hail broke store windows and damaged several 
vehicles in Middleburg. Prince William County suffered damage from hail between 1 and 1% 
inches in diameter, resulting in damage to cars, roofs, and siding. Much of Fairfax County also 
received significant damage, with hail up to 2% inches in diameter. Reportedly hundreds of cars 
were dented, several windows and skylights were broken, trees and bushes were stripped of their 
leaves, siding and shutters were damaged, and roof shingles were chipped. 
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September 6,1996 
Gusty winds in excess of 40 miles per hour, combined with soft soil from previous rainfall, 
caused scattered tree damage across much of the region. In Fairfax County, a motorist died 
when his car slammed into a fallen tree. Tree damage was also noted in Arlington and Prince 
William County. Virginia Power estimated 38,300 customers were without power in Northern 
Virginia mainly due to the high winds; however, there were likely more than 50,000 customers 
without power after accounting for rural electric cooperatives. 

October 21, 1995 
A cold front which produced flash flooding during the late evening of the October 20 induced 
thunderstorms east of the mountains. One lightning strike hit a fast food restaurant in Fairfax 
County, setting it ablaze and destroying it. Damage was estimated to be at least $300,000. 

April 12, 1994 
Lightning started several house fires in Fairfax County. One house fire caused $400,000 in 
damage, while another one caused $200,000 damage. 

July 20,1975 
Sixteen people were struck and injured by a lightning strike while picnicking in Amandale 
(Fairfax County). 

C. Risk Assessment 

1. Probability of Future Occurrences 
Since thunderstorms are difficult to predict, it is extremely difficult to determine probability of 
future occurrence with any degree of accuracy. It can, however, with considerable confidence, 
based on historical record, be projected that Northern Virginia will continue to experience severe 
thunderstorms. Based on analysis of previous events in the NCDC database, it appears that those 
events causing injury, death or damage have occurred on a seemingly random basis with no 
particular portion of Northern Virginia more likely to experience them than any other. 

Climate change is projected to increase the frequency and intensity of extreme weather events, 
including severe thunderstorms. Using global climate models and a high-resolution regional 
climate model, one study that investigated the link between severe thunderstorms and global 
warming found a net increase in the number of days with environmental conditions that foster 
the development of severe thunderstorms. This was true for much of the U.S., including 
northern Virginia. l6 

2. Impact 81 Vulnerability 
The Northem Virginia region faces uniform susceptibility to the effects of severe thunderstorms, 
including high winds, lightning, and hail. 

Similar to hunicane and tropical storm force-winds, the most at-risk buildings to thunderstorm 
winds are assumed to include manufactured homes and older residential structures (see 

p discussion under Hurricanes and Tropical Storms). Another great concern for the Northern 
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Virginia region with regard to thundemtorm winds is damage to electric power lines which 
regularly cause power outages for residents and businesses across the area. During past events, 
thunderstorm winds have downed trees across power lines, snapped utility poles and even blown 
down transformers resulting in widespread outages. Downed power lines create a dangerous 
threat to public s w *  while difficult to quantify, long-term power outages can result in 
significant hardship for residents and major economic impacts for local businesses. 

Lightning presents a significant threat to human safety and has historically caused injuries and 
death in the Northern Virginia region. Lightning has also been known to cause structural fires 
that can destroy property and present W e r  lifelsafety issues. According to the Virginia State 
Climatology Office, most lipbtning related deaths and injuries in Virginia have been males 
between the ages of 20 and 40 years old who were caught outdoors on golf courses, ball fields, 
near  pen water or under trees. 

Hail, while not a major threat to human safety, can be extremely destructive to crops and 
personal property @articularly vehicles, as well as roofs, siding, and windows of buildings). 
Most hail damage recorded for the Northem Virginia region has been in FairEw and Loudoun 
counties, though all areas are considered to be equally at risk. 

3. Risk 
Risk, as defined as probability multiplied by impact, capnot be l l l y  estimated for dama&g 
thunderstorm wind, hail, and lightning events due to the lack of intensity-damage models for 
aese M s .  Instead, financial impacts of damapg thunderstorm events can be developed 
based on NCDC Storm Events data. Using this data, property and crop damage adjusted for 
idation related to thunderstorm wind, hail, and lightning events totaled nearly 364.9 million or 
$309,649 on an annualized basis. 

Critical Faciliiy Risk 
Quantitative assessment ofcritical facilities for thunderstorm wind risk was not feasible for this 
update. Even so, the type and age of construction plays a role in vulnerability of facilities to 
thunderstorm winds. Ingeneral, concrete, brick, anddsteel-ftamed s t r u m s  tend to fare better in 
thunderstorm wind events than older. wood-framed structures. Pintillv. it is h r t a n t  to note that 
not all critical faoilides have redundant power s o w  and may ndt.even b; wired to accept a 
generator. Future planupdates should consider including a more comprehensive examination of 
critical facility vulnerability to thunderstorm winds. 

