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PLAN ADOPTION RESOLUTIONS

In accordance with Part 201.6 of the Disaster Mitigation Act of 2000 (DMA 2000), as amended,
Monmouth County, New Jersey, has developed this Update of its Multi-Jurisdictional Natural Hazard
Mitigation Plan to identify hazards that threaten the County and ways to reduce future damages associated
with these hazards.

Following this page are the signed adoption resolutions of the County and all participating jurisdictions
that have adopted this 2014 Plan Update, authorizing municipal government staff to carry out the actions
detailed herein.

Signed resolutions of adoption by all participating jurisdictions shall be inserted following this page after
FEMA has reviewed and determined that the plan update is Approvable Pending Adoption.
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EXECUTIVE SUMMARY

Across the United States and around the world, natural disasters occur each day, as they have for
thousands of years. As the world’s population and development have increased, so have the effects of
these natural disasters. The time and money required to recover from these events often strain or exhaust
local resources. The purpose of hazard mitigation planning is to identify policies, actions, and tools for
implementation that will, over time, work to reduce risk and the potential for future losses. Hazard
mitigation is best realized when community leaders, businesses, citizens, and other stakeholders join
together an in effort to undertake a process of learning about hazards that can affect their area and use this
knowledge to prioritize needs and develop a strategy for reducing damages.

Section 322, Mitigation Planning, of the Robert T. Stafford Disaster Relief and Emergency Assistance
Act (“the Stafford Act”), enacted by Section 104 of the Disaster Mitigation Act of 2000 (“DMA 2000”),
provides new and revitalized approaches to mitigation planning. Section 322 continues the requirement
for a State mitigation plan as a condition of disaster assistance, and established a new requirement for
local mitigation plans. In order to apply for Federal aid for technical assistance and post-disaster funding,
local jurisdictions must comply with DMA 2000 and its implementing regulations (44 CFR Part 201.6).

While Monmouth County has always sought ways to reduce their vulnerability to hazards, the passage of
DMA 2000 helped County officials to recognize the benefits of pursuing a long-term, coordinated
approach to hazard mitigation through hazard mitigation planning. The County has received grant funds
from the Federal Emergency Management Agency (FEMA) for both developing this very hazard
mitigation plan, and its first required update. This Monmouth County Multi-Jurisdictional Natural
Hazard Mitigation Plan represents the collective efforts of Monmouth County and each of its 53
participating jurisdictions, the general public, and other stakeholders. Natural disasters cannot be
prevented from occurring. However, over the long-term, the continued implementations of this Plan will
gradually, but steadily, lessen the impacts associated with hazard events.

The Monmouth County Multi-Jurisdictional Hazard Mitigation Plan has been developed by the
Monmouth County Hazard Mitigation Planning Committee (the “Planning Committee”), with support
from outside consultants. The efforts of the Planning Committee were headed by the Monmouth County
Office of Emergency Management’s Hazard Mitigation Coordinator. The overall Planning Committee
was divided into a Core Planning Group (CPG) and Jurisdictional Assessment Teams (JATs), with one
JAT for each of the County’s participating jurisdictions. The JATs consisted of a wide range of position
titles for each community, from key individuals involved in emergency management, planning,
engineering, floodplain management, and local administrators. In addition there was a County Steering
Committee which oversaw the process, headed by the Monmouth County Office of Emergency
Management (MCOEM).

Monmouth County’s first hazard mitigation plan was approved by FEMA in February 2009; it was
subsequently adopted by each participating municipality later in 2009 (with only one adopting later
in 2012). FEMA requires that the plan be monitored and evaluated regularly, and updated at least
once every five years. This document represents the 2014 Plan Update. The plan update process was
initiated in earnest in the Summer of 2012 with a Project Initiation Meeting between the County and its
consultant held on June 8, 2012. A Kickoff Meeting of the full Core Planning Group was conducted on
July 31, 2012. A Core Planning Group progress meeting was held on September 28, 2012. With the
severe impact of Hurricane Sandy on our communities, plan update meetings of the CPG were placed on
hold for a six month window to allow the team members to focus their limited resources on response and
recovery efforts. Thereafter, Core Planning Group members met on April 15, 2013; June 6, 2013;
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November 14, 2013; February 18, 2014; and February 27, 2014. Jurisdictional Assessment Teams in
each municipality met individually throughout the plan development process as they deemed necessary.

Community support is vital to the success of any hazard mitigation plan. The County and each
participating community were responsible for conducting outreach within their respective
jurisdictions. Since the plan update process began in the summer of 2012, hundreds of outreach
activities have been undertaken by the planning team members, including more than 35
opportunities for public and stakeholder involvement from the County alone. These efforts provided
the general public and other stakeholders with opportunities to take part in the decisions that will affect
their future.

County-Led Outreach Activities. The County-led outreach actions during the plan update were similar to
those undertaken during the development of the initial plan. The County performed ongoing maintenance
of its online hazard mitigation planning web presence at www.co.monmouth.nj.us/page.aspx?ID=1944
and www.monmouthsheriff.org/Sections-read-144.html with information on the planning process and
where to go for additional information or comments. Press releases were issued on June 29, 2012;
October 16, 2012; May 22, 2013; June 20, 2013; March 4, 2014; and Oct 20, 2014. Press releases were
posted on the County web site, Facebook, and Twitter. Project fact sheets were widely distributed by
MCOEM at various meetings throughout the process. They were also made available at the Monmouth
County Fair in 2012, 2013, and 2014. The plan update was discussed at open public meetings of the
County Planning Board on November 18, 2013; February 18, 2014; March 17, 2014; April 21, 2014; May
19, 2014; July 21, 2014; August 18, 2014; and October 20, 2014. It was also discussed at a regular
meeting of the County Board of Chosen Freeholders on August 28, 2014. A public meeting on the plan
update was held on May 22, 2013 in Hazlet; and subsequently reported in an article in NJ.com on May
23, 2013. Furthermore, the public and other stakeholders were invited to respond to a survey that was
posted on the MCOEM mitigation planning web site; and the plan update was discussed at joint meetings
of Local Emergency Planning Coordinators and CPG members on February 18, 2014 and July 10, 2014.
MCOEM also contributed to public information videos on mitigation (with Sea Bright in April 2013; and
with Manasquan and FEMA in June 2013). The Hazard Mitigation Plan was also discussed at the
October 20, 2014 meeting of the Monmouth County Planning Board.

The County’s Mitigation Planning Steering Committee met throughout the plan update process to discuss
progress and work on development of the County’s mitigation strategy. Meetings were held on January 7,
2013; May 2, 2013; August 15, 2013; December 16, 2013; March 11, 2014; April 3, 2014; and December
5, 2014. The Steering Committee included direct membership and participation from the following groups
or individuals who attended various meetings throughout the process and provided input on action items
being considered for the County’s mitigation strategy:

Sherrift’s Office of Emergency Management
Division of Planning
Planning Board
Administrator
Economic Development

Park System

Department of Public Works and Engineering
Health Department
Department of Buildings and Grounds

First Energy Corp., Jersey Central Power and Light (JCP&L)
J acques Cousteau National Estuarine Research Reserve *4iso representing NJNY Coastal Outreach Advisory Team
Leckner Consulting *Also representing NJNY Coastal Outreach Advisory Team
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Manasquan River Regional Sewerage Authority
Monmouth County Mosquito Extermination Commission

Monmouth University-Urban Coast Institute
Municipal Representative-Middletown”
Municipal Representative-Neptune”

Municipal Representative-Oceanport”
New Jersey American Water Company
New Jersey Natural Gas
+T hese three municipal representatives with wide local knowledge and experience were invited to participate in the steering

commiittee in addition to their own municipalities’ JATS to serve as representatives of all the communities in the County when
driving the plan update’s overall progress and direction.

Municipal JAT Outreach Activities. Each of the 53 participating communities supplemented the above
range of County-led efforts with outreach targeted toward members of the general public and other
stakeholders within their respective municipalities to get the word out even further and to supplement the
County’s larger outreach activities. JATs employed a wide range of techniques for providing
opportunities for feedback and participation from the public and other stakeholders. Many distributed
copies of the project fact sheet, posted information on their web sites, discussed the plan update at open
public meetings in their communities, reached out to key stakeholder groups, and collectively undertook
hundreds of activities throughout the plan update process to ensure that the public and other stakeholders
were made aware of the process and their opportunity to participate and provide feedback and input.

The initial hazard mitigation planning process consisted of the following key steps:
* Researching a full range of natural hazards to identify which hazards could affect the County;
* Identifying the location and extent of hazard areas;
* Identifying assets located within these hazard areas;
*  Characterizing existing and potential future assets at risk;
* Assessing vulnerabilities to the most prevalent hazards; and
* Formulation and prioritization of goals, objectives, and mitigation actions to reduce or avoid
long-term vulnerabilities to the identified hazards.

For the 2014 Plan update, the CPG:
* Assessed current development patterns and development pressures
» Evaluated new hazard or risk information
* Described progress in local plan maintenance and plan integration efforts
* Assessed previous goals and actions
e Summarized progress in implementing actions
* Adjusted actions to address current realities
* Explained changes in priorities
*  Addressed changes in Federal/State requirements

Natural hazards that can affect Monmouth County that are included in the Plan are as follows:
*  Atmospheric hazards, including: extreme temperatures, extreme wind, hurricanes and tropical
storms, lightning, nor’easters, tornadoes, and winter storms;
*  Hydrologic hazards, including: coastal erosion, dam failure, drought, flooding, storm surge, and
wave action;
* Geologic hazards, including: earthquakes and landslides; and
*  Other hazards, including: wildfires.

Multi-Jurisdictional Natural Hazard Mitigation Plan — Monmouth County, New Jersey iv
Revised Draft - 2014 Plan Update



After evaluating these hazards and assets within the County to which they are vulnerable, each
participating jurisdiction developed an updated hazard mitigation strategy to increase the disaster
resistance of the County, along with procedures for monitoring, evaluating and updating the Plan to
ensure that it remains a “living document.” More than three hundred mitigation actions are included in
this plan update to reduce the impacts of natural hazards throughout the County, including 20 projects
totaling upwards of $10 million submitted by the County alone. Most jurisdictions intend to apply for
various types of grant funding for at least some portion of their activities to offset the local cost burden.
The robust mitigation strategies developed by each participating jurisdiction as part of this plan update are
a significant expansion of many of the strategies that were proposed in the 2009 plan, and represent a
substantial improvement in addressing each jurisdiction’s highest hazards and key risks.

This 2014 Draft Plan Update is currently under review by the Planning Committee, NJOEM, FEMA, and
the public and other stakeholders. If you have any questions or comments on the Multi-Jurisdictional
Natural Hazard Mitigation Plan for Monmouth County, New Jersey, please contact:

Michael Oppegaard, Coordinator
Monmouth County Office of Emergency Management
300 Halls Mills Road
Freehold, New Jersey 07728
Phone: 732-431-7400
Fax:  732-409-7532
E-Mail: moppegaard@mcsonj.org

Margaret Murnane-Brooks, Deputy Coordinator
Monmouth County Office of Emergency Management
300 Halls Mills Road
Freehold, New Jersey 07728
Phone: 732-431-7400
Fax: 732-409-7532
E-Mail: mmurnane@mcsonj.org

For jurisdiction specific information, individuals identified as representatives of the jurisdictions should
be contacted (see Appendix 1.2 for membership lists and contact information).

After the review cycle is complete, comments will be evaluated and incorporated as needed, and the
County and all participating jurisdictions will each formally adopt the Final 2014 Plan Update. The Final
2014 Plan Update will include copies of each jurisdiction’s adoption resolution following Page 1.
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SECTION 1 - INTRODUCTION

Purpose

Monmouth County is susceptible to a number of different natural hazards. Each hazard event has the
potential to cause property loss, loss of life, economic hardship, and threats to public health and safety.
The time and money required to recover from these events often strain or exhaust local resources. While
an important aspect of emergency management deals with disaster recovery (those actions that a
community must take to repair damages and make itself whole in the wake of a disaster), an equally
important aspect of emergency management involves hazard mitigation - sustained actions taken to
reduce long-term risk to life and property. They are things you do today to be more protected in the
future. Hazard mitigation actions are essential to breaking the typical disaster cycle of damage,
reconstruction, and repeated damage. With careful selection, they can be long-term, cost-effective means
of reducing risk and helping to create a more sustainable and disaster-resilient community. Hazard
mitigation actions are most effective when they are based on a comprehensive, long-term plan that is
developed before a disaster occurs. When community leaders, businesses, citizens, and other stakeholders
undertake a joint process of evaluating the hazards that can affect their area, and use this knowledge to
develop a strategy for reducing risk and the potential for future losses, this process is known as hazard
mitigation planning. A hazard mitigation plan' describes an area’s vulnerability to the various natural
hazards that are typically present, along with an array of actions and projects for reducing key risks. This
list of actions and projects is known as a mitigation strategy. While natural disasters cannot be
prevented from occurring, the continued implementation of mitigation strategies identified in the plan will
gradually, but steadily, increase community sustainability and disaster-resilience.

The Multi-Jurisdictional Natural Hazard Mitigation Plan for Monmouth County was initially
prepared between 2007 and 2009 to meet the requirements of the Disaster Mitigation Act of 2000 (DMA
2000), which requires all states and local governments to have a hazard mitigation plan in order to be
eligible to apply for certain types of federal hazard mitigation project grants. FEMA grant monies were
received to cover the costs of the plan’s development. Monmouth County used a ‘multi-jurisdictional’
approach, inviting all of the municipalities within the County to participate in the plan. At that time, 52 of
the County’s jurisdictions participated (the 2009 Plan is maintained on the County web site at:
www.monmouthsheriff.org/files/oem-mitigation/MitigationMultijurPlan.pdf) and became eligible to
apply to FEMA for hazard mitigation project funding, including monies that became available under the
recent Federal disaster declarations for Hurricane Irene and Superstorm Sandy. Participating jurisdictions
have been working to implement their mitigation actions since the plan was initially approved by FEMA
in 2009.

Hazard mitigation plans must be: (a) implemented on an ongoing basis, and (b) updated every five years
to ensure that they remain applicable representations of local risk and locally-preferred risk reduction
strategies. Monmouth County and its jurisdictions initiated the first required plan update in 2012. This
2014 Plan Update is expected to be reapproved by FEMA and adopted by all communities. The County
has, once again, obtained FEMA grant funding to cover costs associated with the update, and has opted to
continue its multi-jurisdictional approach. This time, all 53 municipalities in the County opted to
participate. Each jurisdiction attended meetings, provided feedback in a wide range of topic areas,
reached out to the public and other key stakeholders in their community, and developed an updated
mitigation strategy. To maintain eligibility to apply for mitigation project grants, each jurisdiction must
participate in the plan’s ongoing maintenance and implementation. The initial plan of 2009, and the 2014

'"Hazard mitigation plans are not intended to serve as a reference for immediate disaster response. They focus on actions that can
be implemented prior to disaster events in order to reduce potential loss of life and property damage; however, they are referred
to in the recovery process.

Multi-Jurisdictional Hazard Mitigation Plan — Monmouth County, New Jersey 1-1
Revised Draft - 2014 Plan Update


http://www.monmouthsheriff.org/files/oem-mitigation/MitigationMultijurPlan.pdf

Plan Update, are maintained on the County web site at: http://www.monmouthsheriff.org/Sections-read-
144 html.

For questions or other feedback, or to find out how you can become involved, contact your community’s
local elected officials or Emergency Management Coordinator. At the County level, please feel free to
reach out to Michael E. Oppegaard, Coordinator, Monmouth County Office of Emergency Management
(MCOEM) at 732-431-7400 or via email to moppegaard@mcsonj.org; or Deputy Coordinator, Margaret
Murnane-Brooks at 732-431-7400 or via email to murnane@mecson;j.org. More information about the plan
is maintained on the County Sheriff’s Office web site at: www.mcsonj.org/Sections-read-144.html

Document Organization

This Multi-Jurisdictional Hazard Mitigation Plan for Monmouth County is organized into the following
major sections.

* Section 1 - Introduction. Plan purpose, overview of the planning area, summary of plan
development process, document organization, and key terms.

* Section 2 - Identification of Potential Hazards. Documentation of the Planning Committee’s
evaluation of a full range of natural hazards, and indication of which hazards were identified for
inclusion in this plan (and why) versus those that were not identified (and why not).

* Section 3 - Risk Assessment. Hazard profiles, identification and characterization of assets in
hazard areas, damage estimates, summary of land uses and development trends in hazard areas,
and key risk findings.

e Section 4 - Capabilities and Resources. Overview of local, state, and federal resources for
hazard mitigation.

* Section 5 -Mitigation Goals. Summary of hazard mitigation goals for the State Hazard
Mitigation Plan and also for this county-wide multi-jurisdictional hazard mitigation plan.

* Section 6 — Mitigation Strategies. Information about the hazard mitigation actions identified by
each jurisdiction to address their key risk findings.

* Section 7 — Plan Maintenance and Integration. Procedures selected for monitoring, evaluating,
and updating this mitigation plan; including participation of the public and other stakeholders in
plan maintenance, and plan integration.

* Section 8 — For More Information. Contact information for questions, comments, or how to
become involved in the plan’s ongoing maintenance and implementation, and future updates.

Key Terms
For the purpose of clarity throughout this document, the following definitions are briefly outlined:

* A natural hazard is any hazard that occurs or results from acts of nature such as floods,
earthquakes, hurricanes, tornadoes and coastal storms, to name a few. This plan addresses
natural hazards only. It does not assess man-made / technological hazards or terrorism.

* A disaster is any catastrophic event that causes loss of life, injuries and widespread destruction to
property. For the purpose of this document, a disaster is the result of a natural hazard, whether
anticipated (such as flash floods with warnings) or fortuitous (such as earthquakes).
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* Hazard mitigation is the method by which measures are taken to reduce, eliminate, avoid or
redirect natural hazards in order to diminish or eradicate the long-term risks to human life and
property.

* A hazard mitigation plan is a well-organized and well-documented evaluation of the natural
hazards and the extent that the events will occur. In addition, the plan identifies the vulnerability
to the effects of the natural hazards typically present in a certain area, as well as the goals,
objectives and actions required for minimizing future loss of life and property damage as a result
of natural hazards.

* Hazard mitigation planning is the process of managing actions taken by individual citizens and
professional organizations involved in mitigation activities. The process involves carrying out
plans to reduce loss of life, injuries and damage to property, as well as reducing the costs
associated with losses from natural hazards. It is a long-term process with benefits best realized
over time.

