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hundred additional simulations were run to ensure RtePM ran error-free and to test the sensitivity 

of different variables and scenarios.  

The Transportation Analysis summarizes the assumptions, evacuation scenarios, and evacuation 

clearance time results, including scenarios with New York City  (NYC) evacuees and scenarios in NJ 

with contraflow operations. The results from  the NJHES Re-Study do not supersede and do not 

dictate any changes to the existing New York State or New York City Hurricane Evacuation 

Studies . The RtePM simulations only updated the clearance time results for the NJHES Re-Study.  

Seventeen NJ counties are affected by storm surge and are part of the NJHES Re-Study. The counties 

were divided into the northern and southern regions. A new behavioral survey and analysis were 

conducted after Hurricane Sandy using surge zones (i.e., hurricane intensity). USACE released the 

New Jersey Hurricane Evacuation Behavioral Survey (NJ HEBS) Data Report in 2017. The data from 

the 2017 NJ HEBS report was used as a basis to determine the evacuation participation rates and 

other behavioral factors. The evacuation participation rates were then used to determine the total 

evacuating population for the Transportation Analysis scenarios. Three categories of rates were 

used: 

1. Evacuation participation rate applied to the population who reside in the surge zone,  

2. Evacuation participation rate applied to the population who reside in the evacuation zone, 

3. 100% evacuation participation rate applied to the population who reside in the evacuation 

zone. 

Evacuation scenarios were developed to model evacuation in RtePM. The three categories of 

evacuation participation rates were applied to the populations in the study area to determine the 

number of people participating in an evacuation. Table ES-1 summarizes the ranges in clearance 

times for the NJHES Re-Study. Appendix D summarizes the inputs and results for the evacuation 

scenarios. 

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

 Evacuation Participation 

Rate Applied to 

Population within  

Surge Zone 

(Least Conservative) 

Evacuation Participation 

Rate Applied to 

Population within 

Evacuation Zone 

100% Evacuation 

Participation Rate 

Applied to Population 

within Evacuation Zone 

(Most Conservative) 

All Coastal Counties2 31-41 hours 37-46 hours 49-59 hours 

Northern Counties 19-28 hours 19-28 hours 24-42 hours 

Southern Counties 25-41 hours 28-46 hours 35-52 hours 

 

Several dozen evacuation scenarios evaluated the impact of contraflow operations (i.e., lane 

reversals). Improvements to evacuation clearance times when contraflow was employed were 

moderate based on transportation modeling results (up to 11 hours of clearance time improvement 

for some scenarios). Thus, given the planning and operational efforts, the detailed plans in place 

 

2 The Coastal Counties scenarios provided statewide evacuation scenarios modeled for Category 4 storms only. 
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completed by NJDOT, and the time and cost related to contraflow operations, it was recommended 

that the State of New Jersey continue to study and refine contraflow options and implementation.  

The statewide and northern counties scenarios included NYC evacuees. Only a portion of the NYC 

evacuees traveled to NJ. The behavioral assumptions from the New York State/NYC HES were used 

and several approximations were made to account for this additional influx into NJ. The clearance 

time results showed minimal impact (0-2 hours) on the clearance time for the NJHES Re-Study due 

to how quickly the NYC population was set to respond to an evacuation order. The 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 evacuation of a progression of zones (Zone A, Zone A+B, Zone A+B+C, etc.). 

The results of the county-specific sensitivity scenarios were included in Appendix E. 

The NJHES Re-Study was one of the first studies to utilize RtePM. It has contributed to 

improvements in the development of RtePM and continued progress in evacuation modeling and 

disaster planning. In particular, the size and scale of the NJHES Re-Study study area required the 

study team to work closely with the software developers. The benefit of leveraging RtePM is its 

ability to test many different evacuation scenarios, which makes this macro-scale model a useful 

tool in the development of HESs. The results and information 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.
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1.0 Introduction 

1.1 Background and Study Area 
The goal of the HES was to provide support to state and 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 (HES) in partnership with the Federal 

Emergency Management Agency (FEMA) and the National Oceanic and Atmospheric 

Administration  (NOAA), specifically the National Hurricane Center (NHC), which is part of the 

National Weather Service (NWS). These studies include different analyses: Hazard, Vulnerability,  

Behavioral, Shelter, and Transportation. The ultimate output of NJHES Re-Study is to determine 

clearance times, which represent the time it takes to clear the roadway of all evacuating vehicles, 

measured from the moment the evacuation order is issued until the time when the final evacuating 

vehicle reaches its point of safety. 

Real Time Evacuation Planning Model (RtePM) was the tool of choice for several HESs for use in 

the Transportation Analysis. RtePM is a high-level, simulation-based traffic model designed to 

capture traffic impacts along regional highway networks to calculate evacuation clearance times. 

The primary outputs from RtePM were the clearance times and the overall evacuation flow. RtePM 

was not designed to model the exact traffic flow over time. 

Demographic data used in the analysis of the vulnerable population were collected and organized 

in such a way to allow for direct integration into RtePM. Data related to shelter capacities and 

demand was brought into the RtePM model during the Transportation Analysis to model the 

movement of evacuees.  

For the NJHES Re-Study, the 17 counties vulnerable to storm surge were divided into two regions: 

Northern Counties and Southern Counties (Figure 1-1):  

Northern Counties  

Á Bergen County 

Á Essex County 

Á Hudson County 

Á Mercer County 

Á Middlesex County 

Á Monmouth County 

Á Passaic County 

Á Somerset County 

Á Union County 

Southern Counties  

Á Atlantic County 

Á Burlington County 

Á Camden County 

Á Cape May County 

Á Cumberland County 

Á Gloucester County 

Á Ocean County 

Á Salem County 
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Figure 1-1 NJHES Re-Study Regional Map 
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1.1.1 Study Purpose 
The ultimate objective of the NJHES Re-Study was to calculate evacuation clearance times that can 

be used by emergency managers for emergency management planning related to tropical cyclone 

evacuations. This report describes the various methodologies used to complete the five analyses 

included in a HES: Hazard, Vulnerability, Behavioral, Shelter, and Transportation. With NJ having 

been severely impacted by recent major disasters, including Hurricane Sandy (2012) and 

Hurricane Irene (2011), there was an inherent need to update evacuation and operational planning 

data and processes. 

