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Executive Summary

hundred additional simulationswere run to ensure RtePM ran erroffree and to testthe sensitivity
of different variables and scenarios

The Transportation Analysissummarizes the assumptions evacuation scenarios, anévacuation
clearance time results including scenarios with New York Gty (NYC)evacuees andgcenarios in NJ
with contraflow operations. The results from the NJHESRe-Study do not supersede and do not
dictate any changes to the existing New York State or New York City Hurricane Evacuation
Sudies . The RtePM simulationsonly updated the clearance timeresults for the NJHESRe-Study.

Seventeen Ndountiesare affected by storm surgeand arepart of the NJHESRe-Study. The counties
were divided into the northern and southern regions. A new behavioralsurvey andanalysis were

conductedafter Hurricane Sandyusing surge zonegi.e., hurricane intensity). USACE releaseche

New Jersey Hurricane Evacuation Behavioral SurvéiJ HEBSPata Reportin 2017. Thedata from

the 2017 NJ HEBS$eport was usedas a basido determine the evacuation participation ratesand

other behavioral factors. The evacuation participation rateswere then used todetermine the total

evacuating population for the Transportation Analysis senarios. Three categories of ratesvere

used:

1. Evacuation participation rate applied to the populationwho residein the surge zone,
2. Evacuation participation rate applied to the populationwho reside in the evacuation zone,

3. 100% evacuation participation rate applied to the populationwho residein the evacuation
zone.

Evacuation scenarios were developedo model evacuation in RtePM The three categories of
evacuationparticipation rates were applied to the populations in the study area to determin¢he
number of people participating inan evacuation.Table ES1 summarizes the ranges in clearance
times for the NJHES ReStudy.Appendix D summarizesthe inputs and results forthe evacuation
scenarios.

Table ES'1 Range of Clearance Times by Evacuation Participation Rate

EvacuationParticipation  EvacuationParticipation 100%Evacuation
RateApplied to Rate Applied to Participation Rate

Population within Population within Applied to Population
SurgeZone Evacuation Zone within Evacuation Zone
(LeastConservative) (Most Gonservative)

All CoastalCountieg 31-41 hours 37-46 hours 4959 hours
19-28 hours 19-28 hours 24-42 hours
2541 hours 28-46 hours 3552 hours

Several dozen evacuation scenarios evaluated the impact ofontraflow operations (i.e., lane
reversals). Improvements to evacuation clearance times wherontraflow was employed were
moderatebased on transportation modeling resultqup to 11 hours of clearance time improvement
for some scenario$. Thus, given the planning and operational efforithe detailed plans in place

2 The Coastal Counties scenarios provided statewide evacuation scenarios modeled for Category 4 storms only.
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Executive Summary

completed byNJDOTand the time and cost related to contraflow operationst was recommended
that the State ofNew Jerseycontinue to study and refine contraflow options and implementation.

The statewide and northern countiesscenarios included NYC evacuee®nly a portion of the NYC
evacuees traveled to NI he behavioral assumptions fronthe New York State/NYC HES were used
and severalapproximations were made to account for this additional influxnto NJ Theclearance
time results showed minimal impact(0-2 hours) on the clearance time fothe NJHES R&tudy due
to how quickly the NYC populationwas set to respond to an evacuation ordeil he clearance times
only increased significantly when very conservative behavioral and transportation assumptions
were applied in sensitivity scenarios Additional sensitivity scenarios included county-specific
simulations with the evacuaton of a progression of zones (Zone A, Zone A+Bpne A+B+Cetc.).
The results ofthe county-specific sensitivity scenarios were included inAppendix E.

The NJHESReStudy was one of the first studies to utilize RtePM It has contributed to
improvements in the development ofRtePMand continued progress in evacuation modeling and
disaster planning.In particular, the size and scale of th&lJHESRe-Study study area required the
study team towork closely with the software developers The benefit of leveraging RtePNis its
ability to test many different evacuation scenarios, which makes this macrscale model a useful
tool in the development of HESsThe results andnformation can be shared between federal, state,
and local levels of government to quickly make decisions and to better inform the general public
when a storm approaches.

ES3







1.0 Introduction

1.1Background and Stly Area

The goal of theHESwasto provide support to stateand local governments with ongoing hurricane
evacuation planning efforts. Under the National Hurricane Program,the U.S Army Corps of
Engineers (USACE) conducts Hurricane Evacuation Studies (HESpartnership with the Federal
Emergency Management Agency (FEMAxnd the National Oceanic and Atmospheric
Administration (NOAA), specifically theNational Hurricane Center(NHC), which is part of the
National Weather Service (NWS)These studiesinclude different analyses Hazard, Vulnerability,
Behavioral, Shelter, and Transportation. The ultimate output of NJHESRe Study is to determine
clearance timeswhich represent the time it takes to clear the roadway of all evacuating vehicles,
measured from themoment the evacuation order is issued until the time when the final evacuating
vehicle reaches its point of safety.

Real Time Evacuation Planning Model (RtePMyas the tool of choice for several HESs for use in
the Transportation Analysis. RtePMis a high-level, simulation-based traffic model designedo
capture traffic impacts along regional highway networks to calculate evacuation clearance times.
The primary outputs from RtePMwere the clearance times and the overall evacuation flowRtePM
was not designed to model the exact traffic flow over time

Demographic data used in the analysis of the vulnerable populatiomere collected and organized
in such a way to allow for direct integration into RtePMData related to shelter capacities and
demand was brought into the RtePM model during theTransportation Analysis to model the

movement of evacuees.

For the NJHES Ré&tudy, the 17 counties vulnerable to storm surgewere divided into two regions:
Northern Countiesand SouthernCounties(Figure 1-1):

Northern Counties Southern Counties
A BergenCounty A Atlantic County
A EssexCounty A Burlington County
A HudsonCounty A CamdenCounty
A Mercer County A Cape MayCounty
A MiddlesexCounty A CumberlandCounty
A Monmouth County A GloucesterCounty
A PassaicCounty A OceanCounty
A SomersetCounty A salemCounty
A Union County

CDM
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Sectionl T Introduction

1.1.1Study Purpose

The ultimate objective of theNJHES R&tudywasto calculate evacuation clearance times that can
be used by emergency managers for emergency management plannietated to tropical cyclone
evacuations This report describes the various methodologies used to complete the five analyses
included in a HESHazard, Vulnerability, Behavioral, Shelter, and TransportationVith NJhaving
been severely impacted by recentmajor disasters, including Hurricane Sandy(2012) and
Hurricane Irene (2011),there was an inherent need to update evacuation anaperational planning
data and processes

1.1.2 Funding

FEMAfunded this effort in coordination with the USACE Philadelphia District. Through the USACE
Philadelphia District and USACE Coastal Planning Center of Expertise, Gahagan & Brya
Associates/CDM Snih were contracted for this task work order to conduct several support
activities to determine the best available datato inform the Transportation Analysis, develop
evacuation scenarios, assess transportation modeling results, and produce clearatioges.

1.1.3 Authority

The authority for USACB participation in the NJHES R&tudywas Section 206 of the Flood Control
Act of 1960, as amended (Public Law 8645). FEMAS participation was authorized by the Disaster
Relief Act of 1974, as amende@Public Law 93-288). These laws authorizd the allocation of federal
resources for planning activities related to hurricane preparedness.

1.2HES Components

1.2.1General

Sincethe lastNJHESNn 2010, NJwas severely impacted by severdtopical cyclones Updated storm
surge modeling became availableand resulted in anupdate of storm surge inundation maps and
county-specific hurricane evacuation zonesn 2016-2017. During this timeframe, behavioral
surveys were also conducted to better understand NJ evacation participation and behaviors
during storm events. This data was combined with an analysis of shelter availabilithroughout
the study areaand then incorporated into the transportation modeling to determine clearance
times for designated areas ofisk throughout the state.

1.2.2 Hazard Analysis

The Hazard Analysis was completed in 2018~rhich developed updated storm surge inundation
areamaps using the best available data at that tim&ee Section 2.0 for discussion.

1.2.3 Vulnerability Analysis

The Vulnerability Analysis updated evacuation zonesfor the 17 counties in the study areausing
the storm surge inundation areamaps developed during the Hazard AnalysisTheevacuationzone
development was completed in 2017 in coordination with FEMA, USACENJ Department of
Transportation (NJDOT) NJ State PoliceNJSP) and NDffice of Emergency ManagemeriNJOEM)
A spatial analysis of critical infrastructure within evacuation zones was also developed and
provided as reference dataSee Section 2.0 for dcussion.