About the Planning Area

The planning area for this plan encompasses the whole of Monmouth County. Monmouth County is
located in eastern-central New Jersey. It is the northernmost of New Jersey’s shore counties and is
bounded by Middlesex, Mercer, Burlington, and Ocean Counties (from Middlesex County in the north
and moving in a counter-clockwise direction to Ocean County in the south). Eastern sections of the
county’s northern limits are bounded by Raritan Bay and Sandy Hook Bay, while the east coast of the
County lies on the Atlantic Ocean. Monmouth County is home to 53 municipalities, each with its own
distinct character (two cities, 35 boroughs, 15 townships and one village). They are the Cities of Asbury
Park and Long Branch; Boroughs of Allenhurst, Allentown, Atlantic Highlands, Avon-by-the-Sea,
Belmar, Bradley Beach, Brielle, Deal, Eatontown, Englishtown, Fair Haven, Farmingdale, Freehold,
Highlands, Interlaken, Keansburg, Keyport, Lake Como, Little Silver, Manasquan, Matawan, Monmouth
Beach, Neptune City, Oceanport, Red Bank, Roosevelt, Rumson, Sea Bright, Sea Girt, Shrewsbury,
Spring Lake, Spring Lake Heights, Tinton Falls, Union Beach, and West Long Branch; Townships of
Aberdeen, Colts Neck, Freehold, Hazlet, Holmdel, Howell, Manalapan, Marlboro, Middletown,
Millstone, Neptune, Ocean, Shrewsbury, Upper Freehold, and Wall; and Village of Loch Arbour (Figure
1.1). All 53 municipalities participated in the 2014 Plan Update.

Monmouth County has a total area of 665 square miles, of which 472 square miles is land and 193 square
miles is water. It is New Jersey’s sixth largest county in terms of land areca. Monmouth County has a
wide variety of natural resources and landscapes including slopes, bay front and oceanfront beaches,
rivers, lakes, streams, forests, and farmlands. Much of the county is flat and low-lying; however high
lands and cliffs dominate the Bayshore areas, while shorelines and rivers characterize eastern portions of
the County and rolling hills and farmland characterizes the western portions of the County. Crawford Hill,
in Holmdel Township, is the tallest point in the County at approximately 380 feet above sea level.

Although the land use patterns are diverse, residential development is the predominant use. County
residents have access to major employment, entertainment, and transportation centers by public
transportation and a superior highway network. In addition, the county features an abundance of top-rate
parks, golf courses, open space, educational facilities as well as low crime rates. Over the past four
decades, Monmouth County has become increasingly more suburbanized as growth increased
dramatically, making this county one of the fastest growing regions in the State. Much of this growth is
attributable to net in-migration. People are drawn to the exceptional quality of life in Monmouth County.
As noted in the County’s Open Space Plan, pressure to develop and redevelop land in Monmouth County
remains strong thus presenting challenges to maintaining quality of life for present and future generations.
A growing population, competition for diminishing land resources, escalating property values, and
increasing public demand for control of growth and provision of recreation services point toward the
importance of preserving open space. Monmouth County has preserved 44,604 acres as protected public
open space and an additional 13,300 acres of farmland for a combined total of 19.2 percent of the
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County’s total land area (Monmouth County Profile, 2011). Vacant land is predominantly in the western
portions of the County where agriculture is still the primary land use.
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Figure 1.1 - Monmouth County Base Map

Population. The County’s environmental and cultural diversity continues to attract new residents and
visitors alike. A general trend of increasing population is expected to continue between now and the year
2040. According to the US Census, the population of Monmouth County in 1990 was 553,124. By 2000 it
had increased by approximately 11.2 percent to 615,301. While the pace of population growth increased
at a slower rate in the next ten year period from 2000 to 2010 (2.5 percent), its 2010 population of
630,380 ranked Monmouth County fifth in the state in terms of population. Table 1.1 shows population
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changes and projections (1980-2040), as estimated by the North Jersey Transportation Planning Authority
(NJTPA) in November 2012 in consultation with the Monmouth County Department of Planning.

Table 1.1
County Population Changes and Projections
Population | Population | Population | Population | Population Absolute Percent

Municipality 1980 1990 2000 2010 2040 Change Change

Census Census Census Census Estimate 2010-2040 2010-2040
Monmouth County 503,173 553,124 615,301 630,380 696,920 66,540 10.6%
Aberdeen, Township of 17,235 17,038 17,454 18,210 20,182 1,972 10.8%
Allenhurst, Borough of 912 759 718 496 504 8 1.5%
Allentown, Borough of 1,962 1,828 1,882 1,828 1,840 12 0.7%
Asbury Park, City of 17,015 16,799 16,930 16,116 20,784 4,668 29.0%
Atlantic Highlands, Borough of 4,950 4,629 4,705 4,385 4,540 155 3.5%
Avon-by-the-Sea, Borough of 2,337 2,165 2,244 1,901 1,907 6 0.3%
Belmar, Borough of 6,771 5,877 6,045 5,794 5,857 71 1.2%
Bradley Beach, Borough of 4,772 4,475 4,793 4,298 4,367 69 1.6%
Brielle, Borough of 4,068 4,406 4,893 4,774 4,931 157 3.3%
Colts Neck, Township of 7,888 8,559 11,179 10,142 12,291 2,149 21.2%
Deal, Borough of 1,952 1,179 1,070 750 757 7 0.9%
Eatontown, Borough of 12,703 13,800 14,008 12,709 15,345 2,662 21.0%
Englishtown, Borough of 976 1,268 1,764 1,847 1,998 151 8.2%
Fair Haven, Borough of 5,679 5,270 5,937 6,121 6,274 153 2.5%
Farmingdale, Borough of 1,348 1,462 1,587 1,329 1,413 84 6.3%
Freehold, Borough of 10,020 10,742 10,976 12,052 12,606 554 4.6%
Freehold, Township of 19,202 24,710 31,537 36,184 42,100 5,916 16.3%
Hazlet, Township of 23,013 21,976 21,378 20,334 21,404 1,070 5.3%
Highlands, Borough of 5,187 4,849 5,097 5,005 5,115 110 2.2%
Holmdel, Township of 8,447 11,532 15,781 16,773 20,210 3,437 20.5%
Howell, Township of 25,065 38,987 48,903 51,075 57,249 6,174 12.1%
Interlaken, Borough of 1,037 910 900 820 830 10 1.2%
Keansburg, Borough of 10,613 11,069 10,732 10,105 10,388 269 2.7%
Keyport, Borough of 7,413 7,586 7,568 7,240 7,470 230 3.2%
Lake Como, Borough of 1,566 1,482 1,806 1,759 1,777 10 0.6%
Little Silver, Borough of 5,548 5,721 6,170 5,950 6,223 273 4.6%
Loch Arbour, Village of 369 380 280 194 203 9 4.5%
Long Branch, City of 29,819 28,658 31,340 30,719 31,884 1,165 3.8%
Manalapan, Township of 18,914 26,716 33,423 38,872 42,754 3,882 10.0%
Manasquan, Borough of 5,354 5,369 6,310 5,897 6,087 190 3.2%
Marlboro, Township of 17,560 27,974 36,398 40,191 44,532 4,341 10.8%
Matawan, Borough of 8,837 9,270 8,910 8,810 9,271 461 5.2%
Middletown, Township of 62,574 68,183 67,479 66,522 70,649 4,141 6.2%
Millstone, Township of 3,926 5,069 8,970 10,566 11,191 637 6.0%
Monmouth Beach, Borough of 3,318 3,303 3,595 3,279 3,313 34 1.0%
Neptune City, Borough of 5,276 4,997 5,218 4,869 5,051 182 3.7%
Neptune, Township of 28,366 28,148 27,690 27,935 31,184 3,249 11.6%
Ocean, Township of 23,570 25,058 26,959 27,291 28,653 1,362 5.0%
Oceanport, Borough of 5,888 6,146 5,807 5,832 7,957 2,102 35.9%
Red Bank, Borough of 12,031 10,636 11,844 12,206 13,434 1,228 10.1%
Roosevelt, Borough of 835 884 933 882 902 8 0.9%
Rumson, Borough of 7,623 6,701 7,137 7,122 7,615 493 6.9%
Sea Bright, Borough of 1,812 1,693 1,818 1,412 1,516 104 7.4%
Sea Girt, Borough of 2,650 2,099 2,148 1,828 1,835 7 0.4%
Shrewsbury, Borough of 2,962 3,096 3,590 3,809 4,259 450 11.8%
Shrewsbury, Township of 995 1,098 1,098 1,141 1,192 51 4.5%
Spring Lake, Borough of 4215 3,499 3,567 2,993 3,002 9 0.3%
Spring Lake Heights, Borough of 5,424 5,341 5,227 4,713 4,793 80 1.7%
Tinton Falls, Borough of 7,740 12,361 15,053 17,892 24,235 6,340 35.4%
Union Beach, Borough of 6,354 6,156 6,649 6,245 6,405 160 2.6%
Upper Freehold, Township of 2,750 3,277 4,282 6,902 7,286 384 5.6%
Wall, Township of 18,952 20,244 25,261 26,164 30,741 4,577 17.5%
West Long Branch, Borough of 7,380 7,690 8,258 8,097 8,615 518 6.4%

All of Monmouth County’s municipalities are likely to have some increase in their population between
2010 and 2040, with a projected 10.6 percent increase for the county as a whole. The three highest
increases are expected in Oceanport (35.9 percent), Tinton Falls (35.4 percent), and Asbury Park (29.0
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percent); while the three lowest increases expected are in Sea Girt (0.4 percent), Avon-By-The-Sea (0.3
percent), and Spring Lake (also 0.3 percent). Monmouth County’s growing population is also aging. The
overall median age has been rising over the past decades, from 35 in 1990 and 37.7 in 2000 to 41.3 in
2010. The percentage of the population over 65 years of age, however, has remained relatively constant
(12.7 percent in 1990; 12.5 percent in 2000; and 13.8 percent in 2010).

Census data for the year 2010 shows that 37.6 percent of the population lives in Coastal communities
(those fronting the Atlantic Ocean in the east of the County). Another 28.8 percent lives in Western areas,
and 23.3 percent lives in Bayshore areas (those adjacent to Sandy Hook Bay/Raritan Bay in the north of
the County). The remaining 10.3 percent resides in Central and Panhandle communities (at 7.1 and 3.2
percent, respectively). The County Cross Acceptance Report estimates that between the year 2000 and
2025, percent increases in population are likely to be the greatest in the Panhandle areas at 46.6 percent,
followed by Western areas at 24.5 percent and Central regions at 13.0 percent. Coastal and Bayshore
regions are projected to realize only 8.3 and 6.6 percent increases, respectively.

The 2010 U.S. Census population density per square mile of land in Monmouth County was 1,336
persons per square mile - a marginal increase from the year 2000 (1,304 persons per square mile). By
2040, however, the County’s population density is projected to be 10.6 percent higher over year 2010
values (at 1,477 persons per square mile).

Roads and Bridges. Monmouth County has excellent access to all major modes of transportation. A 27
mile segment of the Garden State Parkway runs through eastern Monmouth County. There are seven
Parkway interchanges in the County along with Exit 116 for the PNC Arts Center, making Monmouth
County a convenient destination for tourists and visitors from northern New Jersey and New York.
Interstate 195, with 17 miles in southern Monmouth County, connects the New Jersey Turnpike, Mercer
County and Eastern Pennsylvania with the coast, making the county convenient for tourists from the
Philadelphia area. In addition, there are 233 miles of state roads, and 381 miles of county roads. Major
state and county capital improvements are keeping pace with the increased traffic.

Rail. The NJ TRANSIT North Jersey Coast Line provides easy rail access to Newark and New York
City. There are 13 year-round rail stations located in Monmouth County and one seasonal station located
at Monmouth Park Racetrack, operational during the racing season. Parts of the county have easy access
to Amtrak stations at Metro Park, New Brunswick and Princeton Junction. NJ TRANSIT provides
AirTrain service from a station near Pennsylvania Station, Newark to Newark Airport. This five minute
ride allows North Jersey Coast Line passengers to use rail service to and from Newark Airport.

Bus. Virtually the entire county is served by a network of local and regional bus services. The County is
expanding and enhancing these services to better accommodate growing commercial and industrial areas.

Ferry. Ferry service to New York City is available from Atlantic Highlands, Highlands and the Belford
section of Middletown. In 2010, ridership from Atlantic Highlands averaged about 972 persons per day to
New York City and 1,718 per day from Highlands. NY Waterway’s ferries docking at the Belford
terminal in Middletown served approximately 1,716 persons per day. Increases in ridership have been
observed in recent years, partly attributable to recent increases in commuter rail and bus fares.

Airports. On a more regional scale, Newark International Airport is easy to access by car from all of
Monmouth County. For most residents, the drive is between 45 minutes to an hour. Direct bus service to
the airport is also available from central areas of the county and a new passenger rail transfer (AirTrain)
provides direct access to trains originating in coastal communities of the county. Many county residents
are less than an hour to the Philadelphia International Airport. Monmouth County residents can also take
advantage of the Monmouth Executive Airport (formerly known as Allaire Airport) in Wall Township for
charter flights all over the country. There are also numerous unpaved landing strips and heliports that
service the County for both business and pleasure, albeit on a much smaller scale.
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Public Water and Sewer. According to the New Jersey Statewide Water Supply Plan, prepared by the
NJDEP in 1996, the County's water supplies are plentiful. In fact, during the 2002 water shortage,
Monmouth County had ample supplies. The Monmouth County Planning Board’s county-wide
Wastewater Management Plan (2012) concluded that the County’s water supply will accommodate
projected future growth, and that there is sufficient wastewater capacity through 2022 and beyond.

Income. Since the 1990s, income in Monmouth County has been above both state and national averages.
In 2011, it ranked 38™ among the highest-income counties in the country, placing it among the top 1.2
percent of counties by wealth. Monmouth County ranks fifth in terms of highest income counties in the
State, with only 6.6 percent of the population living below the poverty level and 8.3 percent of children
under 18 years of age living below the poverty level. Median household income rose 40 percent between
1989 and 1999 (from $48,050 to $64,271). By 2010, median household income had increased another 28
percent over 1999 values, up to $82,265 (22 percent higher than $67,681 for New Jersey and 64 percent
higher than $50,046 for the United States). Per capita income is 23 percent above the state average and 59
percent above the national average. Twenty two percent of Monmouth County households have incomes
above $150,000 per year versus 16 percent for New Jersey and 7 percent for the United States.

Employment. The Monmouth County Profile 2013 reports that 61 percent of Monmouth County’s
working residents are employed within the County. Another 21 percent work in Manhattan, Middlesex
County, or Ocean County. Transportation infrastructure improvements have allowed for more efficient
access to other regions, and have eased commutes for residents employed outside of the County. While
bus, ferry, and rail services have been expanded, about 75 percent of workers still drive to work.

Tourism. The Monmouth County Profile 2013 highlights the importance of tourism to the County’s
overall economy. Tourism spending in Monmouth County was $2.1 billion in 2012, up 5.4 percent from
2011; and $2.2 billion in 2013 — sixth highest in the state. While Hurricane Sandy deterred many vacation
plans in Monmouth County, Richard Stockton College reported that demand for lodging was 50 percent
higher in the fourth quarter of 2012 than the fourth quarter of 2011 due to housing needs for displaced
residents as well as for individuals staffing the recovery effort. A report entitled “The Economic Impact
of Tourism in New Jersey” for calendar year 2013 (by Tourism Economics) noted that tourism is a
substantial and growing driver of both the state and county economy. Monmouth County ranks eighth in
the state in terms of tourism employment. It also has some of the highest number of seasonal homes in the
state. In addition to its beaches, Monmouth County offers tourists several public golf courses including
two that are ranked within the top 50 public courses in the country. Monmouth County also offer tourists
two major horse racing tracks at Monmouth Park and Freehold Raceway.

Military Installations. Fort Monmouth is a former installation of the Department of the Army. In its final
years as an Army Post, the Fort was the County’s second largest employer with about 500 military
personnel and 4,800 private contractors. Final closing ceremonies were held on September 15, 2011. On
April 28, Governor Jon Corzine signed into law the Fort Monmouth Economic Revitalization Act, which
established the Fort Monmouth Revitalization Planning Authority (FMERPA), to plan the redevelopment
of Fort Monmouth. FMERPA is no longer active following the creation of the Fort Monmouth Economic
Revitalization Authority (FMERA) in 2010, to provide investment, continuity and economic growth to
the communities impacted by the closure of Fort Monmouth. FMERA advances FMERPA's Reuse and
Redevelopment Plan for economic development, growth and planning, with a focus on technology-based
industries, for the 1,126 acres of real estate at Fort Monmouth.

Located in several Monmouth County communities, Naval Weapons Station Earle (NWS Earle) is a
United States Navy base. The facility was constructed in 1943, and remains in active use. NWS Earle
serves as an arsenal for weaponry and explosives, and has a rail/port cargo loading system with a 2.9 mile
pier in Sandy Hook Bay where ammunition can be loaded and unloaded away from populated areas. The
largest portion of the facility is Colts Neck and occupies approximately 10,000 acres.
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FEMA Declarations. When a major disaster event occurs, if it is of such severity and magnitude that
effective response is beyond the capabilities of the state and the local governments, supplemental Federal
assistance can be requested by the state’s governor. The President - under the authority of the Robert T.
Stafford Disaster Relief and Emergency Assistance Act (the “Stafford Act”) — has the authority to issue
disaster declarations for the county or counties affected. FEMA then manages the entire process,
including making federally-funded assistance available in declared areas; coordinating emergency rescue
and response efforts; providing emergency resources; and providing other related activities/funding to aid
citizens and local governments in the declared areas. Between 1954 and 2014, New Jersey as a whole has
been included in 35 major disaster declarations (DR), 11 emergency declarations (EM), and 2 fire
management assistance declarations (FMA). Table 1.2, 1.3 and 1.4 provide a summary of disaster and
emergency declarations for the State of New Jersey (based on review of the FEMA web site and the New
Jersey State Hazard Mitigation Plan), with an indication as to whether Monmouth County was part of the
declared area. More detailed information on historic hazard occurrences is included in Section 3a. Similar

to the rest of the state, Monmouth County’s major hazard is flooding.

Table 1.2
New Jersey State Major Disaster Declarations: 1955 — 2014
Year Incident Disaster Type Disaster Was Monmouth
Period Number County Declared?