Existing Buildings and Infrmmdcfure Risk 
Risk to existing buildings and inhstructure is largely determined by building construction type. 
As explained in Critical Facility Risk, concrete, brick, and steel-Wed s t r u m s  tend to k e  
better in thunderstorm wind events than older, wood-hed  structures. 

OvemJt Loss Estirnute~ and Ranking 
During the 2006 plan creation, annualized loss for thunderstorms was estimated at $1,100,000 
for the region For the 2010 plan update, thunderstorm wind, hail, and lightning events have 
produced a total of approximately $64.9 million in property and crop damage in Northem 
Virginia since 1951. (See Table 4.41) The highest loss estimates for any jurisdiction in Northern 
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Virginia for these hazards have occurred in Fairfax County where the NCDC records indicate a 
total of $38.8 million or approximately $168,888 annually in property and crop damages. 

Table 4.41 Loss Estimates Due to Thunderstorm Wind, Hail and Lightning 
- 

Thunderstorms (Wind, Hail, Lightning Events) 

The NCDC database does not include any damages for the City of Manassas Park for 
p thunderstorm wind, hail, or lightning events. Even so, it is likely that some damaging events in 

the city went unreported and the loss figures here underrepresent this reality. 

Although a separate ranking was not made for severe thunderstorms, historical damage due to 
thunderstorm wind gusts is included in the 2010 ranking assessment for high wind below. The 
high wind hazard incorporates both thunderstorm and hunicaneltropical storm winds along with 
non-thunderstorm related damaging wind events. According to the 2006 qualitative assessment 
performed using the PRI tool; the severe thunderstorm hazard scored a PRI value of 2.7 (from a 
scale of 0 to 4, with 4 being the highest risk level). Table 4.42 summarizes the risk levels 
assigned to each PRl category. 

Risk Level 1 

)le 4.42 2UU6 Qualitative Assessment tor Severe 'l'hunderstorms 

Probability Impact Spatial Warning 
Extent Time ---- Duration I 

nLglIIy Limited Small U S S  ULdU 0 U S S  lIlilU 0 

Likely hours hours 

The 2006 PRI assessment still is valid and supports the updated ranking and loss estimates. 

D. Hurricanes and Tropical Storms 
Hurricanes and tropical storms, as well as nor'easters and typhoons, are classified as cyclones 
and defmed as a closed circulation developing around a low-pressure center in which the winds 
rotate counter-clockwise in the Northern Hemisphere (or clockwise in the Southern Hemisphere) 
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and whose diameter averages 10 to 30 miles across. A tropical cyclone refers to any such 
circulation that develops over tropical waters. Tropical cyclones act as a "safety-valve," limiting 
the continued build-up of heat and energy in tropical regions by maintaining the atmospheric 
heat and moisture balance between the tropics and the pole-ward latitudes. The primary 
damaging forces associated with these storms are high-level sustained winds, heavy 
precipitation, and tornadoes. Coastal areas are also vulnerable to the additional forces of storm 
surge, wind-driven waves, and tidal flooding which can be more destructive than cyclone wind. 

The key energy source for a tropical cyclone is the release of latent heat fiom the condensation 
of wann water. Their formation requires a low-pressure disturbance, warm sea surface 
temperature, rotational force created by the earth's rotation, and the absence of significant wind 
shear in the lowest 50,000 feet of the atmosphere. The majority of hurricanes and tropical storms 
form in the Atlantic Ocean, Caribbean Sea, or Gulf of Mexico during the official Atlantic 
hurricane season, which encompasses the months of June through November. The peak of k 
Atlantic hurricane season is in early to mid-September and the average number of storms that 
reach hunicane intensity per year in this basin is about six. 

1. Geographic Location/Extent 
Although the Northern Virginia region rarely experiences the wrath of a direct land falling 
hunicane, it is located in an area quite susceptible to the remnants of such storms. This includes 
the perils of hurricane and tropical storm force winds, heavy rains, and significant storm surge 
and tidal flooding. These events can be extremely dangerous and costly across a large 
geographic area, as was learned during Hunicane Isabel in 2003 when the region suffered 
approximately $32 million in damages (nearly $2 billion statewide). 

Figure 4.25 shows the probability of a named tropical stonn or hurricane affecting any single 
area during a June to November Atlantic hurricane season. The figure was created by the 
NOAA's Hurricane Research Division using data from 1944 to 1999 and counting hits when a 
storm or hurricane was witbin approximately 100 miles (165 km) of each location. 
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Figure 4.25 Empirical Probability of a Named Storm 
Source: Nalional Oceanic and Atmosphmic Administrafion, Humcane Research Division 

2. Magnitude or Severity 
As an incipient hurricane develops, barometric pressure (measured in Millibars or inches) at its 
center falls and winds increase. If the atmospheric and oceanic conditions are favorable, it can 
intensify into a tropical depression. When maximum sustained winds reach or exceed 39 miles 
per hour, the system is designated a tropical storm, given a name, and is closely monitored by the 
National Hurricane Center in Miami, Florida. When sustained winds reach or exceed 74 miles 
per hour the storm is deemed a humcane. Hurricane intensity is fuaher classified by the Saffir- 
Simpson Scale (see Table 4.43), which rates hunicane intensity on a scale of 1 to 5, with 5 being 
the most intense. 