CDM
Smith 1-3



Section 1 Introduction

1.2 4 BehavioralAnalysis

The Behavioral Analysisand behavioral assumptions predicted the anticipated response of the
study area populationto determine: 1) percent ofthe population expected to evacuate?) probable
destinations of evacuees3) public shelter use, and4) utilization of available routes. The
methodology used to develop the behavioral assumptions and transportation modeling inputs
employed recent (i.e., after Hurricanes Irene and Sandy)behavioral survey data Behavioral
assumptions were derived from thebehavioral survey results and used as an input into the Shelter
and Transportation Analyses. See Section 3.0 fodiscusson.

1.25 Shelter Analysis

The Shelter Analysiswas a comprehensive invemory of public shelters, shelter capacities, shelter
locationsin comparisonto storm surge inundationareas and shelter demand for eaclcounty. See
Section4.0 for results and discussion

1.26 Transportation Analysis

The Transportation Analysis computed the evacuation clearance times needed to conduct a safe
and timely evacuation for a range ofonditions. The Real Time Evacuation Planning Model (RtePM),
a free, webbased transportation modeling tool with updated population and transportation
network data sourceswasused to model theTransportation Analysis. See Section 5.0 for discussion
and Section 6.0 for results

1.2.7 HURREVACDecision Tools

Evacuation clearance timetable spreadsheetsere createdin accordance withHURREVAC format
HURREVAC is web-baseddecision support tool available from the National Hurricane Program,
created specifically for use by government emergenayanagers. This tool tracks storm&nd uses
HEScalculatedclearance timesalong with NHCforecast datg to help determine evacuation start
times to completely evacuatean areabefore the arrival of tropical-storm-force winds.

CDM
1-4 Smith



2.0 Hazard and Vulnerability Analysis

2.1 StormSurgelnundation Areas

During the NJHESRe-Study Hazard Analysisin 2016, €orm surge inundation area maps were
developedby USACPPhiladelphia District basedon the latest Sea, Lake, and Overland Surges from
Hurricanes (SLOSH) modedlata available at that time The SLOSH basswsed for this study area
were NY3 (New York) and DE3 (Delaware Bay}®. By leveraging SLOSH model outputs fdhe
Maximum of the Maximum Envelopes of Water (MOM) digital elevation data,and GISspatial
analysis tools, storm surge inundation maps were developed which depicted the worstase
scenariostorm surge inundationareasassociated withCategory 1, 2, 3and 4 (Category4 being the
most severefor states in the northeastern coast of the U5 Figure 2-1).
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Figure 21 Storm Surgdnundation Areador the NJHERe Study

31n 2020, the Northeast (Nel) SLOSH super basin was released, which provided updates to storm surge data in areas of
the northeast U.S., inclding New Jersey. The Nel storm surge data was not used in developihg Hazards Analysis,
evacuation zonesand scenarios during the study, as it was released after their completion. However,tag state and
counties develop operational plans, they shodl familiarize themselves with the latest storm surge data when
determining which evacuation zones to evacuate

4 For a detailed definition of a MONplease visit:https://www.nhc.noaa.gov/surge/ momOverview.php
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Section2 JHazard and/ulnerability Analysis

2.2New Jerse¥vacuation Zones

During the 2017 NJHESReStudy Vulnerability Analysis, hurricane evacuation zones were

developed for eaclof the 17countiesin the study area through closeoordination between USACE,

FEMA,NJDOTNJOEMNJSPand NJcounty emergency managersDuring the summer and fall of
2017, the teamheld meetings with eat county and usedhe latest SLOSH storm surgenundation
mapping results developed during the Hazard Analysiso delineate evacuationzones.

As a result of these meetingshere were 132 evacuation zonesdevelopedthroughout the state,
which included 7 letter zones (Zone A to Zone G) ariktween 3 to 17evacuationshapes(A, Al,
A2, B, B1, B2, etc.for each county.Evacuation shaperovided an additional level of detail for
evacuation zonesGIS shapefiles were developed for each cowns O A O A A O Al kvéré
overlayed with critical infrastructure datasets to better understand vulnerability within the study

areab. The shapefiles were also uploaled to HURREVAC. NJDOT compiled meeting rote
summarizing each county evacuation zone delopment meeting. These compiled meeting notes

can be provided to stakeholders by the NHP, upon requést

In reviewing the evacuation zone for transportation modeling, the study team encountered
several spatial inconsistenciesdue to a difference in methodologyacrosscounties that needed to
be rectified for a consistent,regional approach appliedin the Transportation Analysis. Figure 2-2

uitAo

compares evacuation zones for Middlesex and Monmouth Counties to demonstrate an example of

how the evacuation shapes andvacuationzone development diffeed between NJcounties.

A NYC \E
F1 B1
c2

\/

Figure 22 Middlesex and Monmouth Counties Evacuation Zones

Middlesex and Monmouth Counties
Evacuation Zones

Evacuation Zones

[ county Boundaries

B = @ [~
87 { ')
s FEMA

e —— — 5
o 128 28

5 Critical infrastructure layers (nursing homes, hospitals, police stations, and prisonsyere overlayed with evacuation zones
and storm surge maps. A spreadsheet detailing the critical infrastructure distribution in these areas (and associated GIS

shapefile data) is provided with projectsupporting documents data.
6 Personal communication wih NJDOTThe National Hurricane Program can provide evacuation meeting minutes upon
request by stakeholders, in coordination with NJDOT.
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Section2 THazard and Vulnerability Analysis

The following issueswere encountered

A From county to county, theinland extent of lettered zones differed. For example, an
evacuation order of Zone Aand Zone B in Middlesex Countgovered more inland areas as
compared to a similar evacuation order in Monmouth County

A Someevacuationzoneswere defined by shapesthat were non-contiguous. For example,if
ZoneB was ordered to evacuate some counties hadnultiple , disparate areasdesignated as
Zone B (B1, B2, etc.)This resulted inthe same lettered evacuation zoneshaving different
levels of impact from storm surge inundationof the samehurricane intensity.

A The behavioral study assumptions and data (Section 3.0ere limited to a particular
hurricane intensity and did not tie behavioral responses to a evacuationzone.

A Severalcounties defined evacuation zonegZone A to Zone G)hat encompas®d the entire
county area, includng all inland areasthat were not impacted by storm surge This was
atypical if compared to other completed or ongoing HES buivas an acceptable practicein
defining evacuation zones Sate and county emergency managers shoulddefine the
evacuation zones as thegee fitin their local disaster planning efforts (beyond flooding from
hurricane impacts) for public communication. However, this methodology affected how
available datawere applied in the Behavioral Analysisand transportation modeling, as
discussed insubsequent sections.

A Several counties defined evacuation zones forverine areas impacted by freshwater
flooding and were verified upon review of the FEMA special flood hazard area (SFHA)
Riverine flooding is not typically used to define evacuation zones in HES$iese areasvere
low-lying and at risk of flooding. However, based onthe SLOSH modelingthey were not
impacted by storm surgeinundation and thus were not correlated directly to hurricane
intensity .

Therefore, the study teamconducted thefollowing analysesto determine asolution to develop a
regional evacuation transportation modelingapproach

A Inallinstances, thestudy teammaintainedthe originally defined evacuation zoneg-dowever,
some evacuation shapesvere merged fortransportation modeling purposes

z

A Due todifferences in how evacuation orderswere issued (i.e., whichevacuation zone was
ordered to evacuate across countiesthe study teamconducted a GlSpatial analysis to
determine the percent of land within each evacuation shape thaivas coveredby Category 1
through Category 4storm surge inundation. The GlSspatial analysis removed areas of
existing water bodiesand wetlandsfrom evacuation zones for this calculationAs a result of
this exercise, storm surge inundation categories were assigned to evacuation zones.