2012 10/26-11/8 Hurricane Sandy 4086 Yes

2012 6/30 Severe Storms and Straight Line Winds 4070 No

2011 10/29 Severe Storms 4048 No

2011 9/28-10/6 Remnants of Tropical Storm Lee 4039 No

2011 8/27-9/5 Hurricane Irene 4021 Yes

2011 8/13-8/15 Severe Storms and Flooding 4033 No

2010 12/26-12/27 Severe Winter Storm and Snowstorm 1954 Yes

2010 3/12-4/15 Severe Storms and Flooding 1897 Yes

2010 2/5-2/6 Severe Winter Storm and Snowstorm 1889 No

2009 12/19-12/20 Snowstorm 1873 No

2009 11/11-11/15 Severe Storms and Flooding - Ida and a Nor'easter 1867 No

2007 4/14-4/20 Severe Storms and Inland and Coastal Flooding 1694 No

2006 6/23-7/10 Severe Storms and Flooding 1653 No

2005 4/1-4/3 Severe Storms and Flooding 1588 No

2004 9/18-10/1 Tropical Depression Ivan 1563 No

2004 7/12-23/2004 Severe Storms and Flooding 1530 No

2000 8/12-8/21 Severe Storms, Flooding And Mudslides 1337 No

1999 9/16-9/18 Hurricane Floyd 1295 No

1998 2/4-2/8 Coastal Storm 1206 No

1997 8/20-8/21 Flooding 1189 No

1996 10/18-10/23 Severe Storms/Flooding 1145 No

1996 1/7-1/12 Blizzard 1088 Yes

1992 12/10-12/17 Coastal Storm, High Tides, Heavy Rain, Flooding 973 Yes

1992 1/4 Severe Coastal Storm 936 Yes

1985 9/27 Hurricane Gloria 749 Yes

1984 3/28-4/8 Coastal Storms, Flooding 701 Yes

1977 2/8 Ice Conditions 528 Unknown
1976 8/21 Severe Storms, High Winds, Flooding 519 Yes

1975 7/23 Heavy Rains, High Winds, Hail, Tornadoes 477 No

1973 8/7 Severe Storms, Flooding 402 No

1971 9/4 Heavy Rains, Flooding 310 Yes

1968 6/18 Heavy Rains, Flooding 245 No

1965 8/18 Water Shortage 205 Yes

1962 3/9 Severe Storm, High Tides, Flooding 124 Yes

1955 8/20 Hurricane Diane, Floods 41 Unknown

Table 1.3
New Jersey State Emergency Declarati
Year Incident Emergency Type Declaration ‘Was Monmouth
Period Number County Declared?

2012 10/26-11/8 Hurricane Sandy 3354 Yes

2011 8/26-9/5 Hurricane Irene 3332 Yes

2005 8/29-10/1 Hurricane Katrina Evacuation 3257 Yes

2003 8/14-8/16 Power Outage 3188 No

2003 2/16-2/17 Snowstorm 3181 Yes
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Table 1.3

New Jersey State Emergency Declarations

Year Incident Emergency Type Declaration Was Monmouth
Period Number County Declared?

2001 9/11 Terrorist Attack Emergency Declaration 3169 Yes

2000 5/30-11/1 Virus Threat 3156 Yes

1999 9/13-9/26 Hurricane Floyd 3147 Yes

1993 3/13-3/17 Severe Blizzard 3106 Unknown

1980 10/19 Water Shortage 3083 Unknown

1974 12/21 Severe Storms, High Winds & High Tides 3005 Unknown

Table 1.4
New Jersey State Fire Management Assistance Declarations
Year Incident Emergency Type Declaration Was Monmouth
Period Number County Declared?
2007 5/16 Warren Grove Fire 2695 No
2002 6/2 Double Trouble Fire 2411 No

Participating Jurisdictions

Monmouth County took a multi-jurisdictional approach to preparing its initial hazard mitigation plan and
this 2014 Plan Update, inviting all 53 of its municipalities to participate. County and local levels of
government bring unique resources to the table. The County has personnel, funding, data, and capabilities
that many local jurisdictions lack, while municipalities have the legal authority to enforce compliance
with land use planning and development issues. For the initial 2009 Plan, 52 of the County’s
municipalities opted to participate in, and were covered by, the Plan (with the exception of the Borough
of Roosevelt). For the 2014 Plan Update, the County and all 53 of its constituent municipalities
participated. Jurisdictions covered by this plan are:

Aberdeen, Township of
Allenhurst, Borough of
Allentown, Borough of
Asbury Park, City of
Atlantic Highlands, Borough of
Avon-by-the-Sea, Borough of
Belmar, Borough of

Bradley Beach, Borough of
Brielle, Borough of

Colts Neck, Township of
Deal, Borough of
Eatontown, Borough of
Englishtown, Borough of
Fair Haven, Borough of
Farmingdale, Borough of
Freehold, Borough of

County of Monmouth

Highlands, Borough of
Holmdel, Township of
Howell, Township of
Interlaken, Borough of
Keansburg, Borough of
Keyport, Borough of
Lake Como, Borough of
Little Silver, Borough of
Loch Arbour, Village of
Long Branch, City of
Manalapan, Township of
Manasquan, Borough of
Marlboro, Township of
Matawan, Borough of
Middletown, Township of
Millstone, Township of

Neptune City, Borough of
Ocean, Township of
Oceanport, Borough of

Red Bank, Borough of
Roosevelt, Borough of
Rumson, Borough of

Sea Bright, Borough of

Sea Girt, Borough of
Shrewsbury, Borough of
Shrewsbury, Township of
Spring Lake, Borough of
Spring Lake Heights, Borough of
Tinton Falls, Borough of
Union Beach, Borough of
Upper Freehold, Township of
Wall, Township of

Freehold, Township of
Hazlet, Township of

Monmouth Beach, Borough of
Neptune, Township of

West Long Branch, Borough of

At the outset of the plan update process in 2012, participation commitments were demonstrated through
each jurisdiction submitting a fully executed Statement of Authority to Participate to MCOEM. Figure
1.2 shows a blank version of this letter of commitment. Completed statements are included in Appendix
1.1 — Statements of Authority to Participate.
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Btatement of Authority - Participating

Monmouth County Multi-Jurisdictional

Hazard Mitication Plan Update - 2012
Lead Agency: Monmouth County Sheriff's Office
Emergency Management Division
300 Halls Mill Road
Freehold, New Jersey 07728
Contact: Michael E. Oppegaard, Coordinator
Margaret Murnane, Deputy Coordinator

This document is prepared as a statement of the authority advising Monmouth County Sheriff’s
Office, Emergency Management Division that the of
has opted to participate in the first update of the
Monmouth County Multi-Turisdictional Hazard Mitigation Plan. Our municipality has
committed to participating in the development of an updated county-wide, multi-jurisdictional
hazard mitigation plan. We have authorized the following two
individuals; and

(“Representative™ and “Alternate”. respectively) as local members serving on the Nulti-
Jurisdictional Core Planning Group and to actively participate as requested throughout the
planning process.

We understand that our municipality will be required to name its own local hazard mitigation
planning committes (“Turisdictional Assessment Team™) if it has not already done so. The Local
Emergency Planning Committee may be able to serve in this capacity.

At the end of the project, when FEMA deems the plan approvable, it is understood that our
municipality will need to pass a resolution formally adopting the final plan if we are in
agreement with said plan and wish to apply for future funding for mitigation projects. This
resolution will be provided immediately to the Monmeouth County Sheriff’ s Office. Emergency
Management Division for submittal to FEMA, who requires the resolution on file.

Namis af Municipality

Name & Title af Authorizing Individual

Authorizing Signature and Dats,

Representative s Name & Title,

Representative s Address,

Representative s Phons, Fax and Email

Alternats s Name & Titls

Alternats s Address,

Alternats s Phone, Fax and Email

Figure 1.2 — Statement of Authority

Hazard Mitigation Planning Team Organizational Structure

The Monmouth County Multi-Jurisdictional Hazard Mitigation Plan has been developed by the
Monmouth County Hazard Mitigation Planning Committee (the “Planning Committee”), with support
from outside consultants (URS Corporation — Clifton, NJ, “URS”) who guided all jurisdictions through
the planning process and ultimately authored both the initial plan in 2009, and this 2014 Plan Update.

As was the case with the initial plan’s development, the overall Planning Committee for this plan update
consisted of members of Monmouth County, each participating jurisdiction, and the public and other
stakeholders. The Planning Committee did not meet together in one place during the planning process;
instead, a team concept was used to more evenly distribute responsibilities and to make best of use of
every participant’s unique capabilities. The overall Planning Committee was divided into a Core Planning
Group (CPG) and a series of Jurisdictional Assessment Teams (JATs), with one JAT for each
participating jurisdiction (see Figure 1.3). The Core Planning Group includes representation of the
participating jurisdictions.
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Figure 1.3 — Planning Committee Organizational Structure

The County JAT is the Hazard Mitigation Plan Steering Committee, who is responsible for managing
overall plan formulation activities under the direction of MCOEM’s Hazard Mitigation Coordinator,
Michael Oppegaard and Deputy Coordinator, Margaret Murnane-Brooks. MCOEM was responsible for
setting meeting dates and times, securing a meeting facility, and notifying all team members of upcoming
meetings. They also played a very large role in reminding CPG members of certain project deadlines.
The Consultant prepared meeting agendas, handouts, and PowerPoint presentations. MCOEM ensured
that all meeting materials and report deliverables were posted on the County web site.

Local JATs were identified for each participating jurisdiction, and included a range of expertise - from
elected officials and administrators to staff in planning, public works, and engineering, for example. Each
JAT was responsible for coordinating and facilitating local planning efforts; providing information and
feedback to the contractor regarding a wide range of topic areas from land uses and development trends,
to local capabilities and floodplain management initiatives through completing various worksheets;
involving the public and local community stakeholders in the planning process; assessing mitigation
alternatives; selecting a course of action to be followed for their community; adopting the plan; reviewing
draft documents; and participating in plan monitoring and implementation. JATs fulfilled these
responsibilities under the leadership of their CPG members (the “representative” and “alternate”
designated on the Statement of Authority to Participate).

The CPG as a whole - made up of head members of each JAT — was the day-to-day planning team for the
overall multi-jurisdictional planning process. CPG members were the primary local points of contact for
both the County Steering Committee and the consultant and were the go-betweens between the local JATSs
and the larger CPG. CPG members were responsible for fulfilling their jurisdiction’s plan update process
obligations, with assistance and direct support from the members of their JAT. CPG members attended
planning meetings; conveyed meeting information back to their JAT members; solicited information and
feedback needed from JAT members for incorporation into the plan (typically, on an as-needed basis
depending upon the nature of the information request as compared to JAT member areas of specialty),
and had primary responsibility for providing opportunities for the public and other stakeholders within
their jurisdiction to be involved in the planning process. Readers are invited to review the contents of
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Appendix 1.2 — Planning Committee Membership Information for a list of JAT members for each
jurisdiction. CPG Representatives and Alternates are also noted therein.

At the end of the plan update process, each jurisdiction will formally adopt the Final Plan, documenting
their commitment to strive to implement the actions and projects identified in the mitigation strategy to
reduce or eliminate long-term risk from natural hazards and disasters in their community.

Planning Team Meetings

The initial version of this plan was prepared between 2007 and 2008. It was approved by FEMA and
adopted by local communities in 2009. Participating jurisdictions have been working since that time to
implement the actions that were listed in their respective mitigation strategies. FEMA requires ongoing
plan implementation, regular monitoring of progress, and formal updates every five years thereafter. The
2009 Plan provided the details of the initial plan development process, which will not be reiterated here.
Instead, this subsection will focus strictly on the process undertaken during the first plan update®.

Monmouth County and its jurisdictions initiated the process for this first required plan update by
submitting a planning grant application to FEMA in 2010 under the Pre-Disaster Mitigation (PDM)
program. The County received notification that the grant was approved in December 2011 and advertised
a Request for Proposals from qualified bidders for the hazard mitigation plan update on February 7, 2012.
Bids were received on February 22, 2012. Evaluations were completed on March 7, 2012. A resolution
was passed by the County Freeholders on March 22, 2012, and a contract was executed with the
successful bidder (URS) on May 31, 2012. Key planning team meetings held during the plan update
process are summarized in Table 1.5.> Meetings were put on hold for a period of six months following
Hurricane Sandy in October 2012, in order to allow all team members to focus their time on efforts
strictly related to disaster response and recovery. Meeting materials such as agendas, sign in sheets, and
presentations are provided in Appendix 1.3.

Table 1.5
Key Planning Team Meetings *
Date Title Details

Project Project Initiation Meeting — MCOEM met with URS to refine the scope of work and project schedule.
Initiation They discussed the overall readiness of the CPG to begin the update process; CPG activities/progress
June 8, 2012 Meeting since 2009 in plan maintenance and integration; project schedule; scope of work; approach for future
(MCOEM, meetings (particularly the Kickoff Meeting); exchanged GIS staff points of contact, and outreach to the

URS) public and other stakeholders.

Topics discussed included: the importance of the plan update, overview of the 2009 plan, benefits of
continued participation in the plan update, key steps of the plan update process, participation requirements
for the update, project timeline, near term actions items for participating jurisdictions, outreach to the

July 31,2012 K(i:cfl)(gff public and other stakeholders, long term action items for participating jurisdictions, expanded mitigation
yah Meeting strategies; and FEMA’s perspectives and expectations regarding participation, outreach, and municipal

mitigation strategies. The importance of their ongoing and future activities to reach out to the public and
key stakeholders in their communities was stressed (using Guidance Memo 1 as a guide, and documenting
their activities in the provided Outreach Log).

? Parties interested in the 2009 plan development process can access that version of the plan on the County web site at:
http://www.monmouthsheriff.org/files/oem-mitigation/MitigationMultijurPlan.pdf

* Local JAT meetings are not presented in this table. Individual JATs met on a fairly ad-hoc basis throughout the plan update
process as they deemed necessary.

* For each CPG meeting, additional information such as meeting agendas, presentations, and handouts were posted on the
Monmouth County mitigation planning web site at: _http://sheriffgolden.com/Sections-read-144.html
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Table 1.5

Date

Title

Key Planning Team Meetings *
Details

September 28,
2012

CPG
Progress
Meeting

CPG members considered URS’ assessment of hazards identified as significant for the plan update and
indicated their concurrence with findings by a show of hands. URS highlighted some key issues
including the NFIP and repetitive / severe repetitive loss properties, sea level rise, coastal erosion,
hurricane risks, etc. CPG members participated in a group discussion of their experiences with natural
hazards events since the last plan was prepared. URS reminded CPG members of the benefits of
participating; highlighted programs that are accessed by having an approved plan; provided an overview
of typically eligible project types under these programs; and introduced some key information from the
State Plan, including goals and the project ranking system for the HMGP. URS facilitated a group
discussion of experiences during Hurricane Irene, and other recent events; CPG members participated in
the group discussion by speaking to issues such as: What happened? Were these things expected? In
expected locations? Were any impacts unanticipated, or with unanticipated consequences? Was the
problem simply repaired to pre-disaster conditions, or was it mitigated? And did Irene highlight any
areas in need of immediate attention (mitigation)? URS then facilitated a group discussion of potential
solutions to mitigate problems highlighted in past disasters. CPG members brainstormed about types of
projects to provide solutions to the above discussed problems (keeping in mind project types that are
potentially fundable, ‘shovel-ready’ actions that may also align well with State goals and rank
competitively. The meeting wrapped up with URS presenting some examples of community mitigation
activities. The CPG participated in a group discussion of how these things may apply to Monmouth
County communities. URS reminded the group about the importance of their ongoing and future activities
to reach out to the public and key stakeholders in their communities (using Guidance Memo 1 as a guide,
and documenting their activities in the provided Outreach Log).

Plan Update Meetings were put on hold for a six month period following Hurricane Sandy
in October 2012, in order to allow all team members to focus their time on efforts strictly related to disaster response and recovery. During
this time a six month extension was granted by FEMA to the submission deadline for the plan update.

January 7, 2013

Steering
Committee
Meeting

Regular meeting of the County Steering Committee to discuss plan update progress, information to be
submitted to URS for incorporation into the document, and the County’s mitigation strategy. This was a
hybrid meeting to also discuss HMGP LOlIs related to Hurricane Sandy.

April 2-5,2013

FEMA
Mitigation
Strategy
Workshops

FEMA hosted a series of one-day Mitigation Strategy Workshops for the CPG. These workshops
provided CPG members with a chance to begin to: develop actions to reduce risk and make their
community more disaster-resilient; develop cost-effective actions that save money in the long run; build a
strategy for the successful implementation of their mitigation action plan; coordinate with other local
officials, planners and stakeholders on potential hazard mitigation ideas and projects; use worksheets,
examples and other tools to build a mitigation strategy that makes a connection between natural hazard
risk, action and implementation; and communicate directly with FEMA planners to understand how to
develop an effective and worthwhile Hazard Mitigation Plan.

April 15,2013
*Postponed
from initially
scheduled date
of 11/15/12 due
to Hurricane
Sandy

CPG
Progress
Meeting

Given the occurrence of Hurricane Sandy in October 2012 - one month after the previous CPG Progress
Meeting of September 2012 - this CPG Progress Meeting began by reflecting on how perspectives and
perceptions had changed in the past six months, in a post-Sandy environment. URS shared some key
slides from the September 2012 meeting that best illustrated perceptions at that time as a way of
highlighting how Sandy has provided a new frame of reference. CPG members listened and asked
questions. The next part of the meeting was geared toward how Sandy lessons learned are shaping local
mitigation strategies. CPG members discussed perspectives of how the disaster has changed the municipal
perception of the severity of the problem, the need for mitigation, and what mitigation strategies to
pursue. URS presented a brief overview of the FEMA April 2-5 workshops on the importance of
developing a robust mitigation strategy, for those who had been unable to attend one of the three sessions.
The group discussed that knowing your community’s vulnerabilities and implementing hazard mitigation
measures can reduce your risk and increase your community’s resiliency. CPG members were reminded
to: inform the public about the natural hazards in their locality; provide information that can be used to
mitigate the impacts; and motivate individuals and communities to take actions that will prepare them for
the next disaster and share their mitigation steps with others. URS reminded the group that outreach to the
public and other stakeholders during the plan update process is required for FEMA to approve the plan for
your jurisdiction; that they could refer to Guidance Memo 1 for more information and tips; and Use the
Outreach Log to document your activities. CPG members participated in a group discussion and shared
some of their outreach activities to date with the other communities. Next, URS discussed the link
between the risk assessment and mitigation strategies, and presented examples from the last version of the
plan of good approaches to emulate, as well as examples of poor approaches to try to avoid. URS
navigated live to the project SharePoint site and provided an overview of structure and content; CPG
members were asked to discuss whether they have been on the site yet, and any feedback they would like
to share. URS navigated to the Monmouth County Sheriff’s Office Facebook Page; CPG members were
asked to indicate whether they have been on the site yet, and any feedback they would like to share. The
meeting concluded with discussions of the Plan Update Worksheets that are used to capture the ebb and
flow of information between communities and plan authors. URS began by recapping what was done for
the 2009 Plan as a frame of reference, and compared this with what needs to be done for this Plan Update.
URS discussed: who should complete the worksheets, what will they encompass, when they will be
distributed, when they will be due back, where to get copies, how to submit responses, and why this is a
necessary step of the process. The group was also reminded about the importance of their ongoing and
future activities to reach out to the public and key stakeholders in their communities (using Guidance
Memo 1 as a guide, and documenting their activities in the provided Outreach Log).
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Table 1.5