1.1.2 Funding 
FEMA funded this effort in coordination with the USACE Philadelphia District. Through the USACE 

Philadelphia District and USACE Coastal Planning Center of Expertise, Gahagan & Bryant 

Associates/CDM Smith were contracted for this task work order to conduct several support 

activities to determine the best available data to inform the Transportation Analysis, develop 

evacuation scenarios, assess transportation modeling results, and produce clearance times.  

1.1.3 Authority 
The authority for USACEȭs participation in the NJHES Re-Study was Section 206 of the Flood Control 

Act of 1960, as amended (Public Law 86-645). FEMAȭs participation was authorized by the Disaster 

Relief Act of 1974, as amended (Public Law 93-288). These laws authorized the allocation of federal 

resources for planning activities related to hurricane preparedness. 

1.2 HES Components  
1.2.1 General 
Since the last NJHES in 2010, NJ was severely impacted by several tropical cyclones. Updated storm 

surge modeling became available and resulted in an update of storm surge inundation maps and 

county-specific hurricane evacuation zones in 2016-2017. During this timeframe, behavioral 

surveys were also conducted to better understand NJ evacuation participation and behaviors 

during storm events. This data was combined with an analysis of shelter availability throughout 

the study area and then incorporated into the transportation modeling to determine clearance 

times for designated areas of risk throughout the state. 

1.2.2 Hazard Analysis 
The Hazard Analysis was completed in 2016, which developed updated storm surge inundation 

area maps using the best available data at that time. See Section 2.0 for discussion. 

1.2.3 Vulnerability Analysis 
The Vulnerability Analysis updated evacuation zones for the 17 counties in the study area using 

the storm surge inundation area maps developed during the Hazard Analysis. The evacuation zone 

development was completed in 2017 in coordination with FEMA, USACE, NJ Department of 

Transportation (NJDOT), NJ State Police (NJSP), and NJ Office of Emergency Management (NJOEM). 

A spatial analysis of critical infrastructure within evacuation zones was also developed and 

provided as reference data. See Section 2.0 for discussion. 
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1.2.4 Behavioral Analysis 
The Behavioral Analysis and behavioral assumptions predicted the anticipated response of the 

study area population to determine: 1) percent of the population expected to evacuate, 2) probable 

destinations of evacuees, 3) public shelter use, and 4) 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 the behavioral survey results and used as an input into the Shelter 

and Transportation Analyses. See Section 3.0 for discussion. 

1.2.5 Shelter Analysis 
The Shelter Analysis was a comprehensive inventory of public shelters, shelter capacities, shelter 

locations in comparison to storm surge inundation areas, and shelter demand for each county. See 

Section 4.0 for results and discussion. 

1.2.6 Transportation Analysis 
The Transportation Analysis computed the evacuation clearance times needed to conduct a safe 

and timely evacuation for a range of conditions. The Real Time Evacuation Planning Model (RtePM), 

a free, web-based transportation modeling tool with updated population and transportation 

network data sources was used to model the Transportation Analysis. See Section 5.0 for discussion 

and Section 6.0 for results. 

1.2.7 HURREVAC ς Decision Tools 
Evacuation clearance timetable spreadsheets were created in accordance with HURREVAC format. 

HURREVAC is a web-based decision support tool available from the National Hurricane Program, 

created specifically for use by government emergency managers. This tool tracks storms and uses 

HES-calculated clearance times, along with NHC forecast data, to help determine evacuation start 

times to completely evacuate an area before the arrival of tropical-storm-force winds. 
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2.0 Hazard and Vulnerability Analysis 

2.1 Storm Surge Inundation Areas 
During the NJHES Re-Study Hazard Analysis in 2016, storm surge inundation area maps were 

developed by USACE Philadelphia District based on the latest Sea, Lake, and Overland Surges from 

Hurricanes (SLOSH) model data available at that time. The SLOSH basins used for this study area 

were NY3 (New York) and DE3 (Delaware Bay)3. By leveraging SLOSH model outputs for the 

Maximum of the Maximum Envelopes of Water (MOM)4, digital elevation data, and GIS spatial 

analysis tools, storm surge inundation maps were developed which depicted the worst-case 

scenario storm surge inundation areas associated with Category 1, 2, 3, and 4 (Category 4 being the 

most severe for states in the northeastern coast of the U.S.) (Figure 2-1).  

 

 

Figure 2-1 Storm Surge Inundation Areas for the NJHES Re-Study 

 

3 In 2020, the Northeast (Ne1) SLOSH super basin was released, which provided updates to storm surge data in areas of 
the northeast U.S., including New Jersey. The Ne1 storm surge data was not used in developing the Hazards Analysis, 
evacuation zones, and scenarios during the study, as it was released after their completion. However, as the state and 
counties develop operational plans, they should familiarize themselves with the latest storm surge data when 
determining which evacuation zones to evacuate 

4 For a detailed definition of a MOM, please visit: https://www.nhc.noaa.gov/surge/ momOverview.php 

Storm Surge Inundation Area 

https://www.nhc.noaa.gov/surge/momOverview.php
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2.2 New Jersey Evacuation Zones  
During the 2017 NJHES Re-Study Vulnerability Analysis, hurricane evacuation zones were 

developed for each of the 17 counties in the study area through close coordination between USACE, 

FEMA, NJDOT, NJOEM, NJSP, and NJ county emergency managers. During the summer and fall of 

2017, the team held meetings with each county and used the latest SLOSH storm surge inundation 

mapping results developed during the Hazard Analysis to delineate evacuation zones.  

As a result of these meetings, there were 132 evacuation zones developed throughout the state, 

which included 7 letter zones (Zone A to Zone G) and between 3 to 17 evacuation shapes (A, A1, 

A2, B, B1, B2, etc.) for each county. Evacuation shapes provided an additional level of detail for 

evacuation zones. GIS shapefiles were developed for each countÙȭÓ ÅÖÁÃÕÁÔÉÏÎ ÚÏÎÅÓ and were 

overlayed with critical infrastructure datasets to better understand vulnerability within the study 

area5. The shapefiles were also uploaded to HURREVAC. NJDOT compiled meeting notes 

summarizing each county evacuation zone development meeting. These compiled meeting notes 

can be provided to stakeholders by the NHP, upon request6.  