As an exampleTable 2-1 shows the percent of storm surge inundation areas inthe Cape May
County evacuation zones After existing water bodies andwetland areaswere removed from Cape
May evacuation zones, 68.94% of Category 1 storm surge inundation area was within Cape May
Zone A 6.29%wasin ZoneB, and 0.45%was in ZoneC.Therefore,ZoneA and B would evacuate in
Category 1,while Zone C would evacuate ifCategory 2, where the percent of wet area(i.e.,storm
surge inundation areg within Zone Cwas 5.66%.The study teamconductedthis calculation for all
17 counties and @ch evacuation zoneThe threshold forinitial categorization was between 1% to
5% but was countyspecific based on thestorm surge inundation extert, detailed notation of

CDM
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Section2 JHazard and/ulnerability Analysis

evacuation zone definition, and land usdetailed maps for each countyare locatedin Appendix A
in addition to the calculations of storm surge inundationareas within the evacuation zone.

Table2-1 Example ofPercent ofStormSurge Inundation Areas i@ape May Evacuation Zones

Evacuation Zone

Percentof Storm Surge Inundation Areavithin an
Evacuation Zone

Category 1
Hurricane

Category 2
Hurricane

Category 3
Hurricane

Category 4
Hurricane

Cape May Zone A 68.94% 94.52% 98.70% 99.57%
Cape May Zone B 6.29% 24.98% 55.79% 77.59%
Cape May Zone C 0.45% 5.66% 16.50% 22.66%

Another complication that the study team encounteredin preparation for the transportation
modeling was a limitation on the number offiles that could be imported intothe RtePMgraphical
user interface. With the need to include NYCevacuation zonesfor large regional scenarios,
evacuation zoneswere grouped to represent evacuationareasordered to leave based on storm
surge inundation and hurricane intensity. Intotal, 56 different evacuationareaswere developed
and used in the transportation modeling. This grouping was done for large, regionalscale
evacuations where a consistent approactvas necessary.

Table 2-2 summarizesthe grouping of evacuationzonesbased on $orm surge inundation area and
hurricane intensity. The table was developed to show how evacuation zones are calleih_a
cumulative progressionashurricane intensity increases (e.g.,a Category hurricane includes Zone
B1 and C, in addition to Zone A Bergen County. Local and state emergency managershould

continue to coordinate anduse the evacuation zones thaivere previously developedin 2017 to

refine existing emergency operationalplans.

After reviewing the extents of storm surge inundation eeas within the evacuation zonesthe study
team noted that Hne E1 in Bergen CountyZoneF in Essex CountyZone F2 and Zone G2 in
Middlesex County; and Zone F in Burlington County havelimited storm surge inundation from a
Category 4 hurricane as these areas wergrimarily affected by riverine flooding. The combination
of riverine flooding and storm surge flooding evacuation was not the focus of this effort, but several
county-specific sensitivity scenarios were simulated to address thse risk areagAppendix E). For
the regionalscale scenarios (and due to thdow exposure of the Category 4 storm surge
inundation), these evacuation zonesvere considered (nland area® during the transportation
modeling.
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Section2 THazard and Vulnerability Analysis

Table 2-2 NJGounties Evacuatin ZoneAssignment$

County

Category 1
Hurricane

Category 2

Category 4

Inland Area

Hurricane

Category 3
Hurricane

Hurricane

Bergen (B1, C) (BLCA | (BL,CA | (BL C)A (B2, D, E2, F, E1)
Essex (A, B) (A, B) (A, B) (A, B) (C,D,E, G, F)
(A,B,CPD, | (A B,CD,
Hudson (A, B, C) (A, B, G E E(F, G)
Mercer B B B A (C,D,E, F, G)
(A,B1,B2,| (A BLB2 | (A BL B2,
Northern | Middlesex | 5[1)'1')32’ €L “ci,p1), | c1,D1), | C1,D1), | (D2 Fl, G3,F2, G2)
Counties (C2,G1),E| (C2,Gl),E| (C2,Gl1),E
Monmouth A A,B A BC A, B, CD (E, F)
Passaic (AL, A2) (AL, A2) | (AL A2 | (AL, A2 | (B,C,D, EL E2F,Q
Somerset Al Al (A2, B1, B2, C, D)
Union (A, B) (A, B) (AB,C | (AB)C ®L¥$%§FLR
1 (A)1 (B, CZ), (A)1 (B, C2)! (A), (B, CZ),
Atlantic (A), (B, C2), (D (D) (D) C1. E, F| (D)CL E, F
Burlington A B A B AB,(C,D, | ABC,D, (G, F)
E) E)
(ABL,B2, | (A BL B2 | (A BL B2
(A, B1,B2,C1| C1,C2, C3)| C1,C2 C3)| CL C2 C3)
CamEr c2,c3) | (b1,D2 D3, (D1, D2, D3| (D1, D2, D3 (E F)
D4, D5) D4,D5) | D4, D5)
Southern Cape May A, B A, BC A, BC A, BC
Counties | cumberland A A A A (B, C)
Gloucester (A, B) (A, B) (A, B,(C,D)| (A B, (CD)
(AL, A2, A3,| (AL, A2, A3,| (AL A2, A3,
(AL, A2, A3, Ad A4,AA%?,, AB6, A4,AA%?’, AB6, A4,AA%?’, AB6,
OzEr (BA15'CA16*&X of (B1,C1,c4/ (BL CI Ca) (BL CI, Ca (D, E)
€1, C4,C ¢5(B2, B3,| CH, (B2, B3,| C5, (B2, B3,
C2, C3) C2,Cc3) | €2 C3)
Salem A, B A B A, B A, B C

*Note: the parentheses surrounding evacuation shapes indicate the grouping used for the Transportation Analysis. This resuiite86 different
evacuation areagincluding NYC) fortransportation modeling. This grouping was done for large, regionadcale evauations where a consistent approach

was necessary.

+ The table was developed to show how evacuation zones are called in a cumulative progression as hurricane intensity incred¢ses, a Category 2
hurricane includes Zone B1 and C, in addition to ZoneidBergen County).

Figure 2-3 and Figure 2-4 show the NJevacuation zonesby hurricane intensity and region. The
figuresinclude the zones thatwere listed as"limited exposure during a Category 4 event." Figure
2-5 shows the evacuation zonesodeled duringthe Transportation Analysisfor the 17 NJcoastal

counties.

2-5




Section2 Hazard and/ulnerability Analysis
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Section2 Hazard and Vulnerability Analysis
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Section2 Hazard and Vulnerability Analysis

2.3New York City Evacuation Zones

The effect of evacuees from New Yority was alsoevaluatedas part of the regionaland statewide
scenarios New York City(NYC)has fiveboroughs: Brooklyn, Bronx, Manhattan, Queens andStaten
Island (Figure 2-6). Counties east of NYC (Nassau and Suffolk Countie®re not included in the
Transportation Analysis since the NJHESRe-Study focused primarily on the impact of NYC
evacueeon the NJ transportation network.

NYC Boroughs - Manhattan
B sronx [ Queens
- Brooklyn - Staten Island
|:] State Boundaries

= S
u'BEAlmy Corps e
U8 Ao o
Pl iphia District FEMA
75 10

ngir
hiladel

0 125 25 5

New York

New Jersey

Figure 26 New York City Boroughs

In coordination with USACH\ew York Districtand the NYCOffice of Emergency Management, NYC
evacuation zones were provided to the studyeam.The July2015 New York State(NYS)Hurricane
Evacuation Study New York City Arlysis’ (2015 NYSNYCHESAppendix 2.1 of the NYCAnalysis
HES andChapter 6 Transportation Analysis from the 200New York State Hurricane Evacuation
Study Technical Dat& report was used as reference for NYCrelated information. The NYC

TFEMAJuly 20150. Ax 91 OE 3 0AO0A ( OOOEAAT A %OAAQAQEI T 3OrQASAMYGhARE T E

of Engineers, New York State Office of Emergency Management, New York City Emergency Management
8FEMAApIil 2009.0. Ax 91 OE 30A0A ( OOOE A AT DataRepolt BIdNaVDYoik Tity Bld3&d BuffelkAald 1
Westchester Counties: Chapr6h 6 5838 ! Of U #1 0PO 1T £ %l CGET AAOOh . Ax 9T OE
City Emergency Management.
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Smith 2-9

O

o~



Section2 JHazard and/ulnerability Analysis

boroughshavesix evacuation zonegZone 1, 2, 3, 4, 5, and 6 he following characterization of
evacuation zones in Figure 2 -7 was solely for alignment with the NJHESRe-Study and did not
dictate any changes to the existing NYS/NYC HES. The 2015 NYSNYCHESvas the primary

source of evacuating information for NYS and NYC. NYC Zones 1 and 2aligned with an
evacuation fora Category 1storm; NYCZones3 and 4aligned with an evacuation fora Category 2
storm; NYCZone 5aligned with an evacuationin a Category 3storm; and NYCZone 6aligned with
an evacuation fora Category 4 storm. The NYC evacuation zonewere grouped based onhurricane
intensity for the NJHESR e Study.