Key Planning Team Meetings *

Date Title Details
Steering . . . . . .
. Regular meeting of the County Steering Committee to discuss plan update progress, information to be
May 2, 2013 Committee . . L NN
Meeting submitted to URS for incorporation into the document, and the County’s mitigation strategy.
URS presented an overview of the concept of Plan Integration, and how Worksheet 6 was being used to
document each community’s progress in plan integration activities over the first plan maintenance cycle,
as well as their desired approaches to plan integration for the next plan maintenance cycle. URS also
discussed how Worksheet 5 would be used to document each community’s progress in implementing the
CPG . L . .
June 6. 2013 Progress actions o_f their mitigation strategies over the ﬁ?st plan maintenance cycle. URS also spoke about
’ Meeting common issues with other worksheets being submitted to date (Worksheet 1 — JAT members; Worksheet
2 — NFIP; Worksheet 3 — Land Uses and Development Trends; Worksheet 4 —Capability Assessment) and
reminded the group about the importance of their ongoing and future activities to reach out to the public
and key stakeholders in their communities (using Guidance Memo 1 as a guide, and documenting their
activities in the provided Outreach Log).
August 15, Citr(:l:llirtltgee Regular meeting of the County Steering Committee to discuss plan update progress, information to be
2013 Meeting submitted to URS for incorporation into the document, and the County’s mitigation strategy.
This working session allowed a subset of interested CPG members to receive one-on-one assistance from
November 14 CPG URS in providing the inff)rmation and feedbagk for the six plan update worksheets that had been
2013 ’ Working distributed to-date regarding: JAT membership, Land Uses and Development Trends Updates,
Session Capabilities Updates, Continued Compliance with the NFIP, Status of Past Projects, and Plan Integration
Activities.
Hybrid
December 16, Steering Hybrid meeting of the County Steering Committee. The plan update was discussed briefly, but the
2013 Committee primary purpose of the meeting was to prioritize Sandy HMGP LOIs. Stakeholders did not attend.
Meeting
A Core Planning Group Members Session on the plan update was held during the Municipal Coordinators
Meeting. URS presented an overview of the CPG one-on-one working sessions in November; reminded
the group about the importance of their ongoing and future activities to reach out to the public and key
stakeholders in their communities (using Guidance Memo 1 as a guide, and documenting their activities in
the provided Outreach Log); reminded the communities that they and their JATs should be using this time
to brainstorm about the mitigation actions that will comprise their mitigation strategy for the plan update.
URS discussed activities as plan authors in streamlining the document to address municipal feedback
regarding the 2009 version’s overall printed length; the recent release of FEMA’s preliminary flood
hazard area maps which are being incorporated into the plan in lieu of the previous 2009 DFIRMs,
Joint Meeting: | ABFEs, and Preliminaries. Discussions were focused on Priority Risk Indices and Hazard Rankings from
CPG the 2009 Plan, and how these are being revised for the current plan update, as well as Key Risk Findings
February 18, - . . . . .
2014 ar_ldv be_lr}g summarlzed in a concise location for the update_d dqcument, apd the use of both t.o.lnf.o_rm
Municipal mitigation strategy development. URS stressed that the mitigation strategies developed by municipalities
Coordinators | for the last version of the plan had a substantial disconnect between the problems that were discussed
throughout the plan text and the actions that were ultimately proposed in the mitigation strategies; as well
the importance of bridging this gap for the plan update over the coming months. URS stressed that the
plan update must include robust mitigation strategies developed by each community to address their
highest hazards and key risks. And that updated mitigation strategies will consist of: (a) projects carried
forward from the last version of the plan; plus (b) new projects identified as part of the update. URS also
presented how to document mitigation strategy actions using the FEMA Risk Action Implementation
(RAI) Worksheet (Worksheet 7). The discussion closed with a reminder for CPG members to be working
with all of the members of their JAT, and the importance of soliciting input from the public and other
stakeholders at this most important juncture.
At this Mitigation Strategy Working Session, discussions were focused on Priority Risk Indices and
Hazard Rankings from the 2009 Plan, and how these are being revised for the current plan update, as well
as Key Risk Findings being summarized in a concise location for the updated document, and the use of
both to inform mitigation strategy development. URS stressed that the mitigation strategies developed by
CPG municipalities for the last version of the plan had a substantial disconnect between the problems that were
Mitigation discussed throughout the plan text and the actions that were ultimately proposed in the mitigation
February 27, Strategy strategies; as well the importance of bridging this gap for the plan update over the coming months. URS
2014 Working stressed that the plan update must include robust mitigation strategies developed by each community to
Session address their highest hazards and key risks. And that updated mitigation strategies will consist of: (a)
projects carried forward from the last version of the plan; plus (b) new projects identified as part of the
update. URS also presented how to document mitigation strategy actions using the FEMA Risk Action
Implementation (RAI) Worksheet (Worksheet 7). The discussion closed with a reminder for CPG
members to be working with all of the members of their JAT, and the importance of soliciting input from
the public and other stakeholders at this most critical juncture.
Steerllng Regular meeting of the County Steering Committee to discuss plan update progress, information to be
March 11,2014 Committee . . S s
Meeting submitted to URS for incorporation into the document, and the County’s mitigation strategy.
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Table 1.5

Key Planning Team Meetings *

Date Title Details
FEMA FEMA Region II, NJDEP, and Monmouth County held a Resilience meeting with local officials. The
Coastal purpose of the meeting was to continu.e to build local capacity for implementing priority mitigation
Hazard activities within the county by 1) reviewing the non-regulatory flood risk tools and how these have been
March 13,2014 Analysis useful in identifying and taking action to reduce risk, 2) sharing successful strategies to reduce flood risk,
Resilience and 3) further identifying mitigation actions using the non-regulatory flood risk tools. The meeting
Meeting provided an opportunity for community officials to learn about available tools and resources for taking
action to address coastal flood risk, and more fully develop their mitigation strategies and action plans.
Silg;ri;dg Hybrid meeting of the County Steering Committee. The plan update was discussed briefly, but the
April 3, 2014 Committee primary purpose of this working meeting for County officials only to prepare hazard mitigation action
Meeting worksheets.
Joint Meeting:
CPG A Core Planning Group Members Session on the plan update was held during the Municipal Coordinators
July 10, 2014 and Meeting. MCOEM discussed the plan update, mitigation strategy, outreach logs, and draft plan update
Municipal release.
Coordinators
December 5, Citr(:l:llirtltgee Regular meeting of the County Steering Committee to discuss the plan, as submitted for agency review on
2014 Meeting October 22, 2014.

Roles and Responsibilities — County, Municipalities, and Contractor

County. In addition to acting as a participating jurisdiction in its own right, Monmouth County took on
the role of lead agency and facilitator in the plan development and update processes. MCOEM secured
the grant funding for the 2009 Plan and its 2014 Plan Update, and solicited the participation of all 53
jurisdictions. They selected the consultant and administered the contract; managed communications
between the consultant and the CPG (principally through email); distributed deliverables and outreach
materials to jurisdictions, the public, other stakeholders, and reviewing agencies; facilitated meetings;
procured meeting venues and presentation equipment; distributed meeting invitations; and conducted an
extensive outreach strategy for the public and other stakeholders. They continue to maintain a central
hazard mitigation planning website and use social media (Facebook, Twitter) to solicit feedback.

Municipalities. Each participating jurisdiction contributed throughout the overall plan development and
update processes under the support and guidance of MCOEM and URS. Municipal JATs conducted
outreach to the public and other stakeholders within their respective jurisdictions, assessed risk and
hazard mitigation alternatives, and ultimately developed a mitigation action plan for their community.
Each JAT was responsible for providing staff to participate in the CPG, attending CPG meetings, and
holding their own JAT meetings as they deemed necessary. JATs were responsible for reviewing
information, data and documents; submitting feedback to the Consultant; completing
questionnaires/forms; reaching out to the public and other stakeholders in their respective jurisdictions;
developing a unique updated mitigation strategy for their jurisdiction; and reviewing and commenting on
draft documents. CPG members documented activities undertaken by their municipal JAT for URS
incorporation into the document, and prepared the following written documentation at key junctures in the
plan update process: As discussed previously in this section, each municipality formally advised
MCOEM of their desire to participate in the multi-jurisdictional hazard mitigation plan update process.
Statements of Authority to Participate from all 53 jurisdictions are included in Appendix 1.1.

* As discussed previously in this section, each CPG member was responsible for developing a local
JAT for their community. “Worksheet 1 — JAT Membership” documents, for a range of position
titles, who was approached by the CPG member and when, and whether or not that person agreed
to participate in the plan update (along with their contact information). Copies of Worksheet 1
submittals are included in Appendix 1.2.
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* At the project kickoff meeting on July 31, 2012, CPG members were responsible for providing
feedback on the list of hazards to be included in the plan update, and whether they felt any
hazards should be added to — or omitted from — the list. A show of hands concurred that the 2009
identified hazards would be the focus of the 2014 plan update, with no hazards omitted from or
added to the list of those identified as significant. Meeting materials from this kickoff meeting
and others throughout the plan update process are provided in Appendix 1.3.

e All of Monmouth County’s municipalities participate in FEMA’s NFIP. Each CPG member
coordinated with their local floodplain manager to describe their community’s participation in the
NFIP and describe their floodplain management program for continued compliance with NFIP
requirements. “Worksheet 2 — NFIP Participation” documents this information, and copies of
each response are included in Appendix 1.4.

* Each CPG member coordinated with their JAT to document changes in land uses and
development trends since the last plan was prepared. “Worksheet 3 - Land Uses and Development
Trends Worksheet” documents this step. Copies of each JAT’s response are included in
Appendix 1.5.

* Each CPG member coordinated with their JAT to document changes in local capabilities since the
last plan was prepared. “Worksheet 4 — Capability Assessment” documents this step, elaborating
on each jurisdiction’s existing authorities, policies, programs and resources, and its ability to
expand on and improve these existing policies and programs. Copies of each JAT’s response are
included in Appendix 1.6.

* Each CPG member coordinated with their JAT to evaluate and demonstrate progress made in the
past five years in achieving goals and implementing actions outlined in their 2009 mitigation
strategy, including an explanation of if and how any priorities may have changed since the plan
was previously approved. “Worksheet 5 — Status of Past Projects” documents this step, and copies
of each JAT’s response are included in Appendix 1.7.

« Each CPG member coordinated with their JAT to document the status of plan integration’
activities over the first plan maintenance cycle, and jurisdiction-specific activities projected for
the next plan maintenance cycle. “Worksheet 6 — Plan Integration” documents this step, and
copies of each JAT’s response are included in Appendix 1.8.

* Each CPG member coordinated with their JAT to develop an updated mitigation strategy.
“Worksheet 7 — Action Worksheets” document this step (with one worksheet for each action).
Each JAT’s action plan describes how the actions identified will be prioritized (including cost
benefit review), implemented, and administered by each jurisdiction. Copies of each JAT’s
responses are included in Appendix 1.9.

* Each JAT provided opportunities for the general public and other stakeholders to be made aware
of the plan update process, and the opportunity for them to participate and provide feedback.
Outreach Logs were completed by each JAT as activities were undertaken. Copies of each JAT’s
Outreach Logs are included in Appendix 1.10.

A detailed summary of the participation demonstrated by each jurisdiction, including attendance at
meetings and submission of requested deliverables, is presented in Table 1.6 on the next page.

* Plan integration is the process by which local governments will integrate the requirements of the mitigation plan into other planning
mechanisms, such as comprehensive or capital improvement plans, when appropriate.
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Contractor. URS was contracted by the County to guide participating jurisdictions through the process
and author the plan in a manner consistent with applicable regulations, criteria, and guidance. URS was
the lead firm for this assignment for both the 2009 Plan and the 2014 Plan Update. URS was the direct
County point of contact, and assisted in all aspects of the plan update, guided local municipalities through
their participation in key aspects of the update in a manner that would meet current requirements, led the
hazard mitigation planning efforts, was the primary presenter at CPG meetings, authored the plan
document, and provided overall contract administration. URS conducted the analyses necessary to
provide team members with the information they needed to make sound decisions, and helped guide them
through the necessary steps of the plan development and update processes. URS also prepared a project
fact sheet; sample generic press release about the plan update for use by municipalities, at their option (in
full or in part); and a sample generic PowerPoint presentation about the plan update process, also for use
by municipalities, at their option (in full or in part) - both to facilitate consistent messaging across
participating municipalities and for the sake of efficiency by ensuring that 53 different municipalities
didn’t have to each spend time generating separate presentation materials. These were all posted to an
internal planning team member SharePoint site, hosted by URS, for information exchange throughout the
first plan update.
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Table 1.6

Monmouth County Jurisdictions Plan Participation

Planning Team Meetings Attended Worksheets
. . . . . 7
Returned (listed in chronological order from left to right) : Submitted Outreach
Statement i CPG FEMA Joint to th.e Returned
. 6 of e e CPG CPG FEMA CPG Steering Steering CPG Steering C?G Hybl:ld Meeting Mitigation| Steering CoriE] Hybl:ld Meeting CouI}ty LUl Declaration
Entity q Initiation . Mitigation 5 " 5 Optional | Steering | CPG and . Hazard | Steering Steering and
Authority . Kickoff | Progress Progress | Committee | Committee | Progress | Committee . . . . Strategy |Committee . . CPG and . of
Meeting . 9 . 9| Strategy . 9 .11 T ) . 11 | Working |Committee| Municipal k . 11| Analysis |[Committee . . [Committee 3145 Other s e .
to s | Meeting” | Meeting 10| Meeting” | Meeting Meeting = | Meeting” | Meeting .12 .13 - Working | Meeting - .15 | Municipal T Participation
. . 06/08/12 Workshops Session “ | Meeting ~ (Coordinato . 0 Resilience | Meeting . Meeting Stake-
Participate 07/31/12 | 09/28/12 04/15/13 | 01/07/13 05/02/13 | 06/06/13 | 08/15/13 14 Session 03/11/14 . ICoordinato
4/(2-5)/13 11/14/13 | 12/16/13 rs 02/27/14 Meeting | 04/03/14 rs 07/10/14 12/05/14 holders
02/18/14 03/13/14
Monmouth, .
Sty af ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] LN ] Forthcoming
MCOEM* u u n u u n u n u u n [ n [ u [ [
Administrator* u
Economic
Development* " " " "
Public Works and
Engineering | ] ] ] ] ] [ ] [ ] [ ] [ ] [ ]
Department*
Parks System* u u
Health
Department* " " " " "
Planning Board*
Division of
Planning* | | ] | ] | ] [ |
Reclamation n
Communities
?(t;ss:g; of [ [ [ [ [ [ [ [ LI I [ Forthcoming
ggzﬁl;; S(E’f ] ] ] ] LI B ] Forthcoming
Allentown, .
Borough of | ] LI I [ | Forthcoming
éistl:;ug Park, - . - - - IR n Forthcoming
Atlantic
Highlands, [ [ [ | | [ [ B EE [ Forthcoming
Borough of
Avon-by-the-Sea, .
Borough of | | ] | | ] ] LI I [ | Forthcoming
gzi?f; of " . = = L] LI m Forthcoming
Bradley Beach, .
Borough of | | ] | | | ] ] LI I [ | Forthcoming
Brielle, .
Borough of " = u u m m LI [ Forthcoming
Colts Neck, .
Township of [ [ [ [ [ [ LI I [ Forthcoming
gzil)’ugh of [ [ [ [ [ [ [ LI I [ Forthcoming
Eatontown, .
Borough of " u LI I [ Forthcoming
gﬁ%clyljgktlo(\;n ’ " u u u u [ [ LA [ Forthcoming
6 coxgers

denotes Steering Committee member entity

7 Worksheet 1 = JAT Membership; Worksheet 2 = NFIP; Worksheet 3 = Land Uses and Development Trends Update; Worksheet 4 = Capability Assessment Update; worksheet 5 = Status of Past Projects; Worksheet 6 = Plan Integration; Worksheet 7 = Action Worksheets. Worksheet 2 is not applicable for the County because the county level of
government is not eligible to participate in the NFIP.
¥ The project Initiation Meeting for the update process was a working coordination and planning meeting between MCOEM and URS, conducted at the outset of the plan update, while CPG membership was under development.

? Steering Committee members were informed and kept apprised of CPG meetings, but attendance was not required.

" FEMA’s mitigation strategy workshops were geared toward local municipal officials from participating jurisdictions.

11 . . L. . . . .
Only Steering Committee members were invited, except on occasion where State or Federal OEM representatives attended due to Hurricane Sandy agenda items

12 All CPG members were invited to attend the CPG Optional Working Session on 11/14/13; attendance was only expected for those communities who had requested one-on-one assistance with the consultant in completing their worksheets.

" This 12/16/13 hybrid meeting of the Steering Committee was limited to County officials only, as Sandy HMGP LOI prioritization was the primary agenda item.

14 Joint meetings of the CPG and Municipal Coordinators included only County and municipal attendees, except on the occasion where a stakeholder entity was speaking on an agenda topic.