Table 4.43 Saffir-Sim son Scale 
~ - 1 ~  - + 

I Maximum Sustained Minimum Surface 1 Wind Speed (MPH) 1 Pressure (Millibars) 
- - - r - 1 7- 7-1 Greater than 980 

Source: National Hurricane Center 

4 
5 155+ Less than 920 1 131-155 9 6 9 2 0  
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The Saffir-Simpson Scale categorizes hurricane intensity based upon maximum sustained winds 
and barometric pressure which are combined to estimate potential damage. Categories 3,4, and 
5 are classified as "major" hurricanes, and while hurricanes within this range comprise only 20% 
of total tropical cyclone landfalls, they cause 70% of the damage in the United States. Table 
4.44 describes expected damage per hurricane category. 
- - - 

Table 4.44 Hurricane Damage Classification 

:ategory 1 Damage Level I Description I 
No real damage to building structures. Damage primarily to 

1 MINIMAL unanchored mobile homes, shrubbery, and trees. Also, some coastal 
I flooding and minor pier damage. 

I I 

Some roofmg material, door, and window damage. Considerable 
2 MODERATE damage to vegetation, mobile homes, etc. Flooding damages piers 

and small craft in unprotected moorings may break their moorings. 
I I 

I Some structural damage to small residences and utility buildings, 
with a minor amount of curtain wall failures. Mobile homes are 

3 EXTENSIVE destroyed Flooding near the coast destroys smaller structures with 
larger structures damaged by floating debris. Terrain may be flooded 
well inland. 
More extensive curtain wall failures with some complete roof 

4 EXTREME stnrcture failure on small residences. Maior erosion of beach areas. 
1 Terrain may be flooded well inland. 

" 

I Complete roof failure on many residences and industrial buildings. 
some complete building failures with small utility buildings blown 

5 CATASTROPHIC over or away. Flooding causes major damage to lower floors of all 
structures near the shoreline. Massive evacuation of residential areas 

1 may be required. 
Sowce: NationaI Hurricane Cenier 

A storm surge is a large dome of water often 50 to 100 miles wide and rising anywhere from four 
to five feet in a Category 1 hurricane, up to 20 h t  or more in a Category 5 storm. The storm 
surge arrives ahead of the storm's eye making landfall and the more intense the hurricane is, the 
sooner the surge arrives. Water rise can be very rapid, posing a serious threat to those who have 
not yet evacuated flood prone areas. A storm surge is a wave that has outrun its generating 
source and become a long period swell. The surge is highest in the right-front quadrant of the 
direction in which the hurricane is moving. As the storm approaches shore, the greatest storm 
surge will be to the north of the hunicane eye. Such a surge and associated breaking waves can 
be devastating to coastal regions, causing severe beach erosion and property damage along the 
immediate coast. 

Storm surge heights, and associated waves, are dependent upon the shape of the continental shelf 
(narrow or wide) and the depth of the ocean bottom (bathymetry). A narrow shelf, or one that 
drops steeply h m  the shoreline and subsequently produces deep water close to the shoreline, 
tends to produce a lower surge but higher and more powefil storm waves. Figure 4.26 shows 
the modeled storm surge zones for the Commonwealth of Virginia. As shown, portions of Prince 
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William, Fairfax, and Arlington counties, as well as the City of Alexandria are located within the 
category 1 storm surge zones. Damage during hurricanes may also result fiom spawned 
tornadoes and inland flooding associated with heavy rainfall that usually accompanies these 
storms. Hurricane Floyd, as an example, was at one time a Category 4 hurricane racing towards 
the North Carolina coast. As far inland as Raleigh, the State capital located more than 100 miles 
from the coast, communities were preparing for extremely damaging winds exceeding 100 miles 
per hour. However, Floyd made landfall as a Category 2 hurricane and will be remembered for 
causing the worst inland flooding disaster in North Carolina's history. Rainfall amounts were as 
high as 20 inches in certain locales and 67 counties sustained damages. 

Similar to hurricanes, nor'easters are ocean storms capable of causing substantial damage to 
coastal areas in the Eastern United States due to their associated strong winds and heavy surf. 
Nor'easters are named for the winds that blow in firom the northeast. These storms track up the 
East Coast along the Gulf Stream, a band of warm water that lies off the Atlantic coast. They are 
caused by the interaction of the jet stream with horizontal temperature gradients and generally 
occur during the fall and winter months when moisture and cold air are plentiful. 

Nor'easters are known for dumping heavy amounts of rain and snow, producing hurricane-force 
winds, and creating high surfs that cause severe beach erosion and coastal flooding. There are 
two main components to a nor'easter: (1) a Gulf Stream low-pressure system (counter-clockwise 
winds) generated off the southeastern U.S. coast, gathering warm air and moisture fiom the 
Atlantic, and pulled up the East Coast generating strong northeasterly winds along the western 
forward quadrant of the storm; and (2) an Arctic high-pressure system (clockwise winds) which 

p meets the low-pressure system with cold, arctic air blowing down 60m Canada. When the two 
systems collide, the moisture and cold air produce a mix of precipitation and have the potential 
for creating dangerously high winds and heavy seas. As the low-pressure system deepens, the 
intensity of the winds and waves will increase and cause serious damage to coastal areas as the 
storm moves northeast. Table 4.45 shows an intensity scale proposed for nor'easters that is based 
on levels of coastal degradation. 

