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EXECUTIVE SUMMARY

I ntroduction

Hurricanes along the East Coast of the United States are very destructive. A siorm
becomes a hurricane when it demondirates arotary circulation and reaches a constant
wind speed of 74 miles per hour. The strength of its winds can cause consderable
damage and they range in categories from | to V, with | being the weakest and V being
the strongest. Each category of hurricane has the potentid to cause different amounts of
damage to the Suffolk Digtrict of Virginia. Hurricane force winds can result in damage to
highways, which includes destruction of highway sgns, lights and sgnas.

Impairment of traffic-control equipment reduces the ability to transport people,
equipment, and resources needed for the restoration of infrastructure. Without signsto
direct travelers and lights to illuminate roads, highways can be confusing and dangerous.
Months or even years can pass before alocality can recover and return to its origind Stete
interms of traffic control equipment. The faster the highway infrastructure can be
recovered the sooner mohility in the Suffolk District can be restored. Furthermore, it can
cost the state enormoudly to recover from a hurricane. Even though government provides
federa aid through FEMA and FHWA for the recovery effort, these funds cannot be
solicited until the state has documented efforts in disaster recovery planning. A

systematic approach to repairing damaged roads after a hurricane must be established.

Potentidly, after a hurricane hits the Suffolk Didtrict of Virginia, the road systems may

be in complete disorder. There may be no systematic process to recover the signs, lights
and sgndson Virginiahighways. The god of this project isto improve the recovery of
the road systems after a hurricane by ng the risks, costs and benefits associated
with upgrading equipment, managing spare equipment and priority setting for recovery
efforts.

The report is divided into four main sections, each contributing to a hurricane recovery
plan for the Sgns, lights and sgnds in the Suffolk Didtrict. The four sections are as
shown in Figure ES-1:

Hurricane Recovery of Highway Signs, Lightsand Signals

Upgrading I nventory Priority Setting Useof Forecasting

Figure ES-1 Main Sections of the Final Report
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Part 1. Evaluation of Upgrading of Equipment

The firgt section involves condderation of strengthening aternatives. To characterize the
impact of hurricanes to equipment, a straightforward linear mode was developed to
asess the percentage of signsthat will be damaged in each category hurricane. As
shown in Fgure ES-2.

0.014 1

0.012

0.01

0.008 A1

0.006

0.004 1

0.002 1

Probability Density of Suffolk District
Equipment

0 50 100 150 200
Maximum Wind Speed (mph) experienced by equipment

Figure ES-2. Normal Distributions of Damage

Since hurricanes of different categories (1, 11, 111, 1V, and V) have different maximum
sugtained wind speeds, there are different normal density functions for hurricanes of each
category. Each of these functionsis defined by a mean and sandard deviation. To
caculate these two unknown parameters, the values for two percentiles are needed. The
percentiles chosen were the 5 and 90", The 5 percentile is the wind speed for which
5% of the installed equipment experiences less than that speed. According to the
assumptions, the 90 percentile is the maximum sustained wind speed of a hurricane and
the 51" percentileis five miles per hour.
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Fgure ES-3 shows the step in modeling and developing atool for deciding among
upgrading options. This processincludes graphical comparisons of options or
dternatives. The first two stepsin Figure ES-3 develop amodel for characterizing the
extent of damage to highway equipment for each category of hurricane. The amount of
damage is greater in amore severe hurricane, and it is necessary to develop away to
caculate the damage expected in ahurricane. Each type of equipment has a different
strength. There needs to be amode that predicts equipment damage in a hurricane of a
particular category given the strength and the amount of each equipment type.

Steps three through six develop away to evauate different upgrading dternatives. The
results of these steps help management to see clearly what the costs and expected
reduction in damage are for each dternative, and choose an dternative that suits its needs
and objectives.