!5 This 4/3/14 hybrid meeting of the Steering Committee was intended as a working meeting for County officials only to prepare hazard mitigation action worksheets; a targeted group of stakeholders was invited to provide expertise in various areas.
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Table 1.6

Monmouth County Jurisdictions Plan Participation

Revised Draft - 2014 Plan Update

Planning Team Meetings Attended Worksheets
o . . . . 7
Returned (listed in chronological order from left to right) : Submitted Outreach
Statement FEMA el || et | i | E Constal | Bybria | 39 | Coun public | Returned
. 6 of e e CPG CPG e e CPG Steering Steering CPG Steering . yor & Mitigation| Steering yor Meeting .ty Declaration
Entity q Initiation . Mitigation 5 " 5 Optional | Steering | CPG and . Hazard | Steering Steering and
Authority . Kickoff | Progress Progress | Committee | Committee | Progress | Committee . . . . Strategy |Committee . . CPG and . of
Meeting ) . 9| Strategy ) .11 T . 9 . 11 | Working |Committee| Municipal k . 11| Analysis |[Committee . . [Committee 3145 Other s e .
to s | Meeting” | Meeting 10| Meeting” | Meeting Meeting = | Meeting” | Meeting .12 .13 - Working | Meeting - .15 | Municipal T Participation
Participate | "®%812" | 073112 | 09728/12 | WOrKSROPS ™) 041513 | 010713 | 05/02/13 | 06/06/13 | os/1s/13 | Session | Meeting © Coordinato g o9 | 3/17/14 | Resilience| Meeting =\ o (Meeting Stake-
4/(2-5)/13 11/14/13 | 12/16/13 rs' 02/27/14 Meeting | 04/03/14 rs 07/10/14 12/05/14 holders
02/18/14 03/13/14
Fair Haven, .
Borough of [ [ [ [ [ [ [ LI I [ Forthcoming
girrrgll:;ids%e, . " . L] LA u Forthcoming
Freehold, .
Borough of [ [ L] | ] ] E m = ] Forthcoming
ﬁ“zevi?l(s)}l:il;, of . u L u L] n IR n Forthcoming
?(?\Zx}its,hip of " " = " I " Forthcoming
g:,%gr;}?i’f . - - = IR IR [ Forthcoming
Holmdel, .
Township of " = LI I [ Forthcoming
Howell, .
Township of [ [ [ [ [ [ [ [ LI I [ Forthcoming
g(t;(r)llz:l;rgf . u = u m n NI n Forthcoming
nggjzﬁrg,f " " u u E mm ] Forthcoming
gzzgl?;; of | | ] [ [ [ [ B EE [ Forthcoming
Lake Como, h .
Borough of [ [ [ [ [ [ [ [ [ LI I [ Forthcoming
Little Silver, .
Borough of " u m L] LI [ Forthcoming
Loch Arbour, .
Village of [ | ] | ] E m = ] Forthcoming
Ié(l)tr; go?mmh’ [ [ [ [ [ [ [ LI I [ Forthcoming
%ﬁilsﬁgn(’) £ [ [ [ [ [ [ [ LI I [ Forthcoming
EA;’I:)?;E?)? " u u m LI I [ Forthcoming
Marlboro, .
Township of [ [ L] | | | ] ] E m = ] Forthcoming
Matawan, .
Borough of [ [ [ [ [ [ [ [ [ LI I [ Forthcoming
Middletown, .
Township of* [ [ [ [ [ [ [ [ [ [ [ LI I [ Forthcoming
Millstone, .
Township of " u m LI [ Forthcoming
Monmouth Beach, .
Borough of [ | ] | ] E m = ] Forthcoming
ggf::lzr; S;ty’ u u L] u [ (] LR [ Forthcoming
?g&?: Sn}i’p of* [ [ [ [ [ [ [ [ LI I [ Forthcoming
Ocean, .
Township of u u u u = ] B EE [ Forthcoming
Oceanport, '
Borough of* [ [ L] | | ] | ] ] ] E m = ] Forthcoming
Red Bank, .
Borough of = [ [ [ [ [ [ [ LI I [ Forthcoming
gg?ﬁﬁ;ﬁlgf " . . LA A [ Forthcoming
Rumson, .
Borough of " m = = u u L] LI I n Forthcoming
Isi:iiglzﬁh;% " u u u u u [ B EE [ Forthcoming
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Table 1.6

Monmouth County Jurisdictions Plan Participation
Planning Team Meetings Attended Worksheets

(listed in chronological order from left to right) Submitted’ Outreach

Returned
Joint FEMA . to the
ST FEMA CPG | Hybrid | Meeting | . SFPC Coastal | Hybrid | 390 | County Pl | G
Meeting Declaration

Entity® of q Initiation ?PG CPG Mitigation CPG Steerl.ng Steerl.ng CPG Steerl.ng Optional | Steering | CPG and Mitigation Steen.ng Hazard | Steering Steering and
Authority Kickoff | Progress Progress | Committee | Committee | Progress | Committee . . . . Strategy |Committee . . CPG and . of
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. 06/08/128
Participate 07/31/12 | 09/28/12 4/(2-5)13 1114113 | 12/16/13 st oo, Coorq nate
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[ [ [ [ | | | AN I I A A A [ Forthcoming

Sea Girt,
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Shrewsbury,
Borough of
Shrewsbury,
Township of
Spring Lake,
Borough of

Spring Lake Hts.,
Borough of

Tinton Falls,
Borough of

Union Beach,
Borough of

Upper Freehold,
Township of

Wall,

Township of

West Long Branch,
Borough of
Stakeholders
NJOEM [ n | [ ] [ | [ ] [ ]
NJDOS u
NJDEP u
NJ Natural Gas* n ]
FEMA ] u [ u u
NJ American
Water Company*
Jersey Central
Power and Light*
United Way n
Deal Lake
Commission
Mosquito
Extermination [ ]
Commission*
Jacques Cousteau
Natural Estuarine
Research
Reserve*
Leckner
Consulting*
Manasquan River
Regional Sewerage ] ] [ ]
Authority*
Stockton College u
Monmouth
University — Urban [ ] [ ] [ ]
Coast Institute*
NJ Sea Grant =
Naval Weapons
Station - Earle

[ [ [ | | | | AN I I A A A [ Forthcoming

| | ] | ] ] ] (AN 1IN 1N IR A Il [ | Forthcoming
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URS | | = [ = [ = n | | [ = n | = [ = ] | = | | FEE P
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Outreach to the Public and Other Stakeholders

A key element in the mitigation planning process is the discussion it promotes among community
members about creating safer, more disaster-resilient communities. To meet Federal requirements,
opportunities must be provided for the general public and other stakeholders'® to be involved throughout
hazard mitigation planning and plan update processes.

Outreach to the public and other stakeholders was undertaken concurrently by both the County and each
participating jurisdiction. County outreach activities were broader efforts aimed at a larger, county-wide
scale; while each participating jurisdiction’s JAT was responsible for providing outreach opportunities for
the general public and other stakeholders within their municipal borders. County activities alone totaled
more than three dozen opportunities for the public and other stakeholders to participate in the plan update
— not including stakeholder attendance at Steering Committee, CPG, or other planning team meetings.
Additionally, JATs provided hundreds of additional opportunities at a more local level. While this
subsection of the plan presents a general overview of County-led activities for outreach to the
public and other stakeholders, details of the specific activities undertaken by the County and each
participating jurisdiction are provided in Appendix 1.10.

» Stakeholders on the County Steering Committee. The County developed a Steering Committee of
County Officials and Key stakeholder groups in the County to provide feedback on the plan and
on mitigation actions. As shown in Table 1.6, the Steering Committee met on the following dates
during the plan update process: January 7, 2013; May 2, 2013; August 15, 2013; December 16,
2013; March 11, 2014; April 3, 2014; and December 5, 2014. A list of specific member names
and position titles is included in Appendix 1.2. The County Steering Committee consisted of the
following entities:

Monmouth County Office of Emergency Management
Monmouth County Business Administrator
Monmouth County Economic Development

Monmouth County Department of Public Works and Engineering
Monmouth County Parks System
Monmouth County Health Department
Monmouth County Planning Board
Monmouth County Division of Planning
Monmouth County Sheriff’s Office
Monmouth County Department of Buildings and Grounds
Municipal Representative — Middletown, Township of
Municipal Representative — Neptune, Township of
Municipal Representative — Oceanport, Borough of
New Jersey Natural Gas
New Jersey American Water Company
Jersey Central Power and Light
Monmouth County Mosquito Extermination Commission
Jacques Cousteau Natural Estuarine Research Reserve (JCNERR) *Also representing NINY COAT
Leckner Consulting *Also representing NJNY COAT
Manasquan River Regional Sewerage Authority
Monmouth University - Urban Coast Institute

*  Other Stakeholders Attending Key Planning Team Meetings. In addition to the stakeholders who
participated directly as members of the County Steering Committee, the following additional

oA stakeholder is any person, group, or institution that can affect or be affected by a course of action, such as neighboring communities, local
and regional agencies involved in hazard mitigation activities, and agencies that have the authority to regulate development, businesses,
academia, and other private and nonprofit interests.
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stakeholders also participated by attending one or more multi-jurisdictional planning team
meetings (see Table 1.6):
New Jersey Olffice of Emergency Management
New Jersey Department of State
New Jersey Department of Environmental Protection
Federal Emergency Management Agency
United Way
Deal Lake Commission
Stockton College
New Jersey Sea Grant
Naval Weapons Station — Earle
Verizon Wireless

*  Press. Information regarding the plan update appeared in various news outlets over the course of
the project to provide opportunities for the public and other stakeholders to be informed and to
participate in the process. Press releases were issued by the County on: June 29, 2012 discussing
the plan update process; October 16, 2012 advertising the release of the natural hazards survey;
May 22, 2013 providing notice of a public meeting on the plan update to be held in Hazlet; June
20, 2013 describing the plan update process; March 4, 2014 regarding the plan update process
and soliciting feedback on areas in need of mitigation; and on October 20, 2014. All were
submitted to local media outlets; many were also posted on County Facebook and Twitter pages
and the mitigation plan web site. Copies of County Press Releases and a sampling of local
media'” articles are in Appendix 1.11.

* Public Meetings. A public meeting specifically regarding the plan update was hosted by MCOEM
in Hazlet on May 22, 2013. An article about the meeting appeared on NJ.com the following day.
The plan update was also discussed at Planning Board and Freeholder meetings. The plan update
was included as an agenda item at the following Planning Board meetings, which are open to the
public and other stakeholders: November 1, 2013; February 18, 2014; March 17, 2014; April 21,
2014; May 19, 2014; July 21, 2014; August 18, 2014; and October 20, 2014. Notification of the
updated plan’s status, and its ultimate release for review and comment, was discussed at a regular
public meeting of the Board of Chosen Freeholders on August 28, 2014.

*  Website. A hazard mitigation planning page was initiated by MCOEM in July 2007 at the onset
of development of the initial plan. The County has maintained this web presence, updating its
content on a regular basis. The purpose of the web content is to inform the public and other
stakeholders about the purpose and need for the plan and the update and solicit their feedback and
participation. Content includes general information about the process, meeting information
(agendas, presentations, handouts, and minutes), other reference materials, a link for the plan, and
more. In 2007, the site was located at www.co.monmouth.nj.us/page.aspx?ID=1944. In 2012,
all OEM content was relocated to the Sheriff’s Office site at www.monmouthsheriff.org/Sections-
read-144.html (live since June 29, 2012); however, the predecessor page remains with limited
content and provides a link to the Sheriff’s office new page for the plan update. Figure 1.4 shows
a screen capture of the relic page on the County site, while Figure 1.5 shows a screen capture of a
portion of the current page for the plan update as maintained on the new Sheriff’s Office site. All
participating jurisdictions have supplemented this by posting links on their jurisdiction web sites
to the overall county mitigation planning pages. Screen captures for each jurisdiction are included
in Appendix 1.12.

17 News articles in Appendix 1.11 do not represent comprehensive coverage of the plan update by local news media. Other articles may have been
published that do not appear in the appendix. The appendix is intended to give a flavor for the type of articles that appeared throughout the update.
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Natural hazards have the potential to cause property loss, loss of life, economic hardship,
and threats to public health and safety. While an important aspect of emergency
management deals with disaster recovery those actions that a community must take to
repair damages and make itself whole in the wake of a natural disaster an equally
important aspect of emergency management involves hazard mitigation. Hazard
mitigation measures are efforts taken before a disaster happens to lessen the impact
that future disasters of that type will have on people and property in the community.
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* Fact Sheet. Participating jurisdictions found the use of the plan development fact sheet to be of
great use for getting the word out regarding the initial plan, and the CPG opted to use this as one
component of its outreach strategy for the plan update as well. Figure 1.6 on the next page
shows the fact sheet used for the plan update. In addition to describing the purpose and need for
the plan, and information about the plan update, the fact sheet also gave MCOEM contact
information for interested parties to reach out to for questions or other feedback, or to learn more
about how they could become involved in the plan update process. CPG members distributed this
fact sheet on notice boards and at various meetings with the public and other stakeholders. Some
examples of ways the County, in particular, used the fact sheet for its outreach strategy include
but are not limited to: OEM distributed the fact sheet to municipal officials and stakeholders on
June 29, 2012; OEM distributed the fact sheet at the Monmouth County Fair in July 2012, July
2013, and July 2014; OEM distributed the fact sheet at the Union Beach National Night Out on
August 7, 2012; OEM had the fact sheet posted in the Manasquan Borough municipal building
and library on August 20, 2012; OEM distributed the fact sheet at its public meeting on the plan
update in Hazlet on May 23, 2013. The fact sheet was also distributed on a more ad-hoc basis
throughout the process, and was posted on the web site.

* LEPC/CPG Joint Meetings. On two occasions (February 18, 2014 and July 10, 2014), MCOEM
hosted joint meetings of the Local Emergency Planning Committee with the mitigation plan’s
Core Planning Group. This ensured that municipal coordinators were made aware of the plan
update and invited to participate in the process.

*  Public Information Videos on Hazard Mitigation. A FEMA video highlighting hazard mitigation
in the Borough of Sea Bright was posted by MCOEM on Facebook on April 1, 2013. On June 3,
2013 MCOEM appeared in a FEMA video about Manasquan’s hazard mitigation efforts; this
video was later posted online.

* Social Media: Facebook and Twitter. Facebook and Twitter accounts in participating
jurisdictions were used periodically throughout the plan update process to inform the public and
other stakeholders about the plan update and solicit their feedback and participation. MCOEM
and the Sheriff’s office, for example, undertook the following activities on social media: March
1, 2013 MCOEM posted information about the plan update on Facebook; March 8, 2013
MCOEM promoted the NCNERR-Rutgers University www.njfloodmapper.org web site on its
Facebook page to raise awareness of sea level rise, FEMA/NJDEP flood maps, and Hurricane
Sandy inundation areas; MCOEM posted a link to FEMA’s Sea Bright hazard mitigation video on
its Facebook page; MCOEM posted its June 20, 2013 press release about the plan update on
Facebook; March 4, 2014 MCOEM posted information about the plan update process and the
mitigation strategy on its Facebook page; June 6, 2014 MCOEM posted a FEMA tweet “Ahead of
the Game: NJ’s Hazard Mitigation Initiative Will Pay Off in Future Storms”; June 10, 2013
MCOEM re-tweeted the FEMA tweet “Mitigation Worked for NJ Couple” on Twitter; August 8,
2013 MCOEM re-tweeted FEMA tweet “Mitigation is Important” on County Sheriff’s Twitter
site; and press releases issued in September/October 2014 regarding the release of the Draft Plan
Update for review and comment were also posted on Facebook and Twitter.
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SECTION 1 - INTRODUCTION

Monmouth County

Multi-Jurisdictional Hazard Mitigation Plan Update
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Background

Matural hozards are a port of life
throughout Monmauth County. Al of our
hozards have the polential to couse
property loss, loss of life, economic
hordship, ond threats to public health and
salely. Animportan! part ol emergency
management involves hozard mitigotion -

Purpose and Need

The Mulli-Jurisdictional Matural Hazard
Mitigation Plan for Monmouth County was
adopted in 2009 to meet the requirements
of the Disoster Mitigation Act of 2000 |or
‘DA 20007, It development weas led by
the Counby undsr g FEMA planning grant
that covered the costs of its preparation,
Though it wasn't reguired, Monmouth
Caunly opled 1o vie whal FEMA calls a
‘multi-jurisdictional’ cpprocch — meaning
trhat instead of it just being o plan for the
County government, every municipality
wias invitad to participate as an egual
partner with the County. Adopfing o FEMA
approved hozord mitigation plon opened
the door for all participating municipalities
to be in complionce with Dkda, 2000, and

For More Information

Far quastions or other feadback, or to find
out how you can become involved,
please contact your local elected official
of Emergency Management Coordinator;
the Monmouth County Office of

Flanning Timeline

+ First plan adopted in 200%;
updates are required every
five years

* Update process began in
June 2012 and is ongoing

* FEMA approval and
jurseietional adophions of
the updofed plan are
anficipated in 2014

which is, essenfially, actions and Natural disasters cannot

projects underfaken to protect things

befare they get dormaged. A hazard be prevented from

miligation plan dascribes the hazards ﬂl:f:ﬂﬂﬂﬂ' but, if we

that can occurin a community, and som

then presents actions and projects fackta & of ihe

trat will be done to reduce key ks, biggest risks with hazard
mitigation projects,

eventually, our hazards

won'f become
disasters,

ehigiblz to apply for hozord mitigation
project grants, To stay in comalionce
with DA, 2000, the plan must e
updated every five years. The update
ensures that the plan remains current
in its discussion of local risks and risk
reduclion shralagies. The Counly has
cnoe agoin obfained FEMA grant
funding to cover the cost of this first
plon update, and hos opted o
confinuwe ifs ‘mulli-urisdictional’
approach, Each jurisdiction in the
Ceounty is affending meetfings,
providing leadbock in a sanes of topic
areqs, reaching out to the public and
cther key stakeholders, aond updating
freir locol mitigation strategy.

Emergency Management ot 732-431-
LA or wisit our web site ot
wiwiw . Meosonj.org. Perodic updotes arne
also posted on Ihe Monmoauth Counly
Shenff's Office Facebook page,
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Figure 1.6 — Fact Sheet for the 2014 Plan Update
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Natural Hazards Survey. Similar to when the initial plan was prepared, the CPG used another
online public survey as one component of its larger outreach strategy. The Monmouth County
Steering Committee was interested in learning more about the level of knowledge local citizens
have about natural disasters and vulnerable areas in their communities. They posted a short, 15
question survey on the county web site for interested parties to complete. A press release was
issued on October 15, 2012, to notify interested parties that the survey was available. The survey
was estimated to take approximately 5 minutes to complete. It was made to be interactive and
responses were tallied automatically. The information provided was used by the County in their
identification and prioritization of mitigation actions to reduce the risk of injury or property
damage in the future. More than 560 people chose to submit responses to the survey. A summary
of these responses is presented in Appendix 1.13. Some significant observations are as follows:

= Two-thirds of all respondents have lived in Monmouth County for 20 or more years.

* The results suggest that the hazard events of most concern to respondents were
hurricanes, severe storms, and winter storms. For these events the majority of
respondents were either “very concerned” or “extremely concerned”, while for all other
listed hazards the majority of respondents were “somewhat concerned” or “not
concerned”.

»  Hurricanes drew the largest number of “extremely concerned” respondents for any single
hazard event (prior to Hurricane Sandy, flooding of private property had drawn the
largest number of “extremely concerned” respondents).

* Drought appears to be the hazard event of least concern to respondents, followed by
landslides and excessive temperatures.

= About 45% of respondents rated their hazard preparedness exactly in the middle of the
ranking scale, while almost three times as many respondents considered themselves to be
well-prepared as opposed to ill-prepared.

= About 65% of all respondents attributed their level of preparedness wholly or partially to
information from government sources and locally provided news or other media
information. In contrast, only about 15% felt prepared due to knowledge obtained at
schools and other academic institutions, and/or having attended meetings that have dealt
with disaster preparedness.

* In descending order of importance, responders ranked the internet, TV news, and radio
news as the three most effective sources of information for protection against natural
hazards (when the initial plan was prepared, TV news had been ranked highest, followed
by the internet, and then radio news).

= Almost three quarters of respondents would consider a buyout, relocation, or elevation of
their property if it were repetitively damaged or located in a designated high hazard area,
and if such measures were offered by a public agency (this proportion is unchanged since
the initial plan was prepared).

= About 21% of respondents knew for sure that they live in a designated flood plain, while
60% were sure they did not live in a floodplain. The remaining 19% were unsure. For
comparison, when the last plan was prepared, 17% of respondents lived in a floodplain,
73% lived outside of a floodplain, and 10% were unsure.

»  About 33% of respondents reported that they have flood insurance.

*  When asked about what types of mitigation projects respondents would like to see
implemented in their communities, more than 100 responses were received and ten broad
categories of project types were mentioned again and again: stormwater drainage system
improvements (14%); acquisition/elevation of floodprone homes (12%); utility system
upgrades / underground utilities (11%); development restrictions in high risk areas / open
space preservation (10%); dune and beach restoration (10%); management of lakes and
streams (9%); tree trimming and removal of dead/hazardous trees near power lines (7%);
and bulkheads/floodwalls/seawalls (6%). The information provided was taken into
consideration by the County in their identification and prioritization of mitigation actions
to reduce the risk of injury or property damage in the future.
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Feedback from the Public and Other Stakeholders

As discussed in the preceding subsection and detailed in Appendix 1.10, the County and each
participating jurisdiction collectively undertook hundreds of actions to raise awareness of the plan update
process and provide the public and other stakeholders with a forum for participating in - and providing
feedback throughout - the plan update. These activities ranged from web site and social media postings to
use of print media, public meetings, and targeted outreach to key stakeholder groups.