I 1 (Weak) I Minorchannes I None No 1 

I 3 gignificant) 1 Emsion extends across I &&significant / 1  asso of many m c m s a t  I 
beach local level 

I - I I I 

2 (Moderate) 

I I 

Source: North Carolina Division ofEmergenq Management 

4 (Severe) 

5 (Extreme) 

Modest; mostly to lower 
hmrh 

Severe beach erosion and 
recession 

Extreme beach erosion 

Modest Minor 

Severe dune erosion 
or destruction 

Dunes destroyed over 
extensive meas 

No 

On low 
beaches 

Massive in 
sheea and 
channels 

Loss of structures at 
wmmunity-scale 

Extensive at regional-scale; 
millions of dollars 
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P 
3. Previous Occurrences 

Most hurricanes and tropical storms that have affected Virginia have originated in the Atlantic 
Ocean. Since 1851, there have been a total of 30 storms to come within 75 miles of the Northern 
Virginia region. Other notable storms, including hunicanes Floyd (1999), Fran (1996), and 
Agnes (1972) are discussed herein, but were beyond the 75 mile radius used for this analysis. A 
chosen distance of 75 miles was used for this analysis in order to focus on those storms that came 
through areas closest to the Northern Virginia region. However, the effects of large hurricanes 
and tropical storms may be felt up to 200 miles away from the center of circulation. Five of these 
storms were classified as hurricanes (including Isabel in 2003), and 25 as tropical storms as they 
impacted the region. These events are listed in Table 4.46 with a graphical depiction of 
historical hurricane tracks between 1851 and 2009 shown in Figure 4.27. 

Northern Virginia Region, 1851-2010 , Year Month Name IMPH) 
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Of these, eight storm tracks made direct paths through the region. This includes the "Gale of 
'78," a category 2 hurricane which is further described under Previous Occurrences. An 
additional 25 storm tracks for tropical depressions and extratropical systems came within 75 
miles of the region. 

Although some good narrative information has been gathered on the impacts of these events (see 
Previous Occurrences), data on estimated property damages cauld only be accessed through the 
NCDC since the mid 1990s. Table 4.47 summarizes estimated damage figures caused by 
hurricane and tropical storm events since 1993 as recorded by the NCDC. These events have 
amounted to more than $45 million in property damages, most of which i s  attributable to effects 
of storm surge and tidal flooding resulting h m  the storms. More detailed information on 
historical hurricane and tropical storm events can be obtained through the NCDC Storm Event 
database as refereaced on page three of this section. 

I 
l awe  4.4 I. nlsrorlcar nurrlcane ano 
Tropical Storm Damages in the Northern 

1 Virginia Region, 1993-2010 

Estimated Property Damage I 
I 1 oral I 

Source: NOAA, National Climatic Data Center 
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Significant Historicul Events 
September 6-7,2008 (Hanna) 
Tropical Storm Hama made landfall between North and South Carolina on September 6,2008, 
with maximum sustained winds of near 70 mph. The storm tracked north and then northeast 
through eastern Virginia, traveling just to the east of Northern Virginia through the Chesapeake 
Bay, before moving into the Northeast and New England. Slowly weakening, maximum 
sustained winds were between 40 and 50 mph at the time of the center's closest proximity to 
Northern Virginia Peak winds across Northern Virginia gusted to between 35 and 45 mph and 
the stonn produced rainfall amount of three to eight inches across the area. Weak or decaying 
trees were downed and flooding of low-lying areas was reported. 

September 1&19,2003 (Isabel) 
Hurricane Isabel made landfall on the North Carolina coast Its huge wind field was already 
piling water up into the southern Chesapeake Bay. By the time Isabel moved into central 
Virginia, it had weakened and was downgraded to a tropical storm. Isabel's eye tracked well 
west of the bay, but the storm's 40 to 60 mph sustained winds pushed a bulge of water northward 
up the bay and its tributaries producing a record storm surge. The Virginia western shore 
counties of the Chesapeake Bay and the tidal tributaries of the Potomac, Rappahamock, and 
other smaller rivers, experienced a storm surge which reached five to nine feet above normal 
tides. 