Evacuation Zone Impacted by
Hurricane Intensity

- Category 1 Category 3
Category 2 - Category 4
:] State Boundaries

us Army Corps 6
monres FEMA e

Phl de‘oh District

0 (25 25

New York

New Jersey

Figure2-7 Evacuation ZoneModeled in RtePMor New York City
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3.0 BehavioraAnalysis

3.1 Purpose

The purpose ofthis section isto document the development and resulting behavioral assumptions
that were used to model evacuating traffic within the RtePMmodeling interface. Behavioral
assumptionswere a critical element in hurricane evacuation modelindbecausethey identified the
populations? and subsequent behaviorg that respond toan evacuation order.

The three primary resources reviewed for behavioral datavere the 2017 New Jersey Hurricane
Evacuation Behavioral Analysis Recommendations for Planning Assumption2017 New Jersey
Hurricane Evacuation Behavioral Survey Data Repdft(2017 NJ HEBS Reportlandthe 2007 New
JerseyHurricane Evacuation StudyTransportation Analysistt. The 2017 NJ HEBS Report provided
the most recent and useful behavioral data and was used for tiNJHESRe-Study Transportation
Analysis.

There were four primary behavioral parametersused in the NJHES R8tudy: participation rates,
response curves, vehicle usage ratesnd destination rates

z

A Participation rates identified the percent of the population participating in an evacuation
according to thehurric ane intensity which was only applicable to theNJHESRe Study.

I Shadow evacueesindividuals who were not ordered to evacuatebut leaveas a result of
a perceived threat were accounted for inNJHESRe-Study participation rates.

A Response curvedepicted the amount of time (in hours) evacueedake to respond to an
evacuation orderand enter the transportation network.

A Vehicle usage ratesvere related to the proportion of vehicles available to the evacuating
household from each zoneised during anevacuation order.

A Destinationratesrepresented the proportion of the population traveling to different points
of safety.

A Public shelter usage ratesvere a sub-component of thedestination rates and represened
the proportion of evacuees whdravel to shelters as their point of safety.

1 The other destination rate evaluated is the endpoint assignment?, which represents
regional destination flows asthe number of evacueegypically traveling north or west
towards a point of safety

31 #% OEEI AAAI PEEA $EOOOEAOS

°o%AOl *8 "AEAOR (AUAOAO - AT Agelilérdep HutricaheOFdcuatipl BeBdvioral Anblysis ¢ mp x 8
5

Recommendations for Planing Assumptionsh 6 /&l O

(

0%A0I *8 "AEAOh (AUAOAO - AT ACAT AT 6 ' O0i 6bh )T A8h *O1 U ¢mpx8 O. Ax

for USACE Philadelphia District.

1upBs&h  * O1 ANew JemsegHdirricine Evacuation StudyTransportation Analysish & &£ O 53! #% OEEI AAAI PEEA
12 Evacuation endpoints within RtePM are the locations where evacuees leave the evacuation network toward a point of safety.

Evacuees not traveling to public shelters will evacuate tone of the active endpoints on the network
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Section3 7 BehavioraAnalysis

The RtePM interfaceallowed for the inclusion of participation rates, public shelter usage rates
response curves vehicle usage rates,and other destination information in the form of
routing/direction preferences. Behavioral assumptions for the transportation modeling were
based onrecent behavioral survey data and data requirements of RtePM.

Limited by the resolution of available behavioral data, behavioral assumptions developed fahe
NJHESRe Study Transportation Analysiswere regional or state-wide and not county-specific. The
2017 NJ HEBS Repogroupedthe areas intotwo regions:northern counties andsouthern counties.
The Behavioral Analysis was based on 2,000 telephone survey interviews from storm surge
vulnerable counties (1,000 in Northern NJand 1,000 inSouthern NJ. 40% of respondentswere
located in the Category 1storm surge inundation areas 20% in the Category 2storm surge
inundation areas 20% inthe Category 3and 4storm surge inundation area, and 20% inthe inland
areas of coastal countiesThe 2017 NJ HEBS Repartcorporated questions andresponses related
to Hurricane Irene and Hurricane Sandy.

3.2 EvacuatiorParticipation Rates

Evacuation participation rates used in the transportation madeling were developed using
information from the 2017 NJ HEBS Repofbr both the northern and southern counties. The study
reported various surveyed behaviorsby storm surgeinundation area for the entire coastal area
under assessmentincluding:

A Overall evacuation participation rates,

>

Out-of-county trip rates (indicating the percent of evacuees that seek refuge outside of their
county),

A Percentof available vehicles used
A Public shelter use ratesand
A Evacuationtiming curves for planning(responsecurve).

The behavioral parameters in the 2017 NJ HEBS report were not broken down by evacuation zone

Instead,the participation rates were summarized by storm surgeinundation area (also listed as

Gurge zonedin the 2017 HEBS Repott) AT A AOEI 11T £ O OO C AegionsHh€R0I XA NDE . * O
HEBS Reportused OEA OA Ol ET IthrdatCstena@d®ll OOAAA 1T £ OEOOOEAAT A
identify these areasTable 3-1 showsthe participation ratesidentified in the 2017 NJ HEBS Report

by region.

B4EA OAOI O 06001 OF OGIMPA OF T GIEOEAE TAT AMOVONMA 66 70EDE @D BGE AAME AOOOC

ET OAT OEOUG6 T8 001 ark usébrteilatyeadhiif thid @it The latter terms were used tobehavioral
reference dataper the 2017 NJ HEBS$eport.
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Section3 | BehavioralAnalysis

Table3-1 Participation Rates fronthe 2017 NJ HEBS Report
Northern NJ

Evacuation Rat€%) Scenario
sugeZone | FuiOl  mbane  Humane  Humoano
Category 1SurgeZone 45% 55% 70% 80%
Category 2SurgeZone 25% 50% 65% 75%
Category 34 SurgeZone 15% 30% 60% 60%
Inland of Surge 5% 10% 10% 15%

SouthernNJ

: Scenario
Evacuation Rate (%)

Category 1  Category 2 Category 3 Category 4

Surge Zone

Hurricane Hurricane Hurricane Hurricane
Category 1SurgeZone 50% 60% 75% 80%
Category 2SurgeZone 35% 50% 70% 75%
Category 34 SurgeZone 15% 35% 60% 65%
Inland of Surge 5% 10% 10% 15%

When an evacuation is ordered, a portion of the population stays within their county while others
travel farther away to a point of safety. In the transportation model, RtePM, those that evacuate
primarily go inland to an endpoint (considered outof-county in the model) or a public shelter.
RtePM does not distinguish or account for kR i OT OU 11 OAT AT 6O OOAE AO
house.Therefore, evacuation participation rates (including for shadow evacueeas shown in Table
3-1) were modified to reflect the potential overestimation of participating population. Table 3-2
shows the outof-county trip rates identified in the 2017 NJ HEBS Repobly region.

Table3-2 Out-of-CountyTrip Rates from2017 NJ HEBS Report
Northern NJ

Evacuation Rate (%) Scenario
Category 1  Category 2 Category 3 Category 4
S Ao Hurricane Hurricane Hurricane Hurricane
Category 1SurgeZone 55% 55% 55% 55%
Category 2SurgeZone 50% 50% 50% 50%
Category 34 SurgeZone 50% 50% 50% 50%
Inland of Surge 50% 50% 50% 50%
Ccbm
Smith 3-3
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Section3 | BehavioralAnalysis

Table 32 Qutof-/ 2dzy & ¢NAL) wkGSa FNBY Hamt bW | 9.