Overview of Stakeholder Feedback

Stakeholders provided valuable feedback and input throughout the plan update process during fairly
informal discussions at County Steering Committee meetings. For example, the utilities (NJ Natural Gas,
NJ American Water Company, Jersey Central Power and Light; and the Manasquan River Regional
Sewerage Authority) provided feedback about Sandy impacts to their respective systems. JCNERR and
Leckner Consulting, each with representatives on the New Jersey and New York Coastal Outreach
Advisory Team' (COAT), were able to provide valuable information about flood risk and FEMA
mapping products. JCNERR also provided valuable feedback to the County in the development of actions
for their mitigation strategy, projects that were in the nearby Ocean County plan that could also benefit
Monmouth County if included in their mitigation strategy, and ways to integrate the Monmouth County
mitigation strategy with the updated New Jersey State Hazard Mitigation Plan. JCNERR also provided
valuable one-on-one assistance to local communities as they developed their own mitigation strategies.
Monmouth University’s Urban Coast Institute offered their expertise in urban coastal problems and
potential solutions and will be reviewing and providing comments on the draft.

Stakeholders on the Steering Committee also provided data to the consultant for incorporation into the
updated plan. For example, JCNERR provided the 100 year floodplain with sea level rise GIS boundary
files that were used for mapping flood inundation areas potentially at risk in the future.

The County considered feedback from all stakeholders as it was updating its mitigation strategy.
Overview of Feedback Provided by the General Public

Throughout the plan update process, the County was occasionally contacted by members of the general
public. In most cases, individuals called or emailed to inquire about the status of the plan and the projects
that would be included in it. Some had general questions about the purpose and need for the plan, and
how it benefits communities who participate in the process. One business owner from Asbury Park
contacted MCOEM regarding a local flooding problem and project idea they had for possible inclusion in
the plan. At a meeting of concerned citizens living near Wreck Pond, the public had questions about
projects that were included in the plan to mitigate flooding in areas surrounding the pond.

The County’s Planning Board Meetings are not typically well attended by the general public. Discussions
about the plan update have generally included questions from meeting attendees about what the plan is,
and how it can be used to benefit the County. The County’s CRS User Group is also discussed at
Planning Board Meetings and this generally fostered discussions and questions about links between the
mitigation plan and local municipal participation in FEMA’s CRS program and how the two programs are
mutually beneficial.

At a Freeholders Meeting in August 2014, the public identified the Glimmerglass Bridge as a site in need

18 Coastal Outreach Advisory Teams (COATS) are intended to increase local awareness and understanding of, and engagement in the flood study
process, as well as awareness and understanding of the risk from flooding and other natural hazards. COAT members actively participate in
periodic meetings to discuss outreach and communication opportunities, identifying potential issues, and providing input on strategies and tactics
for communicating about flood risk and other natural hazards. COAT members include local partners, community officials, federal agency
partners, representatives from non-profit organizations, academic institutions, and the private sector.
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of mitigation. The bridge has been closed due to damage it sustained after being crossed by a vehicle
carrying an unusually heavy load. The bridge is on an evacuation route. It also serves as a means of
egress for residents on Brielle Road. When the bridge is repaired, residents would like to see the road
leading to it raised as well, because it currently is flooded during periods of high tide and heavy rain and
Brielle Road residents have no means of egress.

The information provided by respondents for the online natural hazards survey were taken into
consideration by the County in their identification and prioritization of mitigation actions to reduce the
risk of injury or property damage in the future. Feedback was provided by the more than 560 survey
respondents, giving the planning team valuable information as far as perception of risk, preparation for
risk, and preferences for risk reduction projects. The planning team considered the survey responses as
they were developing mitigation strategies. Survey responses were considered by the County in their
identification and prioritization of mitigation actions. Respondents were most concerned about
hurricanes, severe storms, and winter storms; with hurricanes drawing the largest number of “extremely
concerned” respondents for any single hazard event. Almost three quarters of respondents would
consider a buyout, relocation, or elevation of their property if it were repetitively damaged or located in a
designated high hazard area, and if such measures were offered by a public agency. And, when asked
about what types of mitigation projects respondents would like to see implemented in their communities,
more than 100 responses were received and ten broad categories of project types were mentioned again
and again: stormwater drainage system improvements (14%); acquisition/elevation of floodprone homes
(12%); utility system upgrades / underground utilities (11%); development restrictions in high risk areas /
open space preservation (10%); dune and beach restoration (10%); management of lakes and streams
(9%); tree trimming and removal of dead/hazardous trees near power lines (7%); and
bulkheads/floodwalls/seawalls (6%). The information provided was taken into consideration by the
County in their identification and prioritization of mitigation actions to reduce the risk of injury or
property damage in the future.

The survey respondents ranked the internet, TV news, and radio news as the three most effective sources
of information for protection against natural hazards. This feedback helped to inform the County’s
outreach strategy for the plan update and maintenance phases.

The public meeting held by MCOEM in Hazlet on May 22, 2013 had the primary intent of providing
information about the plan update and soliciting feedback from the public on projects they would like to
see implemented in their communities. Given this meeting’s proximity to Hurricane Sandy (only seven
months later), the general public was still quite overwhelmed by the magnitude of the event and its
impacts in their communities and the feedback that meeting attendees provided was regarding the
Hurricane Sandy response and recovery. Many residents at the meeting, most of whom represented
Raritan Bayshore communities, commented that too much focus was on the County’s tourist areas,
boardwalks, and beaches along the Atlantic Ocean coastline. Many meeting attendees were still homeless
and awaiting funding to rebuild, as well as guidance regarding unique requirements for rebuilding (i.e.,
first floor elevations). Still others were overwhelmed at the prospect of increasing federal flood insurance
rates on the horizon. Emergency management officials in attendance were unable to steer the focus back
to the mitigation plan update; however, the feedback provided by residents who attended the meeting was
valuable as the County was developing its updated mitigation strategy.

Working sections of the plan were posted on the project SharePoint site, which was accessible to CPG
members as well as members of the County Steering Committee (which included several stakeholder

entities); no comments were received via this forum.

Comments on the Draft 2014 Plan Update are included in Appendix 1.14.
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Considering the wide range of opportunities that were provided to the general public and other
stakeholders, the feedback received is somewhat disproportionate to the volume of opportunities that were
provided. CPG members will consider more targeted outreach to the public and other stakeholders during
the plan maintenance phase to elicit feedback. The purpose of these events would be to distribute
literature and educate the public and other stakeholders on natural hazards and hazard mitigation, and to
obtain comments and feedback regarding the mitigation action items that can be pursued. Types of
activities could include: (1) increased use of social media, which is becoming more widely-used with each
passing year; (2) more frequent outreach to local media outlets (television, radio, and print media
partners) to prepare stories to help promote widespread public involvement and awareness, and to elicit
feedback and comments; (3) more formal presentations to governing bodies regarding the hazard
mitigation plan (in an open public forum setting); (4) targeted public/stakeholder events such as
roundtables and public forums specifically regarding the plan, and natural hazard mitigation; and (5)
small, area-specific meetings on a semi-annual basis at public libraries or other public venues.

Review and Incorporation of Existing Plans, Studies, Reports, and Technical Information

In the process of preparing this hazard mitigation plan, many other existing plans, studies, reports, and
technical information were evaluated. These sources are noted throughout this report as various topics are
discussed. As shown in Table 1.7, the development of this hazard mitigation plan included the review
and incorporation of data from existing plans, studies, reports, and technical information. Relevant
information was referenced or included, as applicable, to form the content of this mitigation plan.

Table 1.7
Data from Outside Sources
How Incorporated

Review and Incorporation o
Data Source

Readily available on-line information from federal and state
agency web sites such as: FEMA, NJOEM, NJ Department of

Environmental Protection, US Forest Service National
Avalanche Center, US Geological Survey, National Oceanic
and Atmospheric Administration (including National
Weather Service, National Climatic Data Center, and the
National Severe Storms Laboratory), University of Buffalo
Multidisciplinary Center for Earthquake Engineering
Research (MCEER), USGS National Earthquake Information
Center, NASA Space Environment Center, and the US
Department of Transportation Federal Highway Authority.

Referenced throughout this report as various topics are
discussed. Primarily, these sources were consulted to develop
lists of historic occurrences of various hazards as well as
areas at risk, probability of future occurrences, and impact
information.

New Jersey State Hazard Mitigation Plan (2014)

Hazard information including historic occurrences, areas at
risk, probability of future occurrences, and impact
information. Also: State capabilities that can support local
hazard mitigation efforts, State goals and actions (to compare
against local goals and actions to ensure that the two go hand-
in-hand), etc.

FEMA Flood Map Data and Municipal Flood Insurance
Studies

Areas susceptible to flooding. Also, FISs included
information about local flood protection features. DFIRMs
were combined with parcel data in GIS to evaluate the area of
the floodplain in each municipality, the value of
improvements in each area.

Year 2050 Projected Special Flood Hazard Area
JCNERR

from

Used to show additional areas in coastal communities that
could be inundated during a 100-year even by year 2050,
incorporating sea level rise.

Monmouth County GIS data

Quantification of assets at risk from various hazards. County
GIS data included: improved property parcel data, fire
stations, police stations, hospitals, ferry ports, airports,
municipal public works buildings, schools, child care
facilities, and senior care facilities. Land Use data was also
provided to create a land use map and to quantify percent of
land of each type across jurisdictions.

Monmouth County Profile

Used to describe historic land uses and development trends,
as well as current and expected future trends.
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Table 1.7

Data from Outside Sources

Review and Incorporation o
Data Source

How Incorporated

Monmouth County Flood Insurance Study
(Preliminary — January 31, 2014)

Areas susceptible to flooding. Also, FISs included
information about local flood protection features. DFIRM
data was combined with parcel data in GIS to evaluate the
area of the floodplain in each municipality, the value of
improvements in each area.

USGS Earthquake History of New Jersey

Historic earthquake event occurrences

NJGS Earthquakes Epicentered in New Jersey

Historic earthquake event occurrences

NEHRP Soil Class Mapping

The severity of impact of an earthquake can be exacerbated
by certain soil types, and soils mapping was used in the
earthquake hazard profile to inform the degree to which soil
type might exacerbate earthquake impacts in Monmouth
County.

New Jersey Geological Survey Landslide Event Database

Historic landslide event occurrences. Landslides are more
likely to occur in areas where they have happened in the past.

USGS National Landslides Program Landslide Mapping

Historic landslide event occurrences. Landslides are more
likely in areas where they have happened in the past.

USGS Fact Sheet 165-00, Land Subsidence in the United
States

Land subsidence hazard maps were evaluated to determine
whether land subsidence is a significant hazard

USDA National Agricultural Statistics Service, Census of
Agriculture, Monmouth County

Information regarding agricultural uses in the County to
characterize how widespread the potential impacts of some
hazards might be (drought and hail, for example).

Monmouth County Census of Agriculture

Information regarding agricultural uses in Monmouth County
to characterize how widespread the potential impacts of some
hazards might be (drought and hail, for example).

HAZUS-MH databases for emergency operations centers,
potable water treatment facilities, and wastewater treatment
facilities

The database of assets from HAZUS was imported on a GIS
platform to determine assets at risk from delineable hazards

Stanford University National Performance of Dams Program
web site

Dam inventory data was used to quantify the number, type,
and hazard ranking of dams in Monmouth County. (as
applicable for the flood hazard)

U.S. Army Corps of Engineers National Inventory of Dams

Dam inventory data was used to quantify the number, type,
and hazard ranking of dams in Monmouth County. (as
applicable for the flood hazard)

The American Society of Civil Engineers Standard 7-02,
Minimum Design Loads for Buildings and Other Structures;
and “Wind Zones in the United States” map

Map used to determine which wind region the County is in;
this informed the wind hazard profile.

FEMA Publication 320 - Taking Shelter from the Storm:
Building a Safe Room for your Home or Small Business

Typical damage for each Enhanced Fujita scale tornado and
hurricane category, as well as wind zones and tornado
activity maps

FEMA NFIP Community Status Book

NFIP participating communities, numbers of policies, historic
numbers and values of paid claims, etc.

FEMA data for NFIP Repetitive Loss Properties and
Community Rating System communities

Numbers of losses, value of paid claims, communities with
repetitive loss properties, communities participating in the
CRS (and their class), etc.

FEMA’s “NFIP Floodplain Management Requirements: A
Study Guide and Desk Reference for Local Officials (FEMA-
480)”

Types of mitigation measures, definitions of the different
categories of flooding for the hazard profile, and a table
showing the odds of being flooded (for various time periods
and flood events)

USGS Landslide Overview Map of the Conterminous United
States, prepared in hard copy format in 1982 by Dorothy H.
Radbruch-Hall, Roger B. Colton, William E. Davies, Ivo
Lucchitta, Betty A. Skipp, and David J. Varmes (Geologic
Survey Professional Paper 1183), compiled digitally by
Jonathan W. Godt (USGS Open File Report 97-289), as
viewed on NationalAtlas.gov

Landslide incidence and susceptibility

American Society of Civil Engineers (ASCE) Standard 7-98:
Minimum Design Loads for Buildings and Other Structures

Minimum design loads for wind

FEMA'’s “Multi-Hazard Identification and Risk Assessment”
(1997)

Several hazard definitions and information to support the
hazard profile, as well as ideas for types of mitigation
approaches
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Table 1.7

Data from Outside Sources

Review and Incorporation o
Data Source

How Incorporated

American Meteorological Society “Glossary of Meteorology”

Definitions of meteorological hazards

FEMA’s “Mitigation Ideas”

Provided information to the CPG about a range of mitigation
measures for various types of hazards.

Local jurisdictions considered relevant plans, codes, and
ordinances currently in place such as building codes, zoning

ordinances, subdivision ordinances, special purpose
ordinances, site plan review requirements, growth
management ordinances, comprehensive plans, capital
improvements plans, economic development plans,

emergency response plans, post-disaster recovery plans, post-
disaster recovery ordinances, local waterfront revitalization
plans, and real estate disclosure ordinances.

Responses were recorded in the Capability Assessment of
Section 4. Jurisdictions were asked to review local plans and
ordinances and consider all local capabilities when
developing their mitigation strategies as the enhancement of
existing capabilities, or bridging identified gaps in
capabilities, can further mitigation goals and objectives.

US Census 2010

Population, people per household, income, age, etc.

New Jersey State Development and Redevelopment Plan
(State Plan) and Monmouth County’s Cross Acceptance
Report

Areas envisioned for growth, limited growth, and

conservation; development trends.

Monmouth County Growth Management Guide, Monmouth
County Planning Board, 1995.

This document serves as the County’s official Master Plan. It
was used to help assess future development trends in
Monmouth County.

2004 Western Monmouth Development Plan

Development trends in western Monmouth County.

2011 Panhandle Region Plan

Development trends in Monmouth County’s Panhandle
Region.

2006 Bayshore Region Strategic Plan

Development trends in municipalities in the Raritan Bay and
Atlantic Highlands region.

2010 Coastal Monmouth Plan

Development trends for the County’s coastal region

2006 Monmouth County Open Space Plan

Development trends; the Monmouth County Park System’s
strategic plan for land acquisition and preservation.

Monmouth County Quality of Life Survey (1999)

Information about open space and future development
preferences, and general information about the county

Monmouth County Open Space Plan (2006)

Municipal land reserved for open space, existing and target

USDA Understanding Soil Risks and Hazards (2004)

Reviewed for information regarding expansive soils

USGS Hydrologic Atlas 730-L (1997)

Reviewed to evaluate groundwater resources

New Jersey Drought Emergency Plan (1991)

Reviewed to determine how actions during a drought
emergency mitigate impacts

USDA Monmouth County Soil Survey (1989)

Reviewed for local potential for expansive soils

Tropical Storm Floyd Post Flood Report (July 2000)

Effects of Floyd in Monmouth County

In the Wake of Doria (1971)

Reviewed for local event impacts

NIDEP Floods of August and September 1971 in New
Jersey, Special Report 37 (1972)

Reviewed for local event impacts

USGS Open File Report 79-559, Flood of November 8-10,
1977 in Northeastern and Central New Jersey (April 1979)

Reviewed for local event impacts

National Weather Service, Eastern Region, Disaster Survey
Report, The Great Nor’easter of December 1992 (June 1994)

Reviewed for local event impacts

New Jersey Historic Preservation Office GIS shape files for
state and federally listed historic and cultural resources

Used to identify historic and culturally significant assets in
hazard areas

New Jersey Administrative Code 7:7E; Coastal Zone
Management Rules

Reviewed for information about management of the county’s
coastal zones

FEMA’s “NFIP Floodplain Management Requirements: a
Study Guide and Desk Reference for Local Officials (FEMA-
480)”

Used to evaluate the impact of future development in flood
hazard areas on overall risk (i.e., how well do existing
regulations provide protection for new development where
new development is in compliance with current codes and
standards

NOAA’s Atlantic Oceanographic and Meteorological
Laboratory’s mapping — “Empirical Probability of a Named
Storm”

Reviewed to report on annual probability of a named storm
for the hurricane and tropical storm risk assessment

Natural and Cultural Features of Monmouth County,
Monmouth County Health Department, April 13, 2010.

Proportion of Monmouth County’s population living within a
five mile corridor along the Bayshore and Atlantic Ocean
coastlines. Change in County’s population from 1950 to
1970.
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Table 1.7

Review and Incorporation of Data from Outside Sources

Data Source How Incorporated
County Planning Department’s projected 2040 population | Used to show change in exposure and potential vulnerability
counts for each municipality (2012) of people to natural hazards
Monmouth County Summer Coastal Population Study, Average summer populations in the shore region

Monmouth County Planning Board, 2008.
Residential construction permits that were approved from the | Development in hazard areas as an indicator of increased

years 2009 to 2012, prepared by the Monmouth County exposure

Planning Board

2012 Monmouth County Profile Land uses and development trends, protected open space,
preserved farmland

Earthquake Risk in New Jersey, NJOEM Used in the earthquake risk assessment

Regulatory Compliance

This Hazard Mitigation Plan was prepared in a manner consistent with applicable regulations, criteria, and
guidance. The Plan’s components address the local hazard mitigation planning requirements of the DMA
2000. The planning team used FEMA’s Local Mitigation Planning Handbook (March 2013) and its
“Regulation Checklist” as a guide. Each element of the Regulation Checklist must be addressed
satisfactorily for a plan to be approved by FEMA. Table 1.8 summarizes the FEMA regulations, and
where the regulation is addressed in this plan.