In reviewing the evacuation zones for transportation modeling, the study team encountered 

several spatial inconsistencies due to a difference in methodology across counties that needed to 

be rectified for a consistent, regional approach applied in the Transportation Analysis. Figure 2-2 

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

how the evacuation shapes and evacuation zone development differed between NJ counties. 

 
Figure 2-2 Middlesex and Monmouth Counties Evacuation Zones 

 

5 Critical infrastructure layers (nursing homes, hospitals, police stations, and prisons) were 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 project supporting documents/ data. 
6 Personal communication with NJDOT. The National Hurricane Program can provide evacuation meeting minutes upon 
request by stakeholders, in coordination with NJDOT. 
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The following issues were encountered: 

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

Á Some evacuation zones were defined by shapes that were non-contiguous. For example, if 
Zone B was ordered to evacuate, some counties had multiple , disparate areas designated as 
Zone B (B1, B2, etc.). This resulted in the same lettered evacuation zones having different 
levels of impact from storm surge inundation of the same hurricane intensity. 

Á The behavioral study assumptions and data (Section 3.0) were limited to a particular 
hurricane intensity and did not tie behavioral responses to an evacuation zone. 

Á Several counties defined evacuation zones (Zone A to Zone G) that encompassed the entire 
county area, including all inland areas that were not impacted by storm surge. This was 
atypical if compared to other completed or ongoing HES but was an acceptable practice in 
defining evacuation zones. State and county emergency managers should define the 
evacuation zones as they see fit in their local disaster planning efforts (beyond flooding from 
hurricane impacts) for public communication. However, this methodology affected how 
available data were applied in the Behavioral Analysis and transportation modeling, as 
discussed in subsequent sections.  

Á Several counties defined evacuation zones for riverine 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 HESs. These areas were 
low-lying and at risk of flooding. However, based on the SLOSH modeling, they were not 
impacted by storm surge inundation and thus were not correlated directly to hurricane 
intensity.  

Therefore, the study team conducted the following analyses to determine a solution to develop a 

regional evacuation transportation modeling approach: 

Á In all instances, the study team maintained the originally defined evacuation zones. However, 
some evacuation shapes were merged for transportation modeling purposes.  

Á Due to differences in how evacuation orders were issued (i.e., which evacuation zone was 
ordered to evacuate) across counties, the study team conducted a GIS spatial analysis to 
determine the percent of land within each evacuation shape that was covered by Category 1 
through Category 4 storm surge inundation. The GIS spatial analysis removed areas of 
existing water bodies and wetlands from evacuation zones for this calculation. As a result of 
this exercise, storm surge inundation categories were assigned to evacuation zones.  

As an example, Table 2-1 shows the percent of storm surge inundation areas in the Cape May 

County evacuation zones. After existing water bodies and wetland areas were removed from Cape 

May evacuation zones, 68.94% of Category 1 storm surge inundation area was within Cape May 

Zone A, 6.29% was in Zone B, and 0.45% was in Zone C. Therefore, Zone A and B would evacuate in 

Category 1, while Zone C would evacuate in Category 2, where the percent of wet area (i.e., storm 

surge inundation area) within Zone C was 5.66%. The study team conducted this calculation for all 

17 counties and each evacuation zone. The threshold for initial categorization was between 1% to 

5% but was county-specific based on the storm surge inundation extent, detailed notation of 
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evacuation zone definition, and land use. Detailed maps for each county are located in Appendix A 

in addition to the calculations of storm surge inundation areas within the evacuation zone. 

Table 2-1 Example of Percent of Storm Surge Inundation Areas in Cape May Evacuation Zones 

 

Evacuation Zone 

Percent of Storm Surge Inundation Area within 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 encountered in preparation for the transportation 

modeling was a limitation on the number of files that could be imported into the RtePM graphical 

user interface. With the need to include NYC evacuation zones for large regional scenarios, 

evacuation zones were grouped to represent evacuation areas ordered to leave based on storm 

surge inundation and hurricane intensity. In total, 56 different evacuation areas were developed 

and used in the transportation modeling. This grouping was done for large, regional-scale 

evacuations where a consistent approach was necessary. 

Table 2-2 summarizes the grouping of evacuation zones based on storm surge inundation area and 

hurricane intensity. The table was developed to show how evacuation zones are called in a 

cumulative progression as hurricane intensity increases, (e.g., a Category 2 hurricane includes Zone 

B1 and C, in addition to Zone A in Bergen County). Local and state emergency managers should 

continue to coordinate and use the evacuation zones that were previously developed in 2017 to 

refine existing emergency operational plans. 

After reviewing the extents of storm surge inundation areas within the evacuation zones, the study 

team noted that Zone E1 in Bergen County; Zone F in Essex County; Zone F2 and Zone G2 in 

Middlesex County; and Zone F in Burlington County have limited storm surge inundation from a 

Category 4 hurricane as these areas were primarily  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 these risk areas (Appendix E). For 

the regional-scale scenarios (and due to the low exposure of the Category 4 storm surge 

inundation), these evacuation zones were considered Ȱinland areasȱ during the transportation 

modeling. 
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Table 2-2 NJ Counties Evacuation Zone Assignments+ 

Region County 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Inland Areas 

Northern 
Counties 

Bergen (B1, C) (B1, C), A (B1, C), A (B1, C), A (B2, D, E2, F, E1) 

Essex (A, B) (A, B) (A, B) (A, B) (C, D, E, G, F) 

Hudson (A, B, C) (A, B, C), D 
(A, B, C), D, 

E 
(A, B, C), D, 

E, (F, G) 
 

Mercer  B B B, A (C, D, E, F, G) 

Middlesex 
(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 
(D2, F1, G3, F2, G2) 

Monmouth A A, B A, B, C A, B, C, D (E, F) 

Passaic (A1, A2) (A1, A2) (A1, A2) (A1, A2) (B, C, D, E1, E2, F, G) 