Sout-hern NJ Scenario
Evacuation Rate (%)
swgezone  PiOl  lumeane  Humeare | Humane
Category 1SurgeZone 80% 80% 80% 80%
Category 2SurgeZone 70% 70% 70% 70%
Category 34 SurgeZone 60% 60% 60% 60%
Inland of Surge 55% 55% 55% 55%

Evacuation participation rates were multiplied by out-of-county trip rates to determine what
percent of the population would evacuate enter the roadway network, and leave their home
county. Theseparticipation rates were used to determine thefinal evacuation zone participation
rates for bothnorthern and southern counties. The valuesfor surge zone areas andnland areas
arereported in Table 3-3,which showsthe out-of-county evacuationparticipation rates by region.
This table also has grayed cells indicating shadow evacueggs discussed in Section 3.2)11n the
remainder of this report, the out -of-county evacuation participation rates will be simply
OAEAOOAA OI AO OEA OAOAAOAOGEI1T DAOOEAE

Table3-3 Out-of-CountyEvacuationParticipationRates
Northern NJ

OAOA;

ParticipationRate (%) Scenario
Sugezone  SHegoyl Calegoy2  Calegoys  Categon s
Category 1SurgeZone 25% 30% 39% 44%
Category 2SurgeZone 13% 25% 33% 38%
Category 34 SurgeZone 8% 15% 30% 30%
Inland of Surgé& 2% 5% 5% 7%

Southern NJ

ParticipationRate (%) Scenario
woezne SIS LIRSS
Category 1SurgeZone 40% 48% 60% 64%
Category 2SurgeZone 25% 35% 49% 53%
Category 34 SurgeZone 9% 21% 36% 39%
Inland of Surgé& 2% 5% 5% 8%
*Note: the values in tle Northern and Southern NJables were rounded to the nearest integer for display onlyin this table exceptforOET 1 AT A i £ OOOCAhR 6

which was rounded down (see dscussion about shadow eveuees inSection 3.21). The subsequentalculations using participation rateswere
maintained with precision throughout the process until the rateswere inputted to RtePM.

3.2.1 Shadow Evacuees

Shadow evacuees weralso summarized in the 2017 NJ HEBS Repott.the population in Zone A
was ordered to evacuate because of the trajectory of an oncoming storm, individuals in other
evacuation zones within the county, as well as its inland area, mpgrceive a threat frompotential
flooding impacts and/or impacts from tropical storm-force winds. Depending on whether these
individuals lived in vulnerable structures (e.g.mobile, or manufactured homes located near water

CDM
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Section3 T BehavioraAnalysis

bodies or other areas prone to flooding), these individuals may evacuate at the same time as those
under the evacuation order.

The spatial discrepancy issues regarding evacuation zone development (as discussed in Sectio
2.2) also impacted the approach of incorporating shadow evacuees. The participation rates were
applied as described in the previous sectits. The evacuation zone assignment to a hurricane
intensity (Table 2-2) was used to determine which zones would be ordered to evacuatkiring a
hurricane incident, and which zones would have a percent of shadow evacue@sable 3-4
describes the shadow evagee responseby hurricane intensity.

Table3-4 Shadow Evacuee Designation by Hurricane Intensity

Hurricane Intensity Assignment to

Hurricane

Intensity : Evacuation Zone Shadow Evacuedsom the Following Areas
(i.e., Based on Evacuation Order)
Category 1 Category 1 Category 2, 3, and 8urge Zongand Inland Areas
Category 2 Category 1 and 2 Category 3 and 8urge Zongand Inland Areas
Category 3 Category 1,2 and 3 Category 45urge Zonand Inland Areas
Category 4 Category 1, 2, 3,and 4 Inland Areas

Through an additional review of the evacuation zonegvacuationparticipation rates, and the 2017
NJ HEBS Reporit was noted thatinland areas werealsoinconsistently defined. Due to the extent
of the inland areas in evacuation zones, the location of dense population centers, and a compariso
to the total evacuating population, the 2017 NJ HEBS shadow evacuee participation ratesdoly
inland area evacuees were rounded down to the nearest integefor the transportation modeling
efforts.

3.2.2 Development of Higkvacuation Zone, Medium Evacuation Zone, and
Medium Surge Zon&vacuation Participation Rates

Section 2.0 summarizd the process used for assigning hurricane intensity to an evacuation zone
based on the extent of storm surge inundation within the evacuation zon8incethe 2017 NJ HEBS
Report summarized participation rates by storm surge inundation, the study team idstified the
following issues

A In neighboring counties due to differences in how zonesvere defined and then assigned by
hurricane intensity, the participation rate (if applied directly) created a discrepancyin the
percent of population evacuatingin eachzone.

A In several countiesgvacuation zones covegd areas thatwere much greaterthan the storm
surge inundation extents. If applied directly, the participation rate would create an
overestimate of evacuating population. This may or may not be the case if individualscided
to evacuate due to the onset dfopical storm-force winds.

v

v
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Section3 7 BehavioraAnalysis

To resolve these issueand to provide aspectrum of participation rates for decision-making and
RtePM modeling scenariosthe study team applied the following approach:

A High evacuation participation ratesof 100% were applied to theentire population within the
ordered evacuation zone. This is a typical evacuation planning approach and hasheen
applied in other recent HESsThesewere the maximum evacuation rategconsidered worst-
case)and were referred to asHigh Evacuation Zone (E2) participation rates.

A Evacuation participation rates from the NJ HEBS ReportT@able 3-3) were applied to the
entire population within the ordered evacuation zones Thesewere referred to asMedium
Evacuation Zone (E2) participation rates.

A Lastly, to specifically address theportion of the population at risk of storm surge flooding
within evacuation zones, evacuation participation rates from the NJ HEBS Report (Tabk
3) were applied to only the population at risk of flooding from storm surge within the
evacuation zonesThis methodleveragead the RtePMUS Census$lock group data and storm
surge inundation areasdeveloped during the Hazard AnalysisTheserates were referred to
asMedium Surge Zone (S2 participation rates.

P2

Although the Medium SZ rates generally produced the smallest evacuating populationse tterm
"low," with respect to evacuationparticipation rates, wasdeliberately avoidedas itimplied a lower
rate number than medium andthat it was uniformly applied. In other HESs a low rate was
consistently much lower than the medium rate. This was not the case for theMedium Surge Zone
(S2) rate which varied depending on the extent of the inundation, the populatioraffected by
flooding, and theextent of the evacuation zone The Medium SZ participation ratewas a direct
translation of the 2017 NJ HEBS Report anapplication of the behavioral assumptionsto the
population impacted by storm surge inundation

In summary, Table 3-5 and Table 3-6 describe the medium (used in Medium SZ and Medium EZ)
and high evacuation (used in High EZ) participation rates developed for the NJHESSRedy forthe
northern and southern counties and used in the RtePM transportation modeling effortsThe
medium evacuation participation rates for shadow evacuees ere also applied to the High EZ
shadow evacuee participation ratesThe RtePM interface requires an integer percent for the
evacuationparticipation rate. Grayed cells indicate the percent participation of sliw evacuees.
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Table3-5 Medium EvacuationParticipation Rates byHurricanelntensity

Northern NJ
Evacuation Rate (%)

Hurricanelntensity

Sugezone  SHegoyl Calegoy2  Calegoys  Categon s
Category 1SurgeZone 25% 30% 39% 44%
Category 2SurgeZone 13% 25% 33% 38%

Category 34 SurgeZone 8% 15% 30% 30%
Inland of Surgé& 2% 5% 5% 7%

Southern NJ

: Hurricanelntensit
Evacuation Rate (%) 4

Sugezone  Cegoyl Celegoy2  Calegoyd Categon s
Category 1SurgeZone 40% 48% 60% 64%
Category 2SurgeZone 25% 35% 49% 53%

Category 34 SurgeZone 9% 21% 36% 39%
Inland of Surgé 2% 5% 5% 8%

*Note: the values in tle Northern and Southern NJables were rounded to the nearest integer for display onye1  OEEO OAAI A AGAAD(
which were rounded down (see discussion about shadow evacuees in Section B)2The subsequentalculations using participation rateswere maintained
with precision throughout the process until the ratesvere inputted to RtePM.