Table 1.8
FEMA Plan Review Criteria

Regulation Location1i9n the
Plan

Element A - Planning Process
Al. Does the Plan document the planning process, including how it was prepared and who was involved Section 1
in the process for each jurisdiction (Requirement 201.6(c)(1))
A2. Does the Plan document an opportunity for neighboring communities, local and regional agencies
involved in hazard mitigation activities, agencies that have the authority to regulate development as well Section 1
as other interest to be involved in the planning process? (Requirement 201.6(b)(2))
A3. Does the Plan document how the public was involved in the planning process during the drafting Section 1
stage? (Requirement 201.6(b)(1))
A4. Does the Plan describe the review and incorporation of existing plans, studies, reports, and Section 1
technical information? (Requirement 201.6(b)(3)
AS. Is there discussion of how the community(ies) will continue public participation in the plan .

: . Section 7
maintenance process? (requirement 2016(c)(4)(iii))
A6. Is there a description of the method and schedule for keeping the plan current (monitoring, Section 7
evaluating and updating the mitigation plan within a 5-year cycle)? (Requirement 201.6(c)(4)(i))
Element B — Hazard Identification and Risk Assessment
B1. Does the Plan include a description of the type, location, and extent of all natural hazards that can Sections 2
affect each jurisdiction? (Requirement 201.6 (c)(2)(i)) and 3a
B2. Does the Plan include information on previous occurrences of hazard events and on the probability Section 3a
of future hazard events for each jurisdiction? (Requirement 201.6(c)(2)(i))
B3. Is there a description of each identified hazard’s impact on the community as well as an overall Sections 3b,3c,
summary of the community’s vulnerability for each jurisdiction? (Requirement 2016(c)(2)(ii)) 3d, and 3¢
B4. Does the Plan address NFIP insured structure within the jurisdiction that have been repetitively Section 3a
damaged by floods? (Requirement 201.6(c)(2)(ii)
Element C — Mitigation Strategy
C1. Does the plan document each jurisdiction’s existing authorities, policies, programs, and resources
and its ability to expand on and improve these existing policies and programs? (Requirement Section 4
201.6(c)(3))
C2. Does the Plan address each jurisdiction’s participation in the NFIP and continued compliance with Section 3a

19 L. s . . . . . . . .
Location in the Plan” is referring to the primary plan Section where the requirement is met, and any appendices referenced in that section.

Multi-Jurisdictional Natural Hazard Mitigation Plan — Monmouth County, New Jersey 1-32
Revised Draft - 2014 Plan Update




NFIP requirements, as appropriate? (Requirement 201.6(c)(3)(ii))

C3. Does the Plan include goals to reduce/avoid long-term vulnerabilities to the identified hazards?
(Requirement 201.6(c)(3)(1))

C4. Does the Plan identify and analyze a comprehensive range of specific mitigation actions and
projects for each jurisdiction being considered to reduce the effects of hazards, with emphasis on new Section 6
and existing buildings and infrastructure? (Requirement 201.6(c)(3)(ii))

CS. Does the Plan contain an action plan that describes how the actions identified will be prioritized
(including cost benefit review), implemented, and administered by each jurisdiction? (Requirement Section 6
201.6(c)(3)(iii))

C6. Does the Plan describe a process by which local governments will integrate the requirements of the
mitigation plan into other planning mechanisms, such as comprehensive or capital improvement plans, Section 7
when appropriate? (Requirement 201.6(c)(4)(ii))

Section 5

Element D — Plan Review, Evaluation, and Implementation (applicable to plan updates only)

D1. Was the plan revised to reflect changes in development? (Requirement 201.6(d)(3)) Section 3d
D2. Was the plan revised to reflect progress in local mitigation efforts? (Requirement 201.6(d)(3)) Section 6
D3. Was the plan revised to reflect changes in priorities? (Requirement 201.6(d)(3)) Section 6
Element E — Plan Adoption

E1. Does the Plan include documentation that the Plan has been formally adopted by the governing Page %
body of the jurisdiction requesting approval? (Requirement 201.6(c)(5))

E2. For multi-jurisdictional plans, has each jurisdiction requesting approval of the plan documented Page i

formal plan adoption? (Requirement 201.6(c)(5))

[Element F — Additional State Requirements
|Add here |

General Overview of Modifications to the 2009 Plan as part of the 2014 Plan Update

This section documents how the planning team reviewed and analyzed each section of the prior version of
the plan (2009) and whether each section was revised as part of the 2014 Plan Update.

Consultants have reviewed the 2009 Plan, as well as FEMA’s recommended revisions from their 2009
review of the document. Meetings were held between the consultant, MCOEM, and FEMA to quantify
FEMA'’s expectations for the most critical improvements to be addressed during the plan update process.
It was the consultant’s opinion that the 2009 Plan would not be deemed to meet FEMA’s requirements,
given the changes to the FEMA guidance as released in the Local Mitigation Plan Review Guide in
October 2011 and the Local Mitigation Planning Handbook in March 2013.

The document has been streamlined, at the request of participating jurisdictions, and a good deal of
supporting documentation has been moved into Appendices reproduced only on CD but not in hard copy
in order to make the hard copy version of the plan more portable and user-friendly for those benefiting
from its contents. Printed hard copies of all data and appendices reproduced on CD will be kept on file by
MCOEM for inspection upon request. Applicable and relevant information from the last version of the
plan has been carried through to the updated text on a case by case basis. Many of FEMA’s
recommended revisions from their review of the 2009 Plan have also been addressed in this update.

As part of this update, every section of the earlier plan has been reviewed and comprehensively updated
as needed to achieve compliance with FEMA mitigation planning requirements outlined in the Local
Mitigation Plan Review Guide in October 2011 and the Local Mitigation Planning Handbook in March
2013 released several years after the initial plan was approved in February 2009.

Highlights of some key additional information appearing in this updated document include:

20 Participating jurisdictions will each be responsible for passing their resolutions after agency reviews are completed and FEMA indicates that
the plan is “Approvable Pending Adoption”. Each jurisdiction is responsible for providing a copy of their adoption resolution to MCOEM.
MCOEM is responsible for providing a copy of all resolutions to FEMA, and inserting hard copies into the bound document following Page i.
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A description of the planning process and associated outreach activities (to the public and other
stakeholders) that was undertaken as part of this update.

A listing of historical occurrences of the identified hazards since the last version of the plan was
prepared in 2009 (including but not limited to major disaster and emergency declarations).
Current information regarding changes in development, progress on local mitigation efforts, and
any changes in priorities.

The status of past projects and plan maintenance activities, as well as identification of new
mitigation strategies, for the County and each of the 53 municipalities who participated in the
plan update.

A full summary of local capabilities with local assessments of how their capabilities could be
improved to foster mitigation goals.

Incorporation of recently published information not available at the time of the 2009 Plan (such

as the New Jersey State Hazard Mitigation Plan of 2014).

Table 1.10 documents how each section of the plan was reviewed and analyzed, and whether each section
was revised as part of the update process.

Table 1.10
Overall Summary of Plan Transition — 2009 to 2014

2009 Plan 2014 Plan Update Comments

Section (s) Section(s)
Plan Adoption Plan Adoption Reviewed and updated to refer to the 2014 Plan Update, but
Resolutions Placeholder | Resolutions Placeholder | presentation remains largely unchanged.
Acknowledgements Acknowledgements Reviewed and updated to present details for the 2014 Plan Update, but

presentation remains largely unchanged.

Executive Summary

Executive Summary

Reviewed and updated to reflect current conditions. More specific
discussions of outreach activities have been added. County agencies
and stakeholder entities who participated on the Steering Committee
are now highlighted specifically. A paragraph has been added regarding
the improvements each JAT has made to its mitigation strategy, and
some broad brush descriptions of types of projects in the mitigation
strategies.

Section 1 — Introduction

Section 1 — Introduction

Reviewed and updated to present details of the 2014 Plan Update
process. General information about the County has been updated to
current conditions. Subsections regarding the planning process and
planning team organizational structure have been reorganized and
updated to streamline discussions and improve readability. Discussions
of outreach have also been reorganized and streamlined to improve
readability, and updated to present the substantially more
comprehensive and robust outreach activities undertaken during
the first update. Text has been added to more explicitly define the
incorporation of existing plans, studies, reports, and technical
information. The regulatory compliance section was revised from the
old Crosswalk references to the new Regulation Checklist. And a
section was added to provide an overview of modifications to the
previous version of the document.

Section 2 —
Identification of
Potential Hazards

Section 2 —
Identification of
Potential Hazards

Reviewed and updated to present details for the 2014 Plan Update, but
data presentation remains largely unchanged. Hazard descriptions have
been moved to an appendix.

Section 3a — Hazard
Profiles

Section 3a - Hazard
Profiles

Updated to reflect new data (such as newer flood maps) and recent
hazard event occurrences. Some restructuring of data presentation to
streamline content. Priority Risk Indices moved to new Section 3e.
Updated information has been incorporated such as new flood
maps, current repetitive flood loss property data, local assessments
of NFIP administration in each jurisdiction, newer coastal surge
mapping, new information on climate change and sea level rise, etc.

Section 3b —
Identification and
Characterization of
Assets in Hazard Areas

Section 3b —
Identification and
Characterization of
Assets in Hazard Areas

Reviewed and updated to reflect current conditions, but presentation
remains largely unchanged. Updated to include more recent County
parcel data and critical facilities layers; more recent HAZUS stock
data, and updated lists of historic and cultural resources.
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Table 1.10
Overall Summary of Plan Transition — 2009 to 2014

2009 Plan
Section (s)

2014 Plan Update
Section(s)

Comments

Section 3¢ — Damage
Estimates

Section 3¢ — Damage
Estimates

Damage estimates updated. HAZUS runs are now Level 2.
Incorporated more recent GIS data, latest hazard area maps, latest
critical facilities data, County parcel data, etc. as well as new
information on sea level rise. Restructuring to eliminate some
information, and move others to appendices.

Section 3d — Land Uses
and Development
Trends in Hazard Areas

Section 3d — Land Uses
and Development
Trends in Hazard Areas

Reviewed and updated to reflect jurisdictional reassessments of
current conditions, and revised to reflect changes in development
since the last plan was prepared. New subsections added regarding
development trends in hazard areas, and policies being implemented in
the next plan maintenance cycle that can provide some level of risk
reduction.

Not in the earlier draft

New Section 3¢ —
Conclusions on Hazard
Risk

New section added to present overall conclusions on hazard risk,
including Priority Risk Indices and Key Risk Findings.

Section 4 — Capabilities
and Resources

Section 4 — Capabilities
and Resources

This section was updated to reflect jurisdictional reassessment of
capabilities. Restructuring of the section moved some information into
appendices to streamline presentation.

Section 5 — Mitigation
Goals

Section 5 — Mitigation
Goals

Updated to reflect current state plan goals; presentation remains largely
unchanged.

Section 6 — Range of
Possible Mitigation
Actions Considered

Section 7 — Action Item
Evaluation and
prioritization

Section 8 —
Implementation
Strategies

Combined into a new
Section 6 — Mitigation
Actions

Sections were combined to streamline presentation of content and ease
readability. Some restructuring of information presentation. Update
provides status of projects in jurisdictional action plans in 2009,
along with information on relevance and whether the action would
be carried forward to the 2014 action plans. Updated strategies
include upwards of 300 actions and are robust approaches to
mitigation.

The most notable difference in this plan section will be observed with
regard to mitigation strategies for each jurisdiction. The entire planning
team spent a great deal of effort reconsidering risks and developing
substantially more robust mitigation strategies that address highest
hazards and key risk findings. Many more projects are included in
jurisdictional action plans. Actions are documented much more
thoroughly, and they now represent jurisdictional mitigation visions
with a significantly more focused aim at disaster resilience and risk
reduction.

Section 9 — Plan
Maintenance and
Integration

Section 7 — Plan
Maintenance and
Integration

Reviewed and updated to reflect current conditions and jurisdictional
preferences. Substantial expansion in the level of detail of plan
integration activities for the next plan maintenance cycle identified
by each JAT, along with a detailed jurisdictional assessment of
integration activities that were undertaken during the first S-year
cycle.

Section 10 — For More
Information

Section 8 — For More
Information

Presentation remains unchanged
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SECTION 2 — HAZARD IDENTIFICATION

SECTION 2 — HAZARD IDENTIFICATION

Monmouth County, New Jersey is vulnerable to a wide range of natural and human-caused hazards that
threaten life and property. FEMA’s current regulations and interim guidance under the Disaster
Mitigation Act of 2000 (DMA 2000) require, at a minimum, an evaluation of a full range of natural
hazards. An evaluation of human-caused hazards (i.e., technological hazards, terrorism, etc.) is
encouraged, though not required, for plan approval. Monmouth County has focused solely on natural
hazards at this time. Incorporation of human-caused hazards may be evaluated in future versions of the
plan, as it is a “living document” which will be monitored, evaluated and updated regularly.

Upon a review of the full range of natural hazards suggested under FEMA planning guidance, Monmouth
County has identified a number of hazards that are to be addressed in its Multi-Jurisdictional Hazard
Mitigation Plan. These hazards were identified through an extensive process that utilized input from three
key sources: Planning Committee members, research of past disaster declarations in the County, and the
New Jersey State Hazard Mitigation Plan. Readily available online information from reputable sources
(such as federal and state agencies) was also evaluated to supplement information from these key sources.
The most prominent online sources of data used in this assessment to identify the occurrence of various
hazards were records of declared disasters and emergencies maintained by FEMA and NJOEM, the
National Oceanic and Atmospheric Administration’s (NOAA) National Climatic Data Center (NCDC)
Storm Event Database, and the Spatial Hazard Events and Losses Database for the United States
(SHELDUS) maintained by the Hazards and Vulnerability Research Institute (HVRI) at the University of
South Carolina.

At a meeting of the CPG on September 28, 2012, CPG members considered the need for adding or
omitting any hazards covered in the 2009 Plan. All earlier assessments were determined to still be
applicable for the plan update. CPG members in attendance indicated their concurrence with these
findings by a show of hands; all who were present at the meeting were in support of the updated
assessment. Table 2.1 provides a summary of the hazard identification and evaluation process noting
which of the 22 evaluated hazards were identified as significant enough for further evaluation through
Monmouth County’s multi-jurisdictional hazard risk assessment (marked with a “M”).

Table 2. 1

Summary Results of the Hazard Identification and Evaluation Process

Storm Surge
Wave Action

ATMOSPHERIC GEOLOGIC

O Avalanche M Earthquake

M Extreme Temperatures O Expansive Soils

M Extreme Wind M Landslide

O Hailstorm O Land Subsidence

M Hurricane and Tropical Storm O Tsunami

M Lightning O Volcano

M Nor’easter

M Tornado OTHER

M Winter Storm M Wildfire
HYDROLOGIC

M Coastal Erosion

M Dam Failure

M Drought

M  Flood

|

|

M = Hazard considered significant enough for further evaluation through Monmouth County’s multi-jurisdictional hazard risk assessment.

Multi-Jurisdictional Hazard Mitigation Plan — Monmouth County, New Jersey 2-1
2014 Plan Update- Revised Draft



SECTION 2 — HAZARD IDENTIFICATION

Table 2.2' documents the evaluation process used for determining which of the initially identified
hazards are considered significant enough for further evaluation through Monmouth County’s multi-
jurisdictional hazard risk assessment. For each hazard considered, the table indicates whether or not the
hazard was identified as a significant hazard to be further assessed, how this determination was made, and
why this determination was made. The table works to summarize not only those hazards that were
identified (and why) but also those that were not identified (and why not). Hazard events not identified
for inclusion at this time may be addressed during future evaluations and updates of the risk assessment if
deemed necessary by the Planning Committee during the plan update process. Table 2.2 also documents
the planning team’s reassessment of hazard significance during the first plan update as part of its ongoing
maintenance of the plan to ensure that it reflects current conditions.

Appendix 2.1 lists the full range of 22 natural hazards initially considered for inclusion in the plan and
provides a brief description for each. Some of these hazards are considered to be interrelated or cascading
(i.e., hurricanes can cause flooding, storm surge and tornadoes), but for preliminary hazard identification
purposes these individual hazards are broken out separately. It should also be noted that some hazards,
such as earthquakes or winter storms may impact a large area yet cause little damage, while other hazards,
such as a tornado, may impact a small area yet cause extensive damage.

! Table 2.2 was updated to include events captured by readily-available data sources (particularly NCDC and SHELDUS

records) as of the summer of 2012. The sources themselves are not updated to the same end date across all hazards; hence, Table
2.2 will show event records through different end dates. In the Summer of 2012, most sources had been updated through 2011,
though some extended to 2012 and this variability is reflected in the table. Superstorm Sandy, however, was added for applicable
hazards (flood, wind, erosion, wave action) in early 2013 due to this particular event’s significance in Monmouth County. As of
January 9, 2013 NOAA NCDC and SHELDUS event records were only current through September 2012 and December 2011,
respectively, and therefore did not contain information on Sandy.
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SECTION 3a: RISK ASSESSMENT - HAZARD PROFILES

SECTION 3A - HAZARD PROFILES

Overview

This section includes detailed profiles for each of the hazards identified in the previous section and
described in Appendix 2.1. Each hazard profile includes a general description of the location of each
hazard, its extent (magnitude or severity), notable historical occurrences and the probability of future
occurrences. Profiles also include specific items noted by members of the Planning Committee as it relates
to unique historical or anecdotal hazard information for Monmouth County or a particular municipal
jurisdiction.

Table 3a.1 lists each significant hazard for Monmouth County and identifies whether or not it has been
determined to be a specific hazard of concern for each of the 54 jurisdictions (the County and each of its 53
municipalities) based on best available data and local information provided by the Planning Committee (e =
hazard of concern).

The remainder of this section will discuss, for each identified hazard, its:

* location (the geographic areas in the planning region that are affected by the hazard);

* extent (the strength or magnitude of the hazard);

* history of previous occurrences; and

* probability of future occurrences (the likelihood of the hazard occurring, in terms of general
descriptors, historical frequencies, or statistical probabilities).