1. Assumptions about fraction of
equipment that experiences certain wind

Speeds.
v

2. Choose distribution of wind speeds.
Assume two percentile points to define
digtribution.

3. List upgrading dternatives.

i

4. Data gathering of costs equipment classes, etc.

i

5. For each dternative, calculate damage by
using distribution and knowledge of
maximum wind speeds of equipment.

|

6. Graph trade-off charts: upgrading cost vs. %
damaged,upgrading cost vs. replacement cost

Figure ES-3. Processfor Modeling and Deciding among Upgrading Alter natives for

Lights, Signs, and Signals
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The firg section of this report also suggests factors that need to be considered and data
that can be gathered to model the costs of preparedness and recovery, including the cost
of upgrading, degree of upgrade, lifetime of equipment, cost of maintenance, wind speed,
and hurricane frequencies. Ladlly, the section suggests a graphica representation of Sign

upgrading dternatives that compares the cost of various Sign upgrades to the expected
damage from a given category storm.

10,000,000
9,000,000
8,000,000
7,000,000
6,000,000
5,000,000
4,000,000
3,000,000

Signs ($)

2,000,000
1,000,000
0

Retrofitting Cost for Cantilever

—|
1]

v
——v

0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,000
Replacement Cost for Damaged Cantilever Signs ($)

Figure ES-4. Trade-offs between Upgrading Cost and Replacement Cost for

Cantilever Signs

Fgure ES-4 demondtrates the trade between an up-front annud investment in upgrading

the wind- speed standard of a given equipment and the potentia replacement cost of

damaged equipment following a sorm event. The up-front investment can be likened to
an insurance premium, while the cogt in the aftermath depends on the level of storm that
occurs (I to V). Thefour policies represented in the figure are the no-upgrade, increase

current standards by 10, 20, and 40mph respectively, for cantilever signs. In the case

consdered in Figure ES-4, additiond investment has little impact for the aftermath of the
type | sorm. It has rdatively more impact for the occurrence of the type V storm (savings

of about $2 million) when comparing 40mph upgrade with no upgrade (however at an
annua cogt of $8,000,000). On cost done the investment is probably not judtified;

however, the upgrading of some smdler set of critica cantilever Sgns could nevertheless
be judtified for selected routes in the road network, if for example, the selected routes are

needed for immediate repair, recovery, return of evacuated populations.
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Part 2. Inventory

The second section develops a system of acquiring inventory needed for roadway
equipment by assessing the cost and potentia benefits of aternatives for spares of
damageable equipment. The dternatives include using contractors to make and deliver
ggnsor producing the Sgnsin-house. The factors needed to compare these dternatives
arethelevd of gn-materid inventory, level of new sgnsinventory, VDOT costs (to
make signs and keep in storage), contractor costs, implementation time, and externa
demandsfor sgn maerids. Aninitid sep isto estimate the number of Sgnsthat are
currently on the roads by counting the number of each sgn type on two sample roadways.
Using the extent of damage analysis developed in the firgt section, the number of signs
damaged in each hurricane type is cdculated. Using estimates for the cost of production
per square foot of duminum, the cost of duminum lost in each category of dormis
caculated. A fixed warehousing codt isincorporated with the mode! for atotal cost of
duminum sgn-materid lost. Using a contractor’ s estimate of the cost per square foot of
sgns purchased, the cost of contracting the replacement of the amount lost in each
category of sorm isaso caculated. It is suggested to compare different inventory level
policies based upon the costs of preparedness and the costs and the time to recovery in
the aftermath.
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The accomplishment of the objectives for the evaluation of policies for spares and
reserves involves the completion of the activities shown in Figure ES-5.

Current
Stuatior

Cost

Determine set of equipment
under consideration

i

Determine actud amount of
equipment currently on

roadways

Determine dternative
policies for spares

Determine the pre- hurricane
costs to obtain and store

spares

v

Determine cost of
replacement after spares have
been depleted (Cost Later)

!

Cdculae Time to Implement

Graph trade-off charts. cost
of sparesvs. cost of recovery
after spares have been

depleted

!