Somerset   A1 A1 (A2, B1, B2, C, D) 

Union (A, B) (A, B) (A, B), C (A, B), C 
(D1, D2, D3, E, F1, F2, 

G1, G2) 

Southern 
Counties 

Atlantic (A), (B, C2), (D) 
(A), (B, C2), 

(D) 
(A), (B, C2), 
(D), C1, E, F 

(A), (B, C2), 
(D), C1, E, F 

 

Burlington A, B A, B 
A, B, (C, D, 

E) 
A, B, (C, D, 

E) 
(G, F) 

Camden 
(A, B1, B2, C1, 

C2, C3) 

(A, B1, B2, 
C1, C2, C3), 
(D1, D2, D3, 

D4, D5) 

(A, B1, B2, 
C1, C2, C3), 
(D1, D2, D3, 

D4, D5) 

(A, B1, B2, 
C1, C2, C3), 
(D1, D2, D3, 

D4, D5) 

(E, F) 

Cape May A, B A, B, C A, B, C A, B, C  

Cumberland A A A A (B, C) 

Gloucester (A, B) (A, B) (A, B), (C, D) (A, B), (C, D)  

Ocean 
(A1, A2, A3, A4, 

A5, A6, A7),  
(B1, C1, C4, C5) 

(A1, A2, A3, 
A4, A5, A6, 

A7),  
(B1, C1, C4, 
C5), (B2, B3, 

C2, C3) 

(A1, A2, A3, 
A4, A5, A6, 

A7),  
(B1, C1, C4, 
C5), (B2, B3, 

C2, C3) 

(A1, A2, A3, 
A4, A5, A6, 

A7),  
(B1, C1, C4, 
C5), (B2, B3, 

C2, C3) 

(D, E) 

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 resulted in 56 different 

evacuation areas (including NYC) for transportation modeling. This grouping was done for large, regional-scale evacuations where a consistent approach 

was necessary. 

+ The table was developed to show how evacuation zones are called in a cumulative progression as hurricane intensity increases, (e.g., a Category 2 

hurricane includes Zone B1 and C, in addition to Zone A in Bergen County). 

 

Figure 2-3 and Figure 2-4 show the NJ evacuation zones by hurricane intensity and region. The 

figures include the zones that were listed as "limited exposure during a Category 4 event." Figure 

2-5 shows the evacuation zones modeled during the Transportation Analysis for the 17 NJ coastal 

counties.  
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Figure 2-3 Northern Counties Evacuation Zones 
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Figure 2-4 Southern Counties Evacuation Zones 
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Figure 2-5 Evacuation Zones Modeled in RtePM for the Study Area 
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2.3 New York City Evacuation Zones  
The effect of evacuees from New York City was also evaluated as part of the regional and statewide 

scenarios. New York City (NYC) has five boroughs: Brooklyn, Bronx, Manhattan, Queens, and Staten 

Island (Figure  2-6). Counties east of NYC (Nassau and Suffolk Counties) were not included in the 

Transportation Analysis since the NJHES Re-Study focused primarily on the impact of NYC 

evacuees on the NJ transportation network. 

  

Figure 2-6 New York City Boroughs 

In coordination with USACE New York District and the NYC Office of Emergency Management, NYC 

evacuation zones were provided to the study team. The July 2015 New York State (NYS) Hurricane 

Evacuation Study: New York City Analysis7 (2015 NYSNYCHES), Appendix 2.1 of the NYC Analysis 

HES, and Chapter 6 Transportation Analysis from the 2009 New York State Hurricane Evacuation 

Study Technical Data8 report was used as references for NYC-related information. The NYC 

 

7 FEMA, July 2015. Ȱ.Å× 9ÏÒË 3ÔÁÔÅ (ÕÒÒÉÃÁÎÅ %ÖÁÃÕÁÔÉÏÎ 3ÔÕÄÙ 4ÅÃÈÎÉÃÁÌ 2ÅÐÏÒÔȡ .Å× 9ÏÒË #ÉÔÙ !ÎÁÌÙÓÅÓȟȱ for U.S. Army Corps 
of Engineers, New York State Office of Emergency Management, New York City Emergency Management. 

8 FEMA, April 2009. Ȱ.Å× 9ÏÒË 3ÔÁÔÅ (ÕÒÒÉÃÁÎÅ %ÖÁÃÕÁÔÉÏÎ 3ÔÕÄÙ 4ÅÃÈÎÉÃÁÌ Data Report for New York City, Nassau, Suffolk, and 
Westchester Counties: Chapter 6ȟȱ 5Ȣ3Ȣ !ÒÍÙ #ÏÒÐÓ ÏÆ %ÎÇÉÎÅÅÒÓȟ .Å× 9ÏÒË 3ÔÁÔÅ /ÆÆÉÃÅ ÏÆ %ÍÅÒÇÅÎÃÙ -ÁÎÁÇÅÍÅÎÔȟ .Å× 9ÏÒË 
City Emergency Management. 
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boroughs have six evacuation zones (Zone 1, 2, 3, 4, 5, and 6). The following characterization  of 

evacuation zones  in Figure 2 -7 was solely for alignment with the NJHES Re-Study and did not 

dictate any changes to the existing NYS/NYC HESs. The 2015 NYSNYCHES was the primary 

source of evacuating information for NYS and NYC. NYC Zones 1 and 2 aligned with an 

evacuation for a Category 1 storm; NYC Zones 3 and 4 aligned with an evacuation for a Category 2 

storm; NYC Zone 5 aligned with an evacuation in a Category 3 storm; and NYC Zone 6 aligned with 

an evacuation for a Category 4 storm. The NYC evacuation zones were grouped based on hurricane 

intensity for the NJHES Re-Study. 

  

Figure 2-7 Evacuation Zones Modeled in RtePM for New York City 
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3.0 Behavioral Analysis 

3.1 Purpose 
The purpose of this section is to document the development and resulting behavioral assumptions 

that were used to model evacuating traffic within the RtePM modeling interface. Behavioral 

assumptions were a critical element in hurricane evacuation modeling because they identif ied the 

populationsɂand subsequent behaviorsɂthat respond to an evacuation order.  