In Alexandria, the water level in Old Town reached 9.5 feet above sea level. Numerous 
businesses were flooded and the marinas were hard hit. Winds also knocked trees down around 
the city. Damages totaled $2 million. Stonn surge water flooded the employee parking lot of 
Ronald Reagan Washington National Airport. Arlington had two homes destroyed and 46 with 
major damage, while another 146 residences had minor damage. Costs of flooding and damage 
from falling trees were estimated at $2.5 million. In Fairfax County, 160 homes and 60 
condominiums were flooded in the Belleview area south of Alexandria. Over 2,000 units had 
minor to moderate damage from storm surge flooding. In addition, many trees fell causing 
additional property damage across the county. In the City of Fairfax, 15 homes had major 
damage from trees. Fairfax County damages came to $18 million. In Prince William County, 
seven homes were destroyed and 24 homes and three businesses had major damage. Scattwed 
trees and wires were down causing roads to be closed. The storm surge washed away 20 feet of 
embankment along the Potomac which caused one of the CSX tracks to collapse along the 
Cheny Hill Peninsula. Damages at Quantico Marine Base were significant. Quantico's weather 
station recorded a two minute sustained wind of 54 miles per hour with a peak gust of 78 miles 
per hour between 11 pm and Midnight on the 18th. Damages to the base included buildings, 
houses, and vehicles hit by fallen trees and flooding destroyed their marina. Total damages were 
reported to be $9.5 million. 

September 16, 1999 (Floyd) 
Hurricane Floyd made landfall just east of Cape Fear, North Carolina, in the early morning hours 
of the 16th and moved north-northeast across extreme southeast Virginia to near Ocean City, 
Maryland, by evening on the 16th. Trainbands on the outer edge of the hurricane began to affect 
Northern Virginia shortly &ex 8:00 AM on the 15th and continued to cross the area through 
afternoon on the 16th. Gusty winds of 30 to 50 miles per hour blew north and east of a line from 



Northern Virglnla Hazard Mitigatlon Plan Update 

P 
Spotsylvania County to Frederick County between l1:OOAM and midnight on the 16th. 
Hundreds of trees were downed from the combination of very heavy rain and strong winds. A 
total of two to five inches of rain fell in this area and 16,000 power outages were reported. 

In Prince William County, 17 trees came down on roads and power lines, and two homes were 
slightly damaged by fallen trees. In the Montclair area, 1,000 residents lost power. Some 
secondary roads were also flooded. A few trees were downed in the Manassas area. In Fairfax 
County, a 61 year old woman was killed when a tree fell onto her car and crushed it on Fair 
Lakes Drive. One business was destroyed by fallen trees and another in Falls Church was 
damaged. A 70-foot oak tree fell onto a home and tore a hole in the 2nd floor, shattering 
windows and tearing off rain gutters. The tree also damaged a detached garage and a swing set. 
The Mason Neck area saw several large trees downed, including a 100-foot poplar that put a hole 
through a bedroom of a two story home. Mt. Vernon and Vienna also reported several downed 
trees, including one which damaged a car. The County had to hire 16 tree trimming contractors 
to clear downed trees that blocked roadways. Flooding caused problems at seven major 
intersections and on 20 secondary roads. Winds and rain combined to topple 130 trees in 
Arlington County and Alexandria. One tree damaged a home and 4,500 power outages were 
reported. In Loudoun County, a handful of trees were downed and a road was blocked near Mt. 
Weather. Siding was also torn ffom a few homes. 

September 5, 1999 (Dennis) 
The remnants of Hurricane Dennis moved across the northern half of Virginia from midday on 
the 4th through midday on the 6th. Its legacy included very heavy rain and wind gusts in excess 

P of 45 miles per hour. The heaviest period of rain in the region occurred between 3:OOAM and 
8:OOAM on the 5th. The City of Alexandria along the tidal Potomac River reported minor 
problems with flooding. The storm surge from Hurricane Dennis along with persistent southeast 
winds made tide levels two to three feet above normal on the 5th and 6th. At high tide, portions 
of the city near the waterfront were invaded by water which subsided again with each low tide. 
The 100 block of King and Union Streets was flooded for a time on Sunday. River levels 
reached as high at 6.5 feet at the Wisconsin Avenue gauge during the early morning and late 
afternoon both days. 

September 6, 1996 (Fran) 
The rapid runoff produced by the heavy rains from Hurricane Fran caused substantial, damaging, 
and in some cases record river flooding across much of the Northern Viginia watershed from 
late on the 6th until early on the 10th. Flash flooding on the 6th rapidly became river flooding 
late on the 6th along the headwaters of the Potomac, Shenandoah, and Rappahannock River 
basins, and continued throughout the basins over the weekend and lnto early the following week. 
Crests at gauging points in these basins were similar to those in January 1996 across the Lower 
Main Stem of the Potomac. Levels were one to five feet higher across the Upper Main Stem 
Potomac and Rappahannock Rivers. The Shenandoah Basin had levels similar to the October 
1942 flood with three points reaching record levels (Lynnwood, Cootes Store, and Strasburg). 
There were numerous road closures, rescues, evacuations, washed out and damaged bridges, and 
culverts; the flood also produced major agricultural damage. Debris covered pasture and 
farmland, and filled small creeks and streams to levels higher than surroundiig roads, which 

P redirected the natural stream flow. River sand and mud covered streets and multiple levels of 



Northern Vlrglnla Hazard Mltlgatlon Plan Update 

homes and businesses. There were several electric and phone outages. Three deaths occurred in 
the northern half of Virginia due to flash flooding. 