Graph trade-off charts. cost
of sparesvs. recovery time

Figure ES-5 Activitiesfor the Assessment of I nventory Policies
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When the pre-hurricane cost of spares and the post-hurricane cost of recovery are
calculated, the two can be compared for each aternative and hurricane type. The
associated trade-offs can be graphicaly represented as shown in Figure ES-6.

140

120
100 —e— Category |
80 —=— Category |l
—a— Category Il

60
— Category |\

40 —%— Category V

20

Annual Pre-Hurricane Cost
($1000)

0

| /:\ 1
0 100 200 300 400 500
Post-Hurricane Cost ($1000)

Figure ES-6. Pre-Hurricane Costsvs. Post-Hurricane Costsfor
Sparesand Alternatives

Each horizontd line in Figure ES-6 represents an inventory dternative. Each policy will
have the same pre-hurricane costs, but its post-hurricane costs will differ according to the
hurricane category. The five curves on the graph represent the different hurricane
categories. The graph shows how much it may cost later for the possible hurricane types
if VDOT wereto invest a certain amount of money into storing spares now. The
graphica anadlyssis meant to dlow the agency decision-makers to make at-a-glance
comparisons of the costs and benefits of the available policies.
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Part 3. Priority Setting

The third section develops a methodology for establishing priorities for the order of full
recovery of road segments. The modd that was developed in this section is based upon
the accessihility of critica facilities from a partidly recovered road network. The model
establishes aranking of the road segments for recovery that dlows the quickest re-
connection of critica facilities. The number of critical facilities that are accessed through
that intersection determines the importance of an intersection (highway interchange).
Firg anetwork of intersections and roads connecting the intersections under
congderation is defined.

Figure ES-7 isamap of the Suffolk Didtrict. The hurricane recovery plan is currently
applied to the Suffolk Didtrict of Virginia but can be adapted to the rest of the Sate

e
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Figure ES-7. Sample Map of the Suffolk District

The mgor critica facilities considered in the Suffolk Digtrict (only military bases,
hospitals, fire/rescue stations, and others) are identified and added to the map in order to
determine the number of critical facilities accessble by each intersection. A sample of
the map of the critica fadlitiesis shown in Figure ES-8.

A connectivity messurement is then calculated using a combinatorial formula The
ordering of intersections is determined by two methods that maximize the connectivity of
criticd fadilities. Thus producing a method for priority setting when restoring road
segmentsin the Suffolk Didrict.
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Figure ES-8. Critical FacilitiesMap
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There are many dients (criticd facilities) that are involved in priority-setting. Figure ES-
9 shows how clients are divided into Six different categories: Hedlth, Safety, Education,

Food, Alternative Trangportation, and Government Operations.

Critical Facilities

Hedth Safety Education Food Alternative Government
Transportation Operations
Emergency Police Schools Grocery Schools Jls
Services Stores
Hospitals Structural School Food School Courts
Safety Transportation || Delivery to Transportation
Stores
Electrical Post Office
Hedlth .
Supply Wires Restaurants
Ddlivery
Return City Hal
Routes
Water and
Sewage
Plants ——
Fire Fighters VDOT
Military
Ingtallations
Public Work
Centers

Figure ES-9. Classfication of Critical Facilitiesto Aid

in Setting Recovery Priority
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The tasks shown in Figure ES-10 are completed in order to implement the priority
Setting.

Cresate the map of the Suffolk
Didrict

v
Break Suffolk Didtrict into sections

\ 4
| dentifv intersections on the map

\ 4
Identify critical facilities on the map

\ 4
Enter intersections and facilities into spreadshest

\ 4

Create road segment
Spreadsheet

\ 4
Perform base score caculatior

v
Perform connectivity score
cdculdion

v

Rank intersections

v

Sengtivity andyss

Figure ES-10. Flow Chart of Activities Needed to Complete Priority-Setting
Alternatives.
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Part 4. Use of Forecasting

The fourth section, planning for operation using forecasts uses higtorical datato
determine the potentia impact of hurricanes on agiven year. The historical data of land-
faling hurricanes provided by the Nationa Hurricane Center (NHC) provides key
information on trike probabilitiesfor aregion. The model incorporates the probability
that agiven type of sorm will be theworst to strike aregion in elther ahigh or low
forecast season. The decision-maker is able to compare investment in reserves of the
equipment with the potentia times of recovery following a sorm in a multi-objective
framework.