The three primary  resources reviewed for behavioral data were the 2017 New Jersey Hurricane 

Evacuation Behavioral Analysis Recommendations for Planning Assumptions9, 2017 New Jersey 

Hurricane Evacuation Behavioral Survey Data Report10 (2017 NJ HEBS Report), and the 2007 New 

Jersey Hurricane Evacuation Study Transportation Analysis11. The 2017 NJ HEBS Report provided 

the most recent and useful behavioral data and was used for the NJHES Re-Study Transportation 

Analysis.  

There were four primary  behavioral parameters used in the NJHES Re-Study: participation rates, 

response curves, vehicle usage rates, and destination rates.  

Á Participation rates identif ied the percent of the population participating in an evacuation 
according to the hurric ane intensity which was only applicable to the NJHES Re-Study. 

¶ Shadow evacuees, individuals who were not ordered to evacuate but leave as a result of 

a perceived threat, were accounted for in NJHES Re-Study participation rates.  

Á Response curves depicted the amount of time (in hours) evacuees take to respond to an 
evacuation order and enter the transportation network.  

Á Vehicle usage rates were related to the proportion of vehicles available to the evacuating 
household from each zone used during an evacuation order.  

Á Destination rates represented the proportion of the population traveling to different points 
of safety.  

Á Public shelter usage rates were a sub-component of the destination rates and represented 
the proportion of evacuees who travel to shelters as their point of safety.  

¶ The other destination rate evaluated is the endpoint assignment12, which represents 

regional destination flows as the number of evacuees typically traveling north  or west 

towards a point of safety. 

 

9 %ÁÒÌ *Ȣ "ÁËÅÒȟ (ÁÚÁÒÄÓ -ÁÎÁÇÅÍÅÎÔ 'ÒÏÕÐȟ )ÎÃȢȟ *ÕÌÙ ςπρχȢ ȰNew Jersey Hurricane Evacuation Behavioral Analysis 
Recommendations for Planning Assumptionsȟȱ ÆÏÒ 53!#% 0ÈÉÌÁÄÅÌÐÈÉÁ $ÉÓÔÒÉÃÔȢ 
10 %ÁÒÌ *Ȣ "ÁËÅÒȟ (ÁÚÁÒÄÓ -ÁÎÁÇÅÍÅÎÔ 'ÒÏÕÐȟ )ÎÃȢȟ *ÕÌÙ ςπρχȢ Ȱ.Å× *ÅÒÓÅÙ (ÕÒÒÉÃÁÎÅ %ÖÁÃÕÁÔÉÏÎ "ÅÈÁÖÉÏÒÁÌ 3ÕÒÖÅÙ $ÁÔÁ 2ÅÐÏÒÔȟȱ 
for USACE Philadelphia District. 
11 PBS&Jȟ *ÕÎÅ ςππχȢ ȰNew Jersey Hurricane Evacuation Study Transportation Analysisȟȱ ÆÏÒ 53!#% 0ÈÉÌÁÄÅÌÐÈÉÁ $ÉÓÔÒÉÃÔȢ 
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 to one of the active endpoints on the network. 
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The RtePM interface allowed 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 on recent behavioral survey data and data requirements of RtePM.  

Limited by the resolution of available behavioral data, behavioral assumptions developed for the 

NJHES Re-Study Transportation Analysis were regional or state-wide and not county-specific. The 

2017 NJ HEBS Report grouped the areas into two regions: northern counties and southern counties. 

The Behavioral Analysis was based on 2,000 telephone survey interviews from storm surge 

vulnerable counties (1,000 in Northern NJ and 1,000 in Southern NJ). 40% of respondents were 

located in the Category 1 storm surge inundation areas, 20% in the Category 2 storm surge 

inundation areas, 20% in the Category 3 and 4 storm surge inundation areas, and 20% in the inland 

areas of coastal counties. The 2017 NJ HEBS Report incorporated questions and responses related 

to Hurricane Irene and Hurricane Sandy. 

3.2 Evacuation Participation Rates 
Evacuation participation rates used in the transportation modeling were developed using 

information from the 2017 NJ HEBS Report for both the northern and southern counties. The study 

reported various surveyed behaviors by storm surge inundation area for the entire coastal area 

under assessment, including:  

Á Overall evacuation participation rates,  

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

county), 

Á Percent of available vehicles used,  

Á Public shelter use rates, and 

Á Evacuation timing curves for planning (response curve). 

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

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

Ȱsurge zoneȱ in the 2017 HEBS Report13) ÁÎÄ ȰÉÎÌÁÎÄ ÏÆ ÓÕÒÇÅȱ ÆÏÒ ÂÏÔÈ .* Òegions. The 2017 NJ 

HEBS Report used ÔÈÅ ÔÅÒÍÉÎÏÌÏÇÙ ȰÓÔÏÒÍ threat scenarioȱ ÉÎÓÔÅÁÄ ÏÆ ȰÈÕÒÒÉÃÁÎÅ ÉÎÔÅÎÓÉÔÙȱ to 

identify these areas. Table 3-1 shows the participation rates identified in the 2017 NJ HEBS Report 

by region.  

 

13 4ÈÅ ÔÅÒÍÓ ȰÓÔÏÒÍ ÓÕÒÇÅ ÉÎÕÎÄÁÔÉÏÎ ÁÒÅÁȱ/ȰÓÔÏÒÍ ÓÕÒÇÅ ÚÏÎÅ,ȱ ȰÉÎÌÁÎÄ ÁÒÅÁÓȱȾȰÉÎÌÁÎÄ ÏÆ ÓÕÒÇÅ,ȱ and ȰÈÕÒÒÉÃÁÎÅ 
ÉÎÔÅÎÓÉÔÙȱȾȱÓÔÏÒÍ ÔÈÒÅÁÔ ÓÃÅÎÁÒÉÏȱ are used interchangeably in this report. The latter terms were used to behavioral 
reference data per the 2017 NJ HEBS report. 
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Table 3-1 Participation Rates from the 2017 NJ HEBS Report 

Northern NJ 

Evacuation Rate (%) 
Scenario 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 45% 55% 70% 80% 

Category 2 Surge Zone 25% 50% 65% 75% 

Category 3+4 Surge Zone 15% 30% 60% 60% 

Inland of Surge 5% 10% 10% 15% 

 

Southern NJ 

Evacuation Rate (%) 
Scenario 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 50% 60% 75% 80% 

Category 2 Surge Zone 35% 50% 70% 75% 

Category 3+4 Surge Zone 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 out-of-county in the model) or a public shelter. 