The Old Town section of Alexandria also saw extensive tidal flooding h m  the Potomac River. 
Water was five feet deep in the lower portion of the city and many shops were flooded, some 
losing merchandise. Heavy rains and wind driven water exacerbated the tidal floodii problem. 
The wind driven storm surge reached over five feet above normal and came at about the same 
time as high tide, which was 4illPM at the Wiswnsin Avenue gage in Washington, DC. 
Because of Alexandria's orientation to the wind, water levels were likely a little higher. 
Washington National Airport in southern Arlington County also had damage with the river crest 
late Sunday into Monday morning. Flooding tore out security fence and flooded boat houses 
where rescue equipment is kept, while mud and debris had to be removed from the grounds. 

September 5,1979 (David) 
Hurricane David spawned eight tornadoes across Virginia Two cities and five wunties were hit 
from Norfolk in the southeast to Leesburg in the north. Because the tornadoes were associated 
with the spiral bands of a hunicane, they moved from the southeast to the northwest. In total 
there was one death and 19 injuries caused by the storm. Fairfax County had $2.5 million in 
damages. 

June 1972 (Agnes) 
Hunicane Agnes, in its tropical storm stage, caused torrential rains over Virginia and the Mid- 
Atlantic States. All rivers in Virginia were affected. Ten inches of rain fell over Northern 
Virginia resulting in widespread flash flooding and major flooding on the Potomac River. Lake 
Barcroft Dam in Fairfax County failed, but resulted in no loss of life. 

August 31,1952 (Able) 
Ths first hurricane of the season made landfall between Charleston and Savannah and moved 
north across Virginia and Washington, DC, in a weakened form. Rainfall was around two to 
three inches. It produced winds of 30 to 40 miles per hour with peak gusts to 60 miles per hour. 
Its greatest impact on Virginia was a small tornado (F2) that struck Franconia in Fairfax County. 
It traveled two miles and was around 100 yards wide. Property damage in the area was $500,000 
caused by flooding, the tornado, and falling trees and branches that disrupted power and 
telephone facilities. 

October 22-23.1878 (Gale of '78) 
The hurricane's eye made landfall at Cape Fear, NC and moved north across Richmond and 
Washington, DC, and seemed to lose little strength. The storm was thought to rmmble that of 
Hurricane Hazel in 1954. Winds downed trees and fences and unroofed homes, and very high 
tides occurred on the coast. Fields of corn were submerged in the ensuing flood around 
Washington, DC. Rock Creek became a raging river, but produced little damage. Many young 
shade trees in the area were leveled. Telegraph lines fell between Baltimore and New York. 
Flooding from the Potomac inundated many basements and county roads crossing the Stickfoot 
Branch of the Anacostia River were washed out. 
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E. Risk Assessment 

1. Probability of Future Occurrences 
Although not likely to experience a direct hit from a Category 4 or Category 5 hurricane, the 
Northern Virginia region remains susceptible to the effects fiom such storms making landfall 
along the Atlantic coast of the United States. According to H A Z U S ~ ~ ,  the Northern Virginia 
region should expect to see hurricane force winds (with peak gust wind speeds of up to 89 miles 
per hour) at least once every 50 years. The effects of tropical storms (sustained wind speeds of 
at least 39 miles per hour and torrential rains) will be more frequent, particularly from those 
storms making landfall M e r  south and proceeding up the Atlantic seaboard. 

2. Impact 81 Vulnerability 
Based on a range of long-term global climate models under P C C  warming scenarios, it is likely 
that hurricanes will become more intense, with stronger winds and heavier precipitation 
throughout the 21'' cenhuy. Using an ensemble-mean of 18 climate models, P C C  AlB 
emissions scenarioL7, and operational hunicane forecast models, one study1* showed a decrease 
in the total number of tropical storms and hurricanes, but an increase in the number of intense 
hurricanes, particularly Category 4 or 5 hurricanes. 

Historical evidence shows that the Northern Virginia region is vulnerable to damaging hurricane 
and tropical storms. For purposes of this assessment, vulnerability is quantified for hurricane 
and tropical storm-force winds (sustained winds of greater 39 miles per hour). For the most part, 
the Northern Virginia region faces a uniform susceptibility to hurricanes and tropical storm 

r' winds. Though historical data and computer models indicate that Fairfax County may on 
average face higher wind speeds than other areas, the difference in peak gusts is not deemed 
significant (less than 20 miles per hour). However, based on the higher amount of residential 
and commercial exposure, Fairfax and Arlington counties are considered to be more vulnerable 
to these winds. 

3. Risk 
The hurricane wind analysis for the HlRA was completed using HAZusMH. The model uses 
state of the art wind field models, calibrated and validated hurricane data. Wind speed has been 
calculated as a function of central pressure, translation speed, and surface roughness. This 
assessment has been completed for a level 1 analysis only. A level 1 analysis involves using the 
provided data with no local data inputs. This is an acceptable level of information for mitigation 
planning; future versions of this plan can be enhanced with level 2 and 3 analyses. Dollar values 
shown in this report should only be used to represent cost of large aggregations of building types. 
Highly detailed, building specific, loss estimations have not been completed for this analysis as 
they require additional local data inputs. Note that storm surge and waves have not been 
implemented in the present version of the Hurricane ~ o d e l ' ~ .  