Table3-6 HighEvacuationParticipation Ratedy Hurricanelntensity

Northern NJ
Evacuation Rate (%)

Hurricanelntensity

Sugezoe  Galegowl Caegoyz - Cagoys  Categon s
Category 1SurgeZone 100% 100% 100% 100%
Category 2SurgeZone 13% 100% 100% 100%
Category 34 SurgeZone 8% 15% 100% 100%
Inland of Surgé 2% 5% 5% 7%

Southern NJ

) Hurricane Intensit
Evacuation Rate (%) y

Sugezone  SHegoyl Celegoy2 Calegoys  Categon s
Category 1SurgeZone 100% 100% 100% 100%
Category 2SurgeZone 25% 100% 100% 100%
Category 34 SurgeZone 9% 21% 100% 100%
Inland of Surge 2% 5% 5% 8%

*Note: the values in tle Northern and Southern NJables were rounded to the nearest integer for display onhfE1  OEEO OAAI A AGAADQ
which were rounded down (see discussion about shadow evacuees in Section B)2The subsequentalculations using participation rateswere maintained
with precision throughout the process until the rateswere inputted to RtePM.

3.2.3 Comparison of MediuntvacuationParticipation Rats (EZ ersusSZ)

The 2017 NJ HEBReport behavioral surveys wereconductedon populations located insidestorm
surge inundation areas andwere summarized by hurricane intensity. However, the RtePM

modeling effort and Transportation Analysisrequired inputs that were based onevacuation zone

cbm
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Section3 7 BehavioraAnalysis

and not storm surge inundation areas. Using the storm surge inundation aresin RtePM would
defeat the purpose of theevacuation zones, whiclwaswhy additional calculationswere necessary
to adjust the participation rates and reflect the impacted population for the Medium SZ

participation rates scenarios Figure 3-1 shows a graphical representation of the differences

between the EZ and Skates for Middlesex County.

Somerset

New Jersey Evacuation Zones

Middlesex County
Evacuation Zone Impacted by Storm Surge
Hurrisane Intensity
B Category 1 Category 1 Category 3
Category 2 Category 2 Category 4
Catagory 3 [ county Boundary

Category 4
Limited Expasure During a

Category 4 Event
i B ¢ 9
—— BERE
3

Hurricane Evacuation Routes

h 2 0 s
Due to the &

5 S4ICUaLE ES80 00 SIDIM S8 NUNAALIoN by hum 2. Mol hat 18 was Al COMpietsd &
POMALES CBNCES i1 NOw VBCMICN ZOMS WerD Celredied ICrTSS e ale.

Population Affected by Storm Surge
Inundation (Medium S2). The 2017 NJ
HEBS Report participation rate is adjusted
and then applied to the evacuation zone
to capture the participating percentage of
people who are impacted by storm surge

inundation.

Population Affected by Storm Surge

A 4

Inundation (Medium EZ). The 2017 NJ
HEBS Report participation rate is applied
to the evacuation zone based on
hurricane intensity. In this example, these
individuals are “unaffected” by storm
surge, but are impacted by TS winds.
Some may decide to leave due to loss of
power or other factors.

Figure3-1 Graphical Comparison between Medium SZ to MediumMzZticipation Raes

Table 3-7 shows an exampleof the participation rates calculation for Bergen County The first
column, Gwirricane intensity h ié the assignmentbased on the area of the evacuation zone thatas
inundated from storm surgeas discussed in Section 2.2. The second colun@@yacuation zonesh
lists the evacuation zone shapand any grouping thatoccurred. The third column Gurge zone
lists the categorization of the hurricane intensity within the evacuation zone.The fourth column,
Ocmc¢m 01 ®BMdvsthéiidjetted 2020population (including seasonal ppulation) based on

Q1 O

census tock group datawithin the overlap of thestorm surgeinundation areaand evacuation zone
(Section 5.2 describes the population projectiomethodology).

The fifth and sixthcolumns, under &ZEvacuatiorh show howthe participation rates for a Category
1 storm were applied to the entire population of the evacuation zon€lhe values inall of the tables
were rounded to the nearest integer for displayonly (i.e., 53,596 people in BergenZone A
multiplied by 12.5% is 6,699 people). The sibsequent calculations using participation ratesvere
maintained with precision throughout the entire process until the participation rates were

inputted to RtePM.
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Section3 T BehavioraAnalysis

The seventh and eight columns, under(3Z Evacuatioh show the participation rates for a Category
1 storm and how they are applied tothe evacuating population within the portion of the surge
zones within the evacuation zone They use the evacuation participation rates by hurricane
intensity applied to the population thatwasimpacted by storm surge flooding(i.e., 3% of inland in
Zone A is 870 people, 25% of the Category 1 surge zone in Zone A is 303 people, 13% of the
Category 2 surge zone in Zone A is 855 people, etdhe additional columns to the right reflect
higher intensity storms. Thehighlighted values (pink, orange, yellow, and bluejeflect the percent

of evacuatingthe population. The patrticipation rate calculationswere developed for each of the 17
NHES ReStudy counties (Appendix B).

Table3-7 Medium EvacuationParticipationRatesComparisonEZ vs. SZ)

County Hurrica}ne Evacuation | Surge 2029 _ Cat 2 Cat 3 _
Intensity Zones | Zones | Population | £z Evacuation| SZ Evacuation| EZ Evacuation| SZ Evacuation| EZ Evacuation| SZ Evacuation| EZ Evacuation| SZ Evacuation

A Inland 34,805 139 4,351 3% 870 25% 8,701 594 1,740 33% 11,312 594 1,740 389 13,052 8% 2,610

A Catl 1,223 139 153] 259 303 259 306 30% 370 33% 398 39% 471 38% 459 449 538|

Cat2 (A Cat 2 6,677 139 835 139 835 259 1,669 25% 1,669 3394 2,170 33% 2,170 38% 2,504 389 2,504

A Cat3 4,837 13% 605] 8% 363 259 1,209 15% 726 33%4 1,572 309 1,451 38% 1,814 30% 1,451

A Cat4 6,0520 139 757 8% 454 259 1,513 15% 908| 3394 1,967 309 1,816 38% 2,270 30% 1,816

53,59¢ 13 6,699 594 2,824 25% 13,399 10 5413 339 17,419 149 7,64- 20,09- 8,920

B1,C Inland 10,889 25% 2,695 3% 272 30% 3,294 5% 544 39% 4,192 5% 544) 449 4,791 8% 817

B1,C Catl 26,070 259 6,452 25% 6,452 309 7,886 309 7,886 399 10,037 399 10,037 44% 11,471 449 11,471

B Catl |B1,C Cat2 31,879 259 7,890 13% 3,985 309 9,643 25% 7,9700 399% 12,273 33% 10,361] 44% 14,027 389 11,95
B1,C Cat3 12,481 25% 3,089 8% 936 309 3,776 159 1,872 399 4,805 309 3,744 449 54920 309 3,744

B1,C Cat4 6,523 259 1,614 8% 489 30% 1,973 15% 978| 399 2,511 309 1,957 449 2,870 30% 1,957

87,847 259 21,741 149 12,139 30% 26,574 22% 19,251] 399 33,819 309 26.64- 38,65C- 29,943

B2,D,E2,F,Ellnland 760,21( 394 19,005 394 19,005 594 38,011 594 38,011 594 38,011 59 38,011 8% 57,016 894 57,016

B2,D,E2,F,ElCat 1 570 3% 14 259 141 5% 29 30% 173] 5% 29| 39% 220 8% 43 449 251

Inland |B2,D,E2,F,E]Cat 2 931 3% 23 13Y 116 5% 47 25% 233] 5% 47 33% 303 8% 70| 38Y 349
B2,D,E2,F,E]lCat 3 6,390 3% 160 8% 479 5% 320 15% 959 5% 320 309 1,917 8% 479 309 1,917

B2,D,E2,F,ElCat 4 30,045 3% 751 894 2,253 594 1,502 159% 4,507 594 1,502 309 9,013 89 2,253 30% 9,013

798,147 3% 19,954 3% 21,995 5% 39,907 5% 43,881 59% 39,907 694 49.46- 59,861- 68,5417

*Note: the values in tle northern and southern NJ &bles were rounded to the nearest integer for display only.The subsequentcalculations using
participation rates were maintained with precision throughout the process until theparticipation rates areapplied to the evacuation zone shapes when
enteredinto RtePM.