RtePM does not distinguish or account for in-ÃÏÕÎÔÙ ÍÏÖÅÍÅÎÔÓ ÓÕÃÈ ÁÓ ÇÏÉÎÇ ÔÏ Á ÆÁÍÉÌÙȾÆÒÉÅÎÄȭÓ 

house. Therefore, evacuation participation rates (including for shadow evacuees as shown in Table 

3-1) were modified to reflect the potential over-estimation of participating population. Table 3-2 

shows the out-of-county trip rates identified in the 2017 NJ HEBS Report by region. 

Table 3-2 Out-of-County Trip Rates from 2017 NJ HEBS Report 

Northern NJ 

Evacuation Rate (%) 
Scenario 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 55% 55% 55% 55% 

Category 2 Surge Zone 50% 50% 50% 50% 

Category 3+4 Surge Zone 50% 50% 50% 50% 

Inland of Surge 50% 50% 50% 50% 
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Table 3-2 Out-of-/ƻǳƴǘȅ ¢ǊƛǇ wŀǘŜǎ ŦǊƻƳ нлмт bW I9.{ wŜǇƻǊǘ όŎƻƴǘΩŘύ 

Southern NJ 

Evacuation Rate (%) 
Scenario 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 80% 80% 80% 80% 

Category 2 Surge Zone 70% 70% 70% 70% 

Category 3+4 Surge Zone 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. These participation rates were used to determine the final evacuation zone participation 

rates for both northern and southern counties. The values for surge zone areas and inland areas 

are reported in Table 3-3, which shows the out-of-county evacuation participation rates by region. 

This table also has grayed cells indicating shadow evacuees (as discussed in Section 3.2.1). In the 

remainder of this report, the out -of-county evacuation participation rates will be simply 

ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÔÈÅ ȰÅÖÁÃÕÁÔÉÏÎ ÐÁÒÔÉÃÉÐÁÔÉÏÎ ÒÁÔÅȢȱ 

Table 3-3 Out-of-County Evacuation Participation Rates 

Northern NJ 

Participation Rate (%) 
Scenario 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 25% 30% 39% 44% 

Category 2 Surge Zone 13% 25% 33% 38% 

Category 3+4 Surge Zone 8% 15% 30% 30% 

Inland of Surge*  2% 5% 5% 7% 
 

Southern NJ 

Participation Rate (%) 
Scenario 

Surge Zone 
Category 1 
Hurricane 

Category 2 

Hurricane 

Category 3 
Hurricane 

Category 4 

Hurricane 

Category 1 Surge Zone 40% 48% 60% 64% 

Category 2 Surge Zone 25% 35% 49% 53% 

Category 3+4 Surge Zone 9% 21% 36% 39% 

Inland of Surge*  2% 5% 5% 8% 
*Note: the values in the Northern and Southern NJ tables were rounded to the nearest integer for display only in this table except for ȰÉÎÌÁÎÄ ÏÆ ÓÕÒÇÅȟȱ 

which was rounded down (see discussion about shadow evacuees in Section 3.2.1). The subsequent calculations using participation rates were 

maintained with precision throughout the process until the rates were inputted to RtePM. 

3.2.1 Shadow Evacuees 
Shadow evacuees were also summarized in the 2017 NJ HEBS Report. If 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, may perceive a threat from potential 

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 
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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 Section 

2.2) also impacted the approach of incorporating shadow evacuees. The participation rates were 

applied as described in the previous sections. The evacuation zone assignment to a hurricane 

intensity (Table 2-2) was used to determine which zones would be ordered to evacuate during a 

hurricane incident, and which zones would have a percent of shadow evacuees. Table 3-4 

describes the shadow evacuee response by hurricane intensity.  

Table 3-4 Shadow Evacuee Designation by Hurricane Intensity 

Hurricane 
Intensity 

Hurricane Intensity Assignment to 
Evacuation Zone 

(i.e., Based on Evacuation Order) 
Shadow Evacuees from the Following Areas 

Category 1 Category 1  Category 2, 3, and 4 Surge Zones and Inland Areas 

Category 2 Category 1 and 2  Category 3 and 4 Surge Zones and Inland Areas 

Category 3 Category 1, 2 and 3  Category 4 Surge Zone and Inland Areas 

Category 4 Category 1, 2, 3, and 4 Inland Areas 

 

Through an additional review of the evacuation zones, evacuation participation rates, and the 2017 

NJ HEBS Report, it was noted that inland areas were also inconsistently defined. Due to the extent 

of the inland areas in evacuation zones, the location of dense population centers, and a comparison 

to the total evacuating population, the 2017 NJ HEBS shadow evacuee participation rates for only 

inland area evacuees were rounded down to the nearest integer for the transportation modeling 

efforts. 

3.2.2 Development of High Evacuation Zone, Medium Evacuation Zone, and 
Medium Surge Zone Evacuation Participation Rates 
Section 2.0 summarized the process used for assigning a hurricane intensity to an evacuation zone 

based on the extent of storm surge inundation within the evacuation zone. Since the 2017 NJ HEBS 

Report summarized participation rates by storm surge inundation, the study team identified the 

following issues: 

Á In neighboring counties, due to differences in how zones were defined and then assigned by 
hurricane intensity, the participation rate (if applied directly) created a discrepancy in the 
percent of population evacuating in each zone. 

Á In several counties, evacuation zones covered areas that were much greater than 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 individuals decided 
to evacuate due to the onset of tropical storm-force winds.  
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To resolve these issues and to provide a spectrum of participation rates  for decision-making and 

RtePM modeling scenarios, the study team applied the following approach: 

Á High evacuation participation rates of 100% were applied to the entire population within the 
ordered evacuation zones. This is a typical evacuation planning approach and has been 
applied in other recent HESs. These were the maximum evacuation rates (considered worst-
case) and were referred to as High Evacuation Zone (EZ) participation rates. 