Loss estimation for this =usMH module is based on specific input data. The first type of data 
includes square footage of buildings for specified types or population. The second type of data 
includes information on the local economy that is used in estimating losses. Table 4.48 displays 
the economic loss categories used to calculate annualized losses by H A Z U S ~ ~ .  

r' 



A M U ~  gross sales in %per sq ft 

Annualized loss is defined as the ex~ected value of loss in anv one vear. and is develo~ed bv . , 

aggregating the losses and exceedance probabilities for the lo-, 20-, 50-, loo-, 200-, 500-, and 
1000-year return periods. HAZUS~" estimates direct and indirect economic losses due to 
hurricane wind speeds that include: 

Damage to buildings and contents 
Economic loss (business interruptions) 
Social Impacts 

The following figures illustrate the 3-second peak wind gust speeds for the LOO- and 1000-year 
return periods. Wind speeds are based on estimated 3-second gusts in open terrain at 10 meters 
above ground at the centroid of each census track. Buildings that must be designed for a 100- 
year mean recurrence interval wind event include2': 

Buildings where more than 300 people congregate in one area 
Buildings that will be used for hurricane or other emergency shelter 

= Buildings housing a day care center with capacity greater than 150 occupants 
= Buildings designed for emergency preparedness, communication, or emergency operation 

center or response 
Buildings housing critical national defense hc t ions  
Buildings containing sufficient quantities of hazardous materials 

For Northern Virginia, H A Z U S ~ ~  wind gust data for the 1000-year and 100-year return period 
events (See Figures 4.28 and 4.29) indicate that the southeastern portions of Northern Virginia 
are generally more likely to experience the highest wind gusts in both scenarios. This 
corresponds to the strongest winds associated with hurricanes typically occurring in the stom's 
right front quadrant (relative to the direction of the storm's movement). For a 1000-year event, 
southeastern sections of both Fairfax and Prince William counties can expect to see gusts topping 
90 mph. Although slightly lower wind gusts are expected in this scenario in western Loudoun 
County and far western Prince William County, gusts may still exceed 80 mph in both locations. 
For a 100-year event, wind gusts of slightly greater than 70 mph may impinge on portions of 
Fairfax and Arlington counties, with gusts of between 50 and 70 mph expected elsewhere in 
Northern Virginia. 
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Figure 4.28. H A Z U S ~ ~  Peak Wind Gusts for 100-Year Event 
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Crilicul Faoli!~, Ri~k 
HAZUS~" estimates very minor expected damage to critical facilities for the different return 
periods. 

The expected loss of use for the 100-year event is less than one day. EOCs and hospitals 
for all the modeled return periods result in 100% functionality. 
Fire stations, for the 1000-year event will result in 95.59% functionality; Fairfax County 
and City will maintain 95.24% functionality of 42 fire stations, and Prince William 
County will maintain 88.89% of nine fire stations. 
Police stations, for the 500 and 1000-year event, will result in 97.50% functionality; 
Prince William County will maintain 88.89% functionality of nine police stations. 
Schools, for the 500-year event will result in 99.69% functionality; Fairfax County and 
City will maintain 99.70% functionality of 337 schools and Prince William County will 
maintain 99.70% of 115 schools. The 1000-year event will result in 93.87% functionality; 
Fairfax County and City will maintain 96.14% functionality of 337 schools and Prince 
William County will maintain 77.39% of 115 schools 

The H A Z U S ~ ~  model also estimates the number of households that are expected to be displaced 
from their homes due to the hurricane and the number of displaced people that will require 
accommodations in temporary public shelters. Based on the probabilistic analysis, one household 
in Arlington County would be displaced and seek shelter ftom a 200-year event, 40 households 
(10 in the City of Alexandria and 23 in Arlington County) would be displaced and seek shelter 
from a 500-year event and 182 households (3 1 in the City of Alexandria, 39 in Arlington County, 
31 in Fairfax County and City, three in the City of Manassas and 28 in Prince William County) 
would be displaced and seek shelter ftom a 1000-year event. 

Existing Bui1ding.s uncl' Infiasfiwcture Rlsk 
The most at-risk buildings to high wind events are assumed to include manufactured homes, 
along with residenhal structures that were built many years ago (due to probable deterioration 
and less stringent building code enforcement during original construction). 

MH . Table 4.49 summarizes the HAZUS Information for the Northern Virginia region. Residential 
buildings make up the majority of damages due to hurricane winds. The more frequent return 
periods result in fewer damages that fall within the moderate to destruction classifications. The 
500- and 100-year return periods result in severe damage and destruction to buildings in the 
Northern Virginia region. 
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H A Z U S ~ ~  estimates annualized hunicaneJtropical storm wind loss in Northern Virginia at 
approximately $4.8 million. In terms of annualized loss by jurisdiction, Fairfax County tops the 
list at approximately $2.5 million. See Table 4.50 for a complete breakdown of total annualized 
building loss by jurisdiction. 