3.24 SummaryParticipation RateMaps for Northern New Jersey Counties

The following figures (Figure 3-2 through Figure 3-10) are summary graphicsfor Northern NJin
alphabetical order. Each map shows the evacuation zon€ZoneA, B, C, etc.) compared to the storm
surge inundation area (gray). The coloration of the evacuation zone witithe table in the top right
of each figure shove the hurricane intensity assignment and grouping based on the storm surge
inundation area(these shapesvere later inputted into the RtePM transportation model) The three
tables outline the participation rates applied to the evauation zones: the top tableshows the
Medium Surge Zone (SZ) participation rate (i.e., based on tpercent of the population impacted
by storm surge inundation), the middle table shows the Medium Evacuation Zone (EZ)
participation rate, and the bottom teble shows the High Evacuation Zone (EZ) participation rate.
Gray cellsindicate shadow evacueesTheparticipation rateswere alsoused for theShelter Analysis
described in Sectiord.0.

CDM
Smith 39



Section3 | BehavioralAnalysis

Morris

New Jersey Evacuation Zones
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D he

of RtePM, some
storm surge inundation by hurricane intensity. Note that this was also completed to
in how the

ve
to evacuate based on

to represent areas ordered

NEW YORK

During a

Inland

Storm Intensity

Limited Exposure

Category 4 Event

Evacuation Zones

(B2, D, E2, F)

Medium SZ Participation Rates

Evacuation zon

A
B2,D,E2,F, E1

es|Catl Cat2 Cat3 Cat4

14% 22%  30% 34%
5% 10% 14% 17%
2% 5% 6% 8%

Medium EZ Participation Rates

A

B2,D,E2,F, E1

Evacuation zones |Cat 1

Cat2 Cat3 Caté4
25%  30% @ 39% @ 44%
13% 25% @ 33% 38%
2% 5% 5% 7%

High EZ Participation Rates

A

B2,D,E2,F, E1

Evacuation zones |Cat 1

Cat2 Cat3 Cat4
100% 100% 100% 100%
13%  100% 100% 100%

2% 5% 5% 7%

Morris

e

New Jersey Evacuation Zones

Essex County

Evacuation Zone Impacted by Storm Surge
Hurricane Intensity

I Category 1 Category 1 Category 3
Category 2 Category 2 Category 4
Category 3 :] County Boundary

I Category 4 Hurricane Evacuation Routes
Limited Exposure During a
Category 4 Event
Inland m 8 e 9

ies ingmeers  FEMA

005 1 2 Ao Phiadopria Dissict

Due of RtePM, some have to t areas order

to evacuate based on

storm surge inundation by hurricane intensity. Note that this was also completed to
across the state.

Passaic

Union

Storm Intensity

Evacuation Zones

Medium SZ Participation Rates

C,D,EG, F

Evacuation zones |Cat 1

Cat2 Cat3 Cat4
12% 20% 29% 33%
2% 5% 5% 7%

Medium EZ Participation Rates

Evacuation zones

CD,EG, F

Catl Cat2 Cat3 Cat4
25%  30% 39%  44%
2% 5% 5% 7%

High EZ Participation Rates

Evacuation zones

C,D,EG, F

Catl Cat2 Cat3 Cat4
100% 100% 100%  100%
2% 5% 5% 7%

Figure 33 Essex Countfvacuation Zones and Participation Rates
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New Jersey Evacuation Zones
Hudson County

Evacuation Zone Impacted by Storm Surge

Hurricane Intensity
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Category 3 :] County Boundary

4

- C.a(.egory . =~ Hurricane Evacuation Routes
Limited Exposure During a
Category 4 Event
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Iu-m-,o-u
Tdmon T Pk s FEMA

5
1othe kastions o Rum e evaction 2010 ave bean combned o repreeent arees rdered
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o4 i how

across the state.

Evacuation Zones

Storm Intensity

(A, B, C), D, E, (F, G)
None

Medium SZ Participation Rates

Evacuation zones |Cat1 Cat2 Cat3 Cat4
19%  26%  34%  39%
9% 17%  26%  28%
E 9% 15% 23% 25%
3% 5% 6% 8%

Medium EZ Participation Rates

Evacuationzones |Cat1 Cat2 Cat3 Cat4
25% 30% 39% 44%
13% 25% 33% 38%
8% 15% 30% 30%
8% 15% 30%  30%

High EZ Participation Rates

Evacuation zones |Cat1 Cat2 Cat3 Cat4
100% 100% 100% 100%
13%  100% 100% 100%
8% 15% 100% 100%
8% 15% 100% 100%

Hunterdon

Middlesex

PENNSYLVANIA

New Jersey Evacuation Zones
Mercer County

Evacuation Zone Impacted by Storm Surge
Hurricane Intensity
I category 1 Category 1 — Category 3
Category 2 Category2 | Category 4
h
Category 3 [ county Boundary Monmout
[T Category 4

s . = Hurricane Evacuation Routes
Limited Exposure During a

Evacuation Zones

Medium SZ Participation Rates

Evacuation zones |Cat1 Cat2 Cat3 Cat4
B 3% 5% 6% 8%

3% 5% 6% 8%
C,D,EF,G 2% 5% 5% 7%

Medium EZ Participation Rates

Evacuation zones |[Cat1 Cat2 Cat3 Cat4
B 13% 25% @ 33% 38%

8% 15% 30% 30%
C,D,EF,G 2% 5% 5% 7%

High EZ Participation Rates

Category 4 Event Evacuation zones |Cat1 Cat2 Cat3 Cat4
Inland Burlington
T I L *'=""»--°"" FEMA B 13% 100%  100% 100%
Bule e koot el st iV ity o v SERNE L RRIORel 100%
normalize differences in how evacuation zones were delineated across the state. C D E F G 2% 5% 5% 7%
,D,EF,

Figure 35 Mercer County Evacuation Zones and Participation Rates
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Hunterdon

Evacuation Zone Impacted by
Hurricane Intensity
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Category 2
Category 3
[ Category 4
Limited Exposure During a

New Jersey Evacuation Zones
Middlesex County

Storm Intensity

Evacuation Zones

Limited Exposure

During a (F2, G2)
Somerset Category 4 Event
Inland (D2, F1, G3)

(A, B1, B2, C1, D1)
(A, B1, B2, C1, D1), (C2, G1), E
(A, B1, B2, C1, D1), (C2, G1), E
(A, B1, B2, C1, D1), (C2, G1), E

Medium SZ Participation Rates

Evacuationzones |Cat1 Cat2 Cat3 Cat4

8% 14% 20% 23%
C2,G1 3% 6% 7% 10%
E 4% 7% 9% 11%
D2,F1,G3, F2, G2 2% 5% 5% 7%

l Medium EZ Participation Rates

Evacuationzones|Cat1l Cat2 Cat3 Cat4
25% 30% 39% 44%
Storm Surge C2,G1 13% 25% | 33% 38%
Galdgena Caleghis E 13%  25% @ 33%  38%
Galliiong 3 csaa,|| noer WERGUth D2,F1,G3,F2,G2 | 2% 5% 5% 7%

:] County Boundary

Hurricane Evacuation Routes

High EZ Participation Rates

Category 4 Event Evacuationzones |Cat1 Cat2 Cat3 Cat4

Inland & e 100% 100% 100% 100%
o ——is T, FEMA 2,61 13% 100%  100% 100%
o evecusta ased an i sygs ncaton by pircane renaty. oo et 1 wes o compleed s E 13% 100% 100% 100%
normalize differences in how evacuation zones were delineated across the state. D2 F1 G3 FZ GZ 2% 5% 5% 7%

Figure3-6 Middlesex Couny Evacuation Zones arfdarticipation Rates

Hunterdon

PENNSYLVANIA

Storm Intensity

Somerset

Evacuation Zones

Middlesex

Evacuation zones |Cat1 Cat2 Cat3 Cat4
24%  30%  38% @ 43%
12% 24% 32% 37%
8% 15% 30% 30%
7% 14%  27%  28%
2% 5% 5% 7%