Á Evacuation participation rates from the NJ HEBS Report (Table 3-3) were applied to the 
entire population within the ordered evacuation zones. These were referred to as Medium 
Evacuation Zone (EZ) participation rates. 

Á Lastly, to specifically address the portion of the population at risk of storm surge flooding 
within evacuation zones, evacuation participation rates from the NJ HEBS Report (Table 3-
3) were applied to only the population at risk of flooding from storm surge within the 
evacuation zones. This method leveraged the RtePM US Census block group data and storm 
surge inundation areas developed during the Hazard Analysis. These rates were referred to 
as Medium Surge Zone (SZ) participation rates. 

Although the Medium SZ rates generally produced the smallest evacuating populations, the term 

"low," with respect to evacuation participation rates, was deliberately avoided as it implied a lower 

rate number than medium and that it was uniformly applied. In other HESs, a low rate was 

consistently much lower than the medium rate. This was not the case for the Medium Surge Zone 

(SZ) rate, which varied depending on the extent of the inundation, the population affected by 

flooding, and the extent of the evacuation zone. The Medium SZ participation rate was a direct 

translation of the 2017 NJ HEBS Report and application of the behavioral assumptions to 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 NJHES Re-Study for the 

northern and southern counties and used in the RtePM transportation modeling efforts. The 

medium evacuation participation rates for shadow evacuees were also applied to the High EZ 

shadow evacuee participation rates. The RtePM interface requires an integer percent for the 

evacuation participation rate. Grayed cells indicate the percent participation of shadow evacuees. 
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Table 3-5 Medium Evacuation Participation Rates by Hurricane Intensity 

Northern NJ 

Evacuation Rate (%) 
Hurricane Intensity 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 25% 30% 39% 44% 

Category 2 Surge Zone 13% 25% 33% 38% 

Category 3+4 Surge Zone 8% 15% 30% 30% 

Inland of Surge*  2% 5% 5% 7% 

 

Southern NJ 

Evacuation Rate (%) 
Hurricane Intensity 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 40% 48% 60% 64% 

Category 2 Surge Zone 25% 35% 49% 53% 

Category 3+4 Surge Zone 9% 21% 36% 39% 

Inland of Surge*  2% 5% 5% 8% 
*Note: the values in the Northern and Southern NJ tables were rounded to the nearest integer for display only ÉÎ ÔÈÉÓ ÔÁÂÌÅ ÅØÃÅÐÔ ÆÏÒ ȰÉÎÌÁÎÄ ÏÆ ÓÕÒÇÅȟȱ 

which were rounded down (see discussion about shadow evacuees in Section 3.2.1). The subsequent calculations using participation rates were maintained 

wi th precision throughout the process until the rates were inputted to RtePM. 

Table 3-6 High Evacuation Participation Rates by Hurricane Intensity 

Northern NJ 

Evacuation Rate (%) 
Hurricane Intensity 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 100% 100% 100% 100% 

Category 2 Surge Zone 13% 100% 100% 100% 

Category 3+4 Surge Zone 8% 15% 100% 100% 

Inland of Surge*  2% 5% 5% 7% 

 

Southern NJ 

Evacuation Rate (%) 
Hurricane Intensity 

Surge Zone 
Category 1 
Hurricane 

Category 2 
Hurricane 

Category 3 
Hurricane 

Category 4 
Hurricane 

Category 1 Surge Zone 100% 100% 100% 100% 

Category 2 Surge Zone 25% 100% 100% 100% 

Category 3+4 Surge Zone 9% 21% 100% 100% 

Inland of Surge*  2% 5% 5% 8% 
*Note: the values in the Northern and Southern NJ tables were rounded to the nearest integer for display only ÉÎ ÔÈÉÓ ÔÁÂÌÅ ÅØÃÅÐÔ ÆÏÒ ȰÉÎÌÁÎÄ ÏÆ ÓÕÒÇÅȟȱ 

which were rounded down (see discussion about shadow evacuees in Section 3.2.1). The subsequent calculations using participation rates were maintained 

with precision throughout the process until the rates were inputted to RtePM. 

3.2.3 Comparison of Medium Evacuation Participation Rates (EZ versus SZ) 
The 2017 NJ HEBS Report behavioral surveys were conducted on populations located inside storm 

surge inundation areas and were summarized by hurricane intensity. However, the RtePM 

modeling effort and Transportation Analysis required inputs that were based on evacuation zones 
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and not storm surge inundation areas. Using the storm surge inundation areas in RtePM would 

defeat the purpose of the evacuation zones, which was why additional calculations were 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 SZ rates for Middlesex County. 

 

Figure 3-1 Graphical Comparison between Medium SZ to Medium EZ Participation Rates 
 

Table 3-7 shows an example of the participation rates calculation for Bergen County. The first 

column, Ȱhurricane intensityȟȱ is the assignment based on the area of the evacuation zone that was 

inundated from storm surge as discussed in Section 2.2. The second column, Ȱevacuation zonesȟȱ 

lists the evacuation zone shape and any grouping that occurred. The third column, Ȱsurge zonesȟȱ 

lists the categorization of the hurricane intensity within the evacuation zone. The fourth column, 

Ȱςπςπ 0ÏÐÕÌÁÔÉÏÎ,ȱ shows the projected 2020 population (including seasonal population) based on 

census block group data within the overlap of the storm surge inundation area and evacuation zone 

(Section 5.2 describes the population projection methodology).  

The fifth and sixth columns, under ȰEZ Evacuationȟȱ show how the participation rates for a Category 

1 storm were applied to the entire population of the evacuation zone. The values in all of the tables 

were rounded to the nearest integer for display only (i.e., 53,596 people in Bergen-Zone A 

multiplied by 12.5% is 6,699 people). The subsequent calculations using participation rates were 

maintained with precision throughout the entire process until the participation rates were 

inputted to RtePM.  
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The seventh and eighth columns, under ȰSZ Evacuationȟȱ show the participation rates for a Category 

1 storm and how they are applied to the evacuating population within the portion of the surge 

zones within the evacuation zone. They use the evacuation participation rates by hurr icane 

intensity  applied to the population that was impacted 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, etc.). The additional columns to the right reflect 

higher intensity storms. The highlighted values (pink, orange, yellow, and blue) reflect the percent 

of evacuating the population. The participation rate calculations were developed for each of the 17 

NJHES Re-Study counties (Appendix B). 