In the case of a 100-year hurricane event, H A Z U S ~ ~  estimates the building loss for Northern 
Virginia to be approximately $53.3 million. Should the region experience a 1000-year hurricane 
event, the model estimates the building loss for the region would be approximately $807 million. 
Tables 4.51 and 4.52 provide a detailed summary of losses by jurisdiction. Figures 4.30 though 
4.32 depict the total direct economic building loss on an annualized basis, as well as for the 
1000-year and 100-year hurricane events by census tract. 
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Content Inventory Relocation Income Rental 
Loss I nr. 

City of Alexandria $387,234 $57,628 $427 $30,477 $4,701 

City of Fairfax $45,380 $5279 $98 $3,158 $73 1 

City of Falls Church $29,561 $3,820 $36 $2,127 $441 

City of Manassas $62,939 $6,288 $115 $3,899 $396 
City of Manassas 
Park $16,418 $1,395 $30 $903 $47 

Total $3,942,333 S430314 $3.918 $243,431 $27,563 



I ahlc 4.51. 100-Ycar I lurr icanc Building Lo\\ I)! .J~~ri\cliction 
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Model Total Annualized Losses 

Total Dlrect Ewnomk Buildlng 
Annualized, All Occupandes 
Total par Census Tract 

, <= s10,m 

N o w  
Total Dired E m m k  Bulldlng Lea 
ilcruder SvuaunL Non-Strudunl, I 
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100-Yr Event, All Occupancies 
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Figure 4.31. 100-Year Hurricane Model Total Direct Economic Building Loss 
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O~~erall Loss Es~iniatex und Ranking 
During the 2006 plan creation, annualized loss for hurricanes was estimated at $33,723,000 for 
the region. For the 2010 plan update as determined by H A Z U S ~ ~ ,  the annualized losses due to 
hunicanes in Northern Virginia totals approximately $4.8 million. The differences in these 
values is a result of the methodology used to total annualized loss; in 2006 H A Z U S ~ ~  was 
completed for the 50-, loo-, and 500-year events and the annualized loss is based on those 
events. The 2010 update uses the I-IAZIJSMH probabilistic hurricane scenario to compute loss 
which takes into the expected value of loss in any one year, and is developed by aggregating the 
losses and exceedance probabilities for the lo-, 20-, 50-, loo-, 200-, 500-, and 1000-year return 
periods. 

On an annual basis, property and crop losses in Northern Virginia due to high wind events 
average approximately $2.9 million (NCDC storm events data). Based on analysis of the 
historical data and on the high end of the scale, Prince William County experiences 
approximately $795,511 in property and crop damage annually, while the City of Manassas is 
not far behind with an estimated $694,402 per year in losses due to high wind (Table 4.53). 

I Table 4.53. Property and Crop Annualized 
Loss Due to High Wind - .- I 

High Wind 

C - 856 

I Yetrr:~ o/ Rccorlr': Annualized Property 
I955 - 2009 I and Crop Damage I 

The Commonwealth of Virginia's 2010 Hazard Mitigation Plan ranking was based largely on the 
NCDC database. The update to the Northern Virginia plan used this same Framework to establish 
a common system for evaluating and ranking hazards. In determining a score and ranking for 
high wind, the geographic extent score for each jurisdiction is based on the average maximum 
wind speed throughout the entire jurisdiction as determined through GIS analysis of H A Z U S ~ ~  
3-second Peak Wind Gusts. The high wind hazard ranking factors damaging wind events that 
include severe thunderstorms, hurricanes, and non-thunderstorm related wind events. 

Based on this analysis and available data, the high wind hazard is ranked as being "High" for all 
jurisdictions in Northern Virginia. Figure 4.32 shows each of the ranking criteria used to come 
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up with the overall ranking. It should also be noted that the overall rankings for high wind has 
been altered to reflect steering committee feedback for the Cities of Eai, and Manassas Park. 0 
Based solely on the ranking parameter data, these two cities received slightly lower scores as 
compared to the rest of the region. 

Although a separate ranking was not made for hurricanes, historical damage due to humcane 
wind is included in the 2010 ranking assessment for high wind below. The high wind hazard 
incorporates both thunderstorm wind and hurricane/tropical storm winds along with non- 
thunderstorm related wind damage. 

Refer to the Risk Assessment Methodology section of the HIRA for a full description of the 
methodology and the limitations of the data used for ranking the hazards. NCDC data, although 
somewhat limited, provides a comprehensive historical record of natural hazard events and 
damages. 

According to the 2006 qualitative assessment performed using the PRI tool, the hazard of 
hunicane and tropical storm-force winds scored a PRI value of 2.6 (on a scale of 0 to 4, with 4 
being the highest risk level). Table 4.54 summarizes the risk levels assigned to each PRI 
category. 

Hurricane and Tropical St -Force 
Winds 

Spatial Warning - .  . ..-. Duration ne 

The 2006 PRI msessment is valid and supports the updated ranking and loss estimates. 






































