To improve decisions for managing reserves, the agency should have the forecast and
cost information. Long-term and short-term decison-making with regard to reserves
involves congdering numerous modds and criteria To what extent should the agency
maintain its spares? What are appropriate production and storage capacities? There are
various trade- offs that have to be consdered. VDOT has to determine whether it should
pay now (preparation cost) or pay later (cost to recover). Another trade-off that can be
asessed in the decison mode is the preparation cost versus the recovery time.

A decision tree gives ideas on how to plan for the long-term and the short-term, capturing
the sequence of decisions. The sequentia forecast modd utilizes historical data to
evauate different policies by incorporating the probabilities of atype of sorm (1, 11, 111,
IV, or V) being the worst storm to strike aregion given ahigh or low hurricane season.
Themodd described in this section is caled * planning for operation.” *Planning for
operation’ decisions are made on the basis of long climatologica records.

Figure ES-11 illugtrates the “ Planning for Operation” decison model.
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Stage 1 °

Storage/
production
capacity

P/Lowj

Forecast

Stage 2
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Level of reserves

Storm
severity

Figure ES-11: Sequential Decision-Making Modd, “ Planning for Operation”
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Figure ES-12 illustrates a trade-off comparison of the preparation costs versus. the post-
hurricane costs of recovery. The results shown in Figure ES-12 were attained from the
production and ingtdlation rates, potential damage, seasona forecasts and the historica
information provided for Virginia
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Figure ES-12. Pre-Hurricane Preparation Cost ($) Versus Cost to Recover ($) for
Virginia

Trade-offs can be examined to establish the preferred policies. A comparison can be
meade of investing dmost $50,000 in pre-hurricane preparation costs, and $34,200 in
post- hurricane costs versus investing $25,000 in pre-hurricane costs and $36,000 in post-
hurricane costs. The highway agency can determine whether to invest moreinitidly,

rather than spending more funds to recover later. Therefore, changes in production or
ingtallation cagpabilities such as the increasing the number of crews would decrease the
time to recover which in turn would change the results attained in Figures ES-12.

38,000
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Recommendations

The following are the main recommendetions to the highway agency:

Notice the problem: Hurricanes can cause region-wide damage to traffic equipment
Congder four remedies:

1. upgrading equipment

2. keeping an inventory of spares and reserves of highway equipment on hand,

3. priority setting of roads for recovery

4. use of seasond forecasts to determine the levels of reserve equipment
Digtinguish between short and long-term recovery efforts. Short-term efforts involve
temporary replacements while long-term efforts have permanent replacements.
Evauate different upgrading or spares policies by assessing the cost before a
hurricane strikes and the damage, cost, and recovery time after a hurricane.

Adapt spares and reserves to hurricane- center and other seasona forecadts.
Perform impact analys's using the various sorm categories

Consder the trade-offs between investing in spares and/or upgrading, and the times
and costs of recovery

Adopt the models for estimating the costs and effectiveness of upgrading and spares
policies

Consider upgrading only of routes critical to a community’ s well-being in ahurricane
Use probability distributions of wind speeds for different categories of sormsto
model hurricane impact on equipment

Consder critica facilities throughout the road network in setting priorities for
recovery, usng accesshility to the critical facilities as a measurement of the
importance of restoring a damaged road

Consder the following categories of critica facilities. hedth, safety, educetion, food,
dternaive transportation, and governmental operations

Maintain aweb Site for support of recovery of Sgns, sgnds, and lights. Thisweb
Ste may be adapted in the future to evaluate and prepare for the damage caused by
other disasters.
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