Table 3-7 Medium Evacuation Participation Rates Comparison (EZ vs. SZ) 

*Note: the values in the northern and southern NJ tables were rounded to the nearest integer for display only. The subsequent calculations using 

participation rates were maintained with precision throughout the process until the participation rates are applied to the evacuation zone shapes when 

entered into RtePM. 

3.2.4 Summary Participation Rate Maps for Northern New Jersey Counties 

The following figures (Figure 3-2 through Figure 3 -10) are summary graphics for Northern NJ in 

alphabetical order. Each map shows the evacuation zones (Zone A, B, C, etc.) compared to the storm 

surge inundation area (gray). The coloration of the evacuation zone within the 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 zones: 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 shows the High Evacuation Zone (EZ) participation rate. 

Gray cells indicate shadow evacuees. The participation rates were also used for the Shelter Analysis 

described in Section 4.0.  

A Inland 34,805 13% 4,351 3% 870 25% 8,701 5% 1,740 33% 11,312 5% 1,740 38% 13,052 8% 2,610

A Cat 1 1,223 13% 153 25% 303 25% 306 30% 370 33% 398 39% 471 38% 459 44% 538

A Cat 2 6,677 13% 835 13% 835 25% 1,669 25% 1,669 33% 2,170 33% 2,170 38% 2,504 38% 2,504

A Cat 3 4,837 13% 605 8% 363 25% 1,209 15% 726 33% 1,572 30% 1,451 38% 1,814 30% 1,451

A Cat 4 6,052 13% 757 8% 454 25% 1,513 15% 908 33% 1,967 30% 1,816 38% 2,270 30% 1,816

53,596 13% 6,699 5% 2,824 25% 13,399 10% 5,413 33% 17,419 14% 7,648 38% 20,098 17% 8,920

B1,C Inland 10,889 25% 2,695 3% 272 30% 3,294 5% 544 39% 4,192 5% 544 44% 4,791 8% 817

B1,C Cat 1 26,070 25% 6,452 25% 6,452 30% 7,886 30% 7,886 39% 10,037 39% 10,037 44% 11,471 44% 11,471

B1,C Cat 2 31,879 25% 7,890 13% 3,985 30% 9,643 25% 7,970 39% 12,273 33% 10,361 44% 14,027 38% 11,955

B1,C Cat 3 12,481 25% 3,089 8% 936 30% 3,776 15% 1,872 39% 4,805 30% 3,744 44% 5,492 30% 3,744

B1,C Cat 4 6,523 25% 1,614 8% 489 30% 1,973 15% 978 39% 2,511 30% 1,957 44% 2,870 30% 1,957

87,842 25% 21,741 14% 12,135 30% 26,572 22% 19,251 39% 33,819 30% 26,643 44% 38,650 34% 29,943

B2,D,E2,F,E1Inland 760,210 3% 19,005 3% 19,005 5% 38,011 5% 38,011 5% 38,011 5% 38,011 8% 57,016 8% 57,016

B2,D,E2,F,E1Cat 1 570 3% 14 25% 141 5% 29 30% 173 5% 29 39% 220 8% 43 44% 251

B2,D,E2,F,E1Cat 2 931 3% 23 13% 116 5% 47 25% 233 5% 47 33% 303 8% 70 38% 349

B2,D,E2,F,E1Cat 3 6,390 3% 160 8% 479 5% 320 15% 959 5% 320 30% 1,917 8% 479 30% 1,917

B2,D,E2,F,E1Cat 4 30,045 3% 751 8% 2,253 5% 1,502 15% 4,507 5% 1,502 30% 9,013 8% 2,253 30% 9,013

798,147 3% 19,954 3% 21,995 5% 39,907 5% 43,881 5% 39,907 6% 49,463 8% 59,861 9% 68,547

County
Hurricane 

Intensity

Evacuation 

Zones

Surge 

Zones

2020 

Population 

Bergen

Cat 2

Cat 1

Inland

Cat 2 Cat 3 Cat 4

EZ Evacuation SZ Evacuation EZ Evacuation SZ Evacuation EZ Evacuation SZ Evacuation EZ Evacuation

Cat 1

SZ Evacuation
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Figure 3-2 Bergen County Evacuation Zones and Participation Rates 
 

  

Figure 3-3 Essex County Evacuation Zones and Participation Rates 
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Figure 3-4 Hudson County Evacuation Zones and Participation Rates 

 

Figure 3-5 Mercer County Evacuation Zones and Participation Rates 
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Figure 3-6 Middlesex County Evacuation Zones and Participation Rates 
 

 

Figure 3-7 Monmouth County Evacuation Zones and Participation Rates 
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Figure 3-8 Passaic County Evacuation Zones and Participation Rates 
 

 

Figure 3-9 Somerset County Evacuation Zones and Participation Rates 
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Figure 3-10 Union County Evacuation Zones and Participation Rates 
 

3.2.5 Summary Participation Rate Maps for Southern New Jersey Counties 

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

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

to the storm surge inundation area (gray). The coloration of the evacuation zone within the 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 zones: 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 shows the High Evacuation Zone (EZ) 

participation rate. Gray cells indicate shadow evacuees. The participation rates were also used for 

the Shelter Analysis described in Section 4.0.  
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Figure 3-11 Atlantic County Evacuation Zones and Participation Rates 
 

 

Figure 3-12 Burlington County Evacuation Zones and Participation Rates 
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Figure 3-13 Camden County Evacuation Zones and Participation Rates 
 

 

Figure 3-14 Cape May County Evacuation Zones and Participation Rates 
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Figure 3-15 Cumberland County Evacuation Zones and Participation Rates 
 

 

Figure 3-16 Gloucester County Evacuation Zones and Participation Rates 
 





































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





































































































































































