Evacuation zones|Cat1l Cat2 Cat3 Cat4
25% 30% 39% 44%
New Jersey Evacuation Zones 13%  25% = 33% @ 38%
Monmouth County 8%  15%  30%  30%
Evacuation Zone Impacted by Storm Surge
Hurricane Intensity 8% 15% 30% 30%
I Category 1 Category 1 Category 3 2% 5% 5% 7%
Category 2 Category 2 Category 4 Ocean
Category 3 [ county Boundary | High EZ Participation Rates
Eat.e‘g:vz:A i Hurricane Evacuation Routes Evacuation zones|Cat1 Cat2 Cat3 Caté
imited Exposure During a
Category 4 Event 100% 100% 100% 100%
Inland ¥ e 6 13% 100% 100% 100%
i :
s T, FEMA 8%  15% 100%  100%
g‘:v:cuale based on sr:l:\z:‘v‘gu inundation by nu:ﬂ;n:wa::;‘ Note that this was zlwa'r:am‘p\:'km 8% 15% 100% 100%
normalize differences in how evacuation zones were delineated across the state. 2% 5% 5% 7%
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Figure 37 Monmouth County Evacuation Zones and Participation Rates
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NEW YORK
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Morris

New Jersey Evacuation Zones

Passaic County
Evacuation Zone Impacted by Storm Surge
Hurricane Intensity

I Category 1 Category 1 Category 3
Category 2 Category 2 Category 4
Category 3 :] County Boundary

[ Category 4

= Hurricane Evacuation Routes

-+ 00

- :w.,_..w
Due (0 the hmnlauoﬂs of R!ePM some. svacuauon l(st nave n combined to represent areas ordered
cuate based on storm surge inundation by hurricane intensity. Note that this was also completed to
nmm:llxo differences in how evacuation zones were delineated across the state.

Limited Exposure During a
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Storm Intensity

Evacuation Zones

(A1,A2)
(A1,A2)
(A1,A2)
(A1,A2)
(B,C,D,ELEF, G

I Medium SZ Participation Rates

Evacuation zones

B,C,D,E,F,G

Catl Cat2 Cat3 Cat4
6% 12% 19% 21%
2% 5% 5% 7%

Medium EZ Participation Rates

Evacuation zones

B,C,D,E,F,G

Catl Cat2 Cat3 Cat4
25% 30% 39% 44%
2% 5% 5% 7%

High EZ Participation Rates

Evacuation zones

B,C,D,E,F,G

Catl Cat2 Cat3 Cat4
100% 100% 100% 100%
2% 5% 5% 7%

Figure3-8 Passaic County Evacuation Zones d&alticipation Rates
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New Jersey Evacuation Zones
Somerset County

Evacuation Zone Impacted by Storm Surge

Hurricane Intensity

[ Category 1 Category 1 Category 3
Category 2 Category 2 Category 4
Category 3 E County Boundary

[ Category 4

Hurricane Evacuation Routes Middlesex
Limited Exposure During a
Category 4 Event

Inland

mtis o --:”-"."

FF_MAe@
0 2 4 O arct

Due o the imiations of RtePM, some evacustion zones have been combined to represent areas ordered
to evacuate based on storm surge inundation by hurricane intensity. Note that this was also completed to
nomalize diff zones across the state.

Storm Intensity

Evacuation Zones

Medium SZ Participation Rates

Evacuation zones

Catl Cat2 Cat3 Cat4

Al
A2,B,C,D

3% 6% 8% 10%
2% 5% 5% 7%

Medium EZ Participation Rates

Evacuation zones

Catl Cat2 Cat3 Catéd

Al
A2,B,C,D

8% 15% 30%  30%
2% 5% 5% 7%

High EZ Participation Rates

Evacuation zones

Catl Cat2 Cat3 Cat4

Al
A2,B,C,D

8% 15%  100% 100%
2% 5% 5% 7%

Figure 39 Somerset County Evacuation Zones and Participation Rates
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Morris

)
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Somerset

New Jersey Evacuation Zones

Union County
Storm Surge

Evacuation Zone Impacted by Middl
Hurricane Intensity G i & 5 : 39X NEW YORK CITY
[ Category 1 ategory ategory

Category 2 Category 2 Category 4

Category 3 [ county Boundary

C.alegcry b Hurricane Evacuation Routes

Limited Exposure During a

Category 4 Event e

Inland 8 e 6

miies  Sidumear  FEMA
Priacopa Busts

0 2
Due to the limitations of RtePM, some evacuation zones have been combined to represent areas ordered
to evacuate based on storm surge inundation by hurricane intensity. Note that this was also completed to

normalize differences in how evacuation zones were elineated across the state.

Storm Intensity

Evacuation Zones

(A,B)

(A, B)

(A,B),C

(A,B), C

(D1, D2, D3, E, F1, F2, G1, G2)

Medium SZ Participation Rates

Evacuation zones

Catl

Cat2 Cat3 Cat4

D,EF,G

11%
4%
2%

19% 30% 32%
7% 11% 13%
5% 5% 7%

Medium EZ Participation Rates

Evacuation zones

Catl

Cat2 Cat3 Cat4

25%
8%
2%

30% 39% 44%
15% 30% 30%
5% 5% 7%

High EZ Participation Rates

Evacuation zones

D,E,F,G

Catl Cat2 Cat3 Cat4
100% 100% 100% 100%
8% 15%  100% 100%

2% 5% 5% 7%

Figure 310 Union County Evacuation Zones and Participation Rates

3.25 SummaryParticipation RateMaps for SouthernNew JerseyCounties

The following figures (Figure 3-11 through Figure 3-18) are summary graphics for thesouthern

counties in alphabetical order.Each map shows the evacuation zong€Zone A, B, C, etc.) compared

to the storm surge inundation area (gray). The coloration of the evacuation zone withthe table

in the top right of each figure shows the hurricane intensity assignment and grouping based on the
storm surge inundation area (these shapes were later inputted into the RtePM transportation

model). The three tables outline the participation rates applied to the evacuation mes: the top

table shows the Medium Surge Zone (SZ) participation rate (i.e., based on the percent of the
population impacted by storm surge inundation), the middle table shows the Medium Evacuation

Zone (EZ) participation rate, and the bottom table showshe High Evacuation Zone (EZ)
participation rate. Gray cellsindicate shadow evacueesTheparticipation rates were alsoused for

the Shelter Analysis described in Sectior.0.
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New Jersey Evacuation Zones
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Figue 3-12 Burlington County Evacuation Zones and Participation Rates
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Dua o the mdatons of RigPH. some evacustion zones have besn combined o represent areas ordered
based on storm surge inundation by hurricane intensity. Note that this was also completed to
zones across the state.
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Medium SZ Participation Rates
Evacuation zones |Cat1 Cat2 Cat3 Cat4

13% 23%  35% 39%
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Medium EZ Participation Rates
Evacuationzones |Cat1l Cat2 Cat3 Cat4

40% 48% 60% 64%
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New Jersey Evacuation Zones
Cape May County

Evacuation Zone Impacted by Storm Surge
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S y Hurricane Evacuation Routes
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Inland e 6
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Due of RtePM have been combined to represent areas ordered

to evacuate based on storm surge inundation by hurricane intensity. Note that this was also completed to
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Atlantic

Atlantic Bay

. Evacuation Zones
Storm Intensity

Medium SZ Participation Rates
Evacuationzones |Cat1 Cat2 Cat3 Cat4
37%  45% @ 58%  61%
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Medium EZ Participation Rates
Evacuationzones |Cat1 Cat2 Cat3 Cat4
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High EZ Participation Rates
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Figure3-14 Cape May County Evacuation Zones dpafticipation Rates
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EvacuationZones

Medium SZ Participation Rates

Evacuation zones |Cat 1

Cat2 Cat3 Cat4

21%
2%

32% @ 46% @ 49%
5% 5% 8%

Medium EZ Participation Rates

Evacuation zones |Cat 1

Cat2 Cat3 Cat4d
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100%
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Figure 315 Cumberland Count§vacuation Zones and Participation Rates

Figure 316 Gloucester County Evacuation Zones and Participation Rates
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https://www1.nyc.gov/assets/planning/download/pdf/planning-level/nyc-population/projections_report_2010_2040.pdf
https://www1.nyc.gov/assets/planning/download/pdf/planning-level/nyc-population/projections_report_2010_2040.pdf












http://www.njeda.com/web/pdf/STTSReport.pdf
https://www.sjtpo.org/wp-content/uploads/2021/01/Transportation-Matters-Appendices.pdf
https://www.sjtpo.org/wp-content/uploads/2021/01/Transportation-Matters-Appendices.pdf
https://www.co.monmouth.nj.us/documents/24/Coastal%20Pop%20Study%20Report.pdf







































































































































































































































































