Table 3a.1

mmary of Identified Hazard Events in Monmouth County
Atmospheric Hydrologic Geologic

Jurisdiction

Wildfire

Extreme
Temperatures
Extreme Wind
Hurricane and
Tropical Storm

Lightning
Nor’easter

Tornado

Winter Storm
Coastal Erosion
Dam Failure
Drought
Flood
Storm Surge
Wave Action
Earthquake
Landslide

Aberdeen, Township of
Allenhurst, Borough of
Allentown, Borough of
Asbury Park, City of

Atlantic Highlands, Borough of
Avon-By-The-Sea, Borough of
Belmar, Borough of

Bradley Beach, Borough of
Brielle, Borough of

Colts Neck, Township of
Deal, Borough of

Eatontown, Borough of
Englishtown, Borough of

Fair Haven, Borough of
Farmingdale, Borough of
Freehold, Borough of
Freehold, Township of

Hazlet, Township of
Highlands, Borough of
Holmdel, Township of
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Table 3a.1
Summary of Identified Hazard Events in Monmouth County
Atmospheric Hydrologic Geologic
@ = = g g

o= £ |55 w| 3 El 2| 2. Dl E| 2| 2|8

Jurisdiction E ‘E % g § g % 'g s 5 -E -E,J = E E % % "!;‘

s 9| E S 8| = o = ) = e 2 - < =] =

ZEE|EE 2|5 22|84 7 |E|5zE|5)°

=l g | = ; z 8 a n = =

Howell, Township of ° ° ° ° ° ° ° ° ° ° ° ° ° °
Interlaken, Borough of ° o o ° o ° ° [ [ ° ) )
Keansburg, Borough of ° o o ° ° ° ° ° ° [ [ [ ) )
Keyport, Borough of . ° ° ] ] . ] ] ° ° ° ° ° .
Lake Como, Borough of L o o ° ° ° ° [ [ ° ) )
Little Silver, Borough of L o o ° o ° ° ° ° [ [ ) ° )
Loch Arbour, Village of i ° ° i ° ° ° ° ° ° ° . . °
Long Branch, City of ] ° ° ] ] ] ] ] . . . ° ° .
Manalapan, Township of . . . ] . . . ° ° ° ° °
Manasquan, Borough of ° [ ° ° ° ° ° ° [ [ [ ) ) )
Marlboro, Township of . . . ] . . . ° ° ° °
Matawan, Borough of ° ° ° ° ° ° ° [ [ [ ) °
Middletown, Township of ° [ [ ° ° ° ° ° ° ° ° ° ° ° ° °
Millstone, Township of L ® ® L ° ° ° ° ° ° [ [
Monmouth Beach, Borough of o L L L o ° ° ° ° ° ° ° ° °
Neptune City, Borough of L 4 4 L L ° ° ° ° ° ° ° ° °
Neptune, Township of L 4 4 ° ° ° ° ° ° ° ° ° ° ° °
Ocean, Township of L L ° o o ° ° ° ° ° ° .
Oceanport, Borough of i ° ° i ° ° ° ° ° ° . . ° .
Red Bank, Borough of . . . . . . . ° ° ° ° ° °
Roosevelt, Borough of . . . . . . . ° ° ° °
Rumson, Borough of . . . . . . . . [ [ [ [ [ . [
Sea Bright, Borough of ° ° ° ° ° ° ° ° ° ° ° ° ° °
Sea Girt, Borough of ° ° ° ° ° ° ° ° ° ° ° ° ° °
Shrewsbury, Borough of ° o o ° ° ° ° [ [ [ ) )
Shrewsbury, Township of ° [ [ ° ° ° ° ° ° ° °
Spring Lake, Borough of L L L L L ° ° ° ° ° ° ° ° °
Spring Lake Heights, Borough of o ° L L L L ° ° ° ° ° °
Tinton Falls, Borough of ° o o o o o ° ° ° ° [ [ ) °
Union Beach, Borough of i ° ° i i ° ° ° ° ° ° ° ° .
Upper Freehold, Township of L ° ° ° i ° ° ° ° . °
Wall, Township of ° ° ° ) ) ) ) ° ° . . . ° . .
West Long Branch, Borough of ° [ [ ° ° ° ° [ [ [ ) )
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ATMOSPHERIC HAZARDS

Extreme Temperatures

Extreme Wind

Hurricane and Tropical Storm

Lightning

Nor’easter

Tornado

Winter Storm
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Extreme Temperatures

Location — Extreme Temperatures

Monmouth County is located in a region of the country that is susceptible to both extreme heat and extreme
cold. During periods of extreme temperature conditions, the effects are felt over a widespread geographic
area and it is generally assumed that the entire planning area is uniformly exposed to extreme heat and
extreme cold. Areas along the immediate coast might experience minor differences in apparent
temperatures due to the combined effects of air temperature, relative humidity, and wind speed.

Extent — Extreme Temperatures

The speed of onset of extreme temperature events typically offers 24 hours of warning time. The duration of
historic events in Monmouth County is typically less than one week. The extent of extremely cold
temperatures is typically measured through the Wind Chill Temperature (WCT) Index. The WCT Index
provides a formula for calculating the dangers from winter winds and freezing temperatures. It is,
essentially, a calculation of the temperature that is felt when the effects of wind speed are added to the base
air temperature. Figure 3a.1 shows the NOAA NWS Wind Chill Chart.

Figure 3a.1
NWS Wind Chill Index

&) Wind Chill Chart &
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Frostbite Times I:' 30 minutes I:l 10 minutes I:' 5 minutes

Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V°'9) + 0.4275T(V°')
Where, T= Air Temperature (°F) V=Wind Speed (mph) Effective 11/01/01

The extent of the extremely hot temperatures is typically measured through the Heat Index, which
calculates the dangers from high relative humidity and extremely hot temperatures. It is, essentially, a
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calculation of the temperature that is felt when the effects of relative humidity are added to the base air
temperature. Figure 3a.2 shows the NOAA NWS Heat Index.

Figure 3a.2
NWS Heat Index

NOAA national weather service: heat index
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Historical Occurrences — Extreme Temperatures

According to the National Climatic Data Center (NCDC), 85 days of recorded extreme heat events have
affected Monmouth County between May 1996 and June 2014. These incidents resulted in four deaths and
438 injuries in Monmouth County. Twenty-two of these events have occurred since the last version of the
plan was prepared. Some notable events include the following:

June 25, 1998. A two day hot spell brought some of the highest temperatures of the summer to New Jersey.
Injuries occurred when 15 people fainted at an outdoor ceremony in Fort Monmouth.

July 4-11, 1999. A brutal heat wave spanned the entire Independence Day weekend and ran through the 11th.
The combination of the temperature and humidity produced heat indices of around 110 degrees during the
afternoon of each day. Four heat-related deaths occurred in Monmouth County, mostly impacting elderly
persons in poor health with no air-conditioning and inadequate ventilation. Utility companies issued power
alerts and requested that customers reduce consumption, and some implemented rolling blackouts. High
temperatures were recorded at 100 degrees in Freehold and 99 degrees in Belmar.

August 1-3, 2006. A strong area of high pressure anchored over the East Coast pushed heat indices into the
105 to 110 degree range across the state. Local utility companies broke records for demand. Sporadic
blackouts occurred throughout the county. Several people were treated on the boardwalk for heat exhaustion.
A total of 35 people suffered from minor heat-related injuries in Belmar on August 2nd.
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June 7-10, 2008. Heat indices as high as around 100 were observed in northern
New Jersey. The NCDC reported heat related injuries across Monmouth County.
Many cooling centers were opened to assist senior citizens. In Monmouth and
Ocean Counties about 10,000 homes and businesses lost power.

| COOLING
CENTER

July 5-7, 2010. The hottest weather of the summer season occurred on July 5th
through the 7th throughout the state of New Jersey. Many high temperatures
exceeded 100 degrees for 2 to 3 consecutive days — with even higher heat index
values. There were cases of heat exhaustion along Monmouth County boardwalks.
A notable temperature of 104 degrees was recorded in Marlboro. Six people in
Monmouth County suffered heat related injuries during this event.

uuuuu

July 21-24, 2011. High temperatures during this heat wave reached into the 100’s. Afternoon heat indices
were in the range of 110 to 120 degrees in some locations. The largest concentration of heat related injuries
occurred at the Vans Warped Tour stop at Monmouth Park in Oceanport on the 24th. Three hundred and one
people were treated for heat exhaustion, twenty-seven were taken to hospitals, three were admitted.

July 17-18, 2012. An unseasonably hot and humid air mass affected New Jersey on the 17th and 18th. High
temperatures on the 17th reached into the mid to upper 90s in most places with afternoon heat indices near
100F. On July 18th, the combination of scorching high temperatures (around 100 degrees) and higher dew
points produced hourly afternoon heat indices that reached between 105F and 110F.

July 18-19, 2013. Widespread high temperatures reached into the mid to upper 90s and the most oppressive
days (combination of heat and humidity) occurred on the 18th and 19th. Morning lows those days were near
80 degrees in highly urbanized areas and afternoon heat indices reached 105 to 110 degrees. To combat the
heat, many cooling centers were opened.

According to the NCDC, 22 recorded extreme cold events have affected Monmouth County between
November 1994 and June 2014. Seven events have occurred since the last version of the plan was prepared.
No deaths or property damage was reported but 7 people did suffer injuries. Notable events include the
following:

January 13-28, 2003. A cold frontal passage initiated two weeks of unseasonably cold weather.The coldest
mornings were on the 18" and 28" as low temperatures dipped into the single digits or below zero. The
extreme cold caused homeless shelters to fill to capacity. Several water mains broke because of the extreme
cold. In Monmouth County, ferry service between the county and New York City was suspended from
January 23" through the 26" because of ice in Raritan Bay and around the piers in New York City. About 70
percent of Raritan Bay was frozen. About 4,000 commuters who took the ferries in Highlands, Atlantic
Highlands and the Belford section of Middletown Township had to scramble to find alternate ways to get to
and from Manhattan. In Frechold, a 12-inch water main burst on U.S. Route 9 on the 30™ that flooded and
closed the southbound lanes of the roadway. A low temperature of 4 degrees was recorded in Freehold.

January 2004. An arctic air mass brought some of the coldest weather in years to New Jersey from the
evening of the 9" through the morning of the 11", posing a dangerous situation for the homeless and the
elderly who could not afford to heat their homes. Many pipes froze and burst both inside and outside of
structures. Firefighters had difficulty battling blazes as the water quickly
turned to ice. There was a higher incidence of chimney fires and a
general shortage of firewood. Another arctic air mass on the 15™ brought
similar impacts. While temperatures were slightly higher than the
previous outbreak, winds were stronger and wind chill factors were lower
as well. Ferry service between Monmouth County and New York City
was cancelled because of excessive ice in Raritan Bay and the Hudson A IAT Ten
River. The low temperature at Freehold was recorded at 1 degree, and the WARMING CENTER
lowest hourly wind chill factor in Belmar was 23 degrees below zero.

January 16-18, 2009. A large arctic high pressure system moved toward the area during the 16th and 17th.
Maximum temperatures were only in the teens and minimums dropped into the single digits. Gusty winds
produced wind chill values to zero and below zero, especially during the nighttime hours.
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January 23, 2013. In Monmouth County, a 53-year-old man was in critical condition after he was found
outdoors near the intersection of Willow and Locust Streets in Highlands Borough without a coat and in bare
feet. Low temperatures on the morning of the 23 included 5 degrees in Howell, and 8 degrees in both Wall
and Holmdel.

January 2014. A series of three arctic blasts occurred on January 4™ 7™ and 22" Temperatures were
recorded at 1 degree below zero in Howell on the 4th. On the 7th, strong northwest winds produced wind chill
factors as low as 15 to 25 degrees below zero in most areas that morning. Low temperatures were near zero.
High temperatures struggled to reach double digits. The excessive cold caused some schools to either cancel
classes or have delayed openings. AAA Mid-Atlantic reported an 81 percent increase in service calls, mainly
for dead batteries. Amtrak reported extensive delays in its rail service. The cold weather also affected power
supplies. Electricity suppliers struggled to keep up with surging demand as the cold forced some power plants
to shut Utilities asked their customers where possible to switch to diesel or fuel oil.
While some low temperatures were higher than what occurred on January 4th, the wind made it feel much
colder than the air temperatures. Lowest hourly wind chill factors during the morning of the 7™ included 19
degrees below zero in Belmar. Lowest temperatures on the morning of the 22" included 7 degrees in Belmar
- or 13 degrees below zero with the wind chill.

Other notable reports of historical extreme temperature events include the following, as identified by
the Planning Committee:

*  The Borough of Farmingdale and the Township of Howell have experienced several heat emergencies
coupled with power outages that have required evacuation and shelter of senior facilities.

*  The Township of Holmdel indicated that many of the power distribution transformers are located “in
ground” and on days when temperatures reach or exceed 100 degrees it is not uncommon to have two or
three concurrent power outages in developments. Coupled with the potential for a wind event at the same
time, power outages could cause many heavily treed areas/developments to be without power for
extended periods. More and more “age restricted” developments also mean the potential for high impact
on the area’s growing senior population.

*  The Borough of Matawan has experienced rolling blackouts that have caused brief power outages during
the extreme heat, specifically causing an issue with signalized traffic control at main intersections
throughout the Borough.

*  The Township of Ocean has a history of dealing with extreme temperatures. Within the town, there are
multiple senior housing and low income housing units where local emergency management officials have
to perform welfare (courtesy) checks to assure they are prepared to overcome extreme heat or freezing
temperatures.

*  The Borough of Oceanport has experienced recent power loss situations coupled with extreme heat
events. Although no major damage or financial loss has occurred, power loss has impacted the local
population, and particularly seniors.

*  The Borough of Sea Girt indicated minor damages (pipe bursts) associated with past extreme cold events.

*  The Borough of Shrewsbury indicated that extreme temperature related events have recently been on the
rise. The Borough experiences power outages during extreme heat and drought conditions forcing water
usage restrictions. Cold temperatures create similar power outages and property damage due to freezing
water pipes in private homes and businesses alike.

*  The Borough of Tinton Falls noted that a historical extreme cold and ice storm event occurred February
14, 2007, which resulted in an emergency declaration.

e The Township of Wall experienced extreme temperature conditions in the late 1990s and early 2000s
including a couple of extreme heat and extreme cold events that caused damages. The extreme heat
significantly strained the power infrastructure resulting in many outages. During extreme cold, water
main breaks have often occurred.

*  Past extreme heat events in the Borough of West Long Branch have led to various power outages.
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Probability of Occurrence — Extreme Temperatures

Extreme temperature events will continue to have a high probability of occurrence in Monmouth County,
and the probability of future occurrences in Monmouth County is certain (higher for extreme heat than
extreme cold). While the impact of such occurrences on people and property is typically minimal, it is
anticipated that the threat to human lives and safety is increasing due to growing elderly populations in
many of Monmouth County’s municipal jurisdictions. According to the New Jersey State Hazard Mitigation
Plan, “Temperatures in the Northeast United States have increased 1.5 degrees Fahrenheit (°F) on average
since 1900. Most of this warming has occurred since 1970. The State of New Jersey, for example, has
observed an increase in average annual temperatures of 1.2°F between the period of 1971-2000 and the
most recent decade of 2001-2010 (ONJSC, 2011). Winter temperatures across the Northeast have seen an
increase in average temperature of 4°F since 1970 (Northeast Climate Impacts Assessment [NECIA] 2007).
By the 2020s, the average annual temperature in New Jersey is projected to increase by 1.5°F to 3°F above
the statewide baseline (1971 to 2000), which was 52.7°F. By 2050, the temperature is projected to increase
3°F to 5°F (Sustainable Jersey Climate Change Adaptation Task Force 2013).”

Extreme Wind

Location — Extreme Wind

Extreme wind events are experienced in every region of the United States. The extreme wind hazard area
covers the whole of Monmouth County and the entire planning area is uniformly susceptible to the extreme
wind hazard. Figure 3a.3 illustrates various wind zones throughout the country based on design wind
speeds established by the American Society of Civil Engineers. It divides the country into four wind zones,
geographically representing the frequency and magnitude of potential extreme wind events including severe
thunderstorms, tornadoes and hurricanes. The figure shows that all areas of Monmouth County are located
within Zone II and are susceptible to hurricanes, with a design wind speed for shelters of 160 mph (3-
second gust).

Figure 3a.3

Wind Zones in the United States
WIND ZONES IN THE UNITED STATES*

WIND ZONES
| ZONE |

" (130 mph)

! ZE!DHE Il
160 mpt)

OTHER CONSIDERATIONS y v
s [ ZONE i
Spacial Wind Reglon (200 mph)

FE5 * Murricane-Susceptibie Region I ZONE Iv
(250 mph)
* Design Wind Speed measurng criteria
ang consisient with ASCE 7.98
~ B-secaond gust

= 33 floet above grade
= Exposura C
Source: Federal Emergency Management Agency
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Extent — Extreme Wind

Extreme winds can occur alone, such as during straight-line wind events and derechos, or it can accompany
other natural hazards, including hurricanes and severe thunderstorms. Severe wind poses a threat to lives,
property, and vital utilities primarily due to the effects of flying debris or downed trees and power lines.
Severe wind will typically cause the greatest damage to structures of light construction, particularly
manufactured homes. Table 3a.2 illustrates the severity and typical effects of various sustained wind
speeds. These would be reflective of high winds associated with thunderstorms, hurricanes, tropical storms
and nor’easters. Typical effects of wind are very different for tornados; Table 3a.3 illustrates the severity
and typical effects of wind during tornados, as measured by various 3 second gusts. Note that tornados are
addressed separately later in this plan section.

Table 3a.2
Severity and Typical Effects of Various Sustained Wind Speeds
Sustained Equivalent
S‘:el:(;l* Saﬂ;rcasl;‘ff“’“ S]e)":;‘;yg:f Typical Effects
(mph) (Hurricanes)
0-73 Isolated damage for winds below 50 mph. Above 50 mph, expect some
(V35=0 to N/A ISOLATED minor damage to buildings of light material. Small branches blown from
88) trees.
Very dangerous winds will produce some damage: Well-constructed frame
74-95 homes could have damage to roof, shingles, vinyl siding and gutters. Large
(Vs =89 to 1 MINOR branches of trees will snap and shallowly rooted trees may be toppled.
115) Extensive damage to power lines and poles likely will result in power
outages that could last a few to several days.
Extremely dangerous winds will cause extensive damage: Well-constructed
96-110 frame homes could sustain major roof and siding damage. Many shallowly
(Vss=116 to 2 EXTENSIVE rooted trees will be snapped or uprooted and block numerous roads. Near-
130) total power loss is expected with outages that could last from several days
to weeks.
Devastating damage will occur: Well-built framed homes may incur major
11-129 damage or removal of roof decking and gable ends. Many trees will be
(Vis=131 to 3 DEVASTATING . L .
149) snapped or up?ooted, blocking numerous roads. Electricity and water will
be unavailable for several days to weeks after the storm passes.
Catastrophic damage will occur: Well-built framed homes can sustain
severe damage with loss of most of the roof structure and/or some exterior
130-156 .
(V15=150 t0 4 CATASTROPHIC walls. Most trees will be snapp'ed. or uprootgd agd power poles downed.
176 F gllen trees and power poles will isolate residential areas. Powpr outages
will last weeks to possibly months. Most of the area will be uninhabitable
for weeks or months.
Catastrophic damage will occur: A high percentage of framed homes will
157 or be destroyed, with total roof failure and wall collapse. Fallen trees and
higher 5 CATASTROPHIC| power poles will isolate residential areas. Power outages will last for weeks
(V3s>177) to possibly months. Most of the area will be uninhabitable for weeks or
months.

Source: National Oceanic and Atmospheric Administration
* The 2003 International Building Code Table 1609.3.1 was used to convert Saffir-Simpson sustained wind speeds to 3- second gusts (Vss)
for the purposes of comparison between hurricane and tornado winds.

TABLE 1609.3.1
EQUIVALENT BASIC WIND SPEEDS M

Vig &5 o 100 104 110 120 125 130 140 145 150 160 170
Ve T 5 1] &5 G 1 105 110 120 125 130 140 134y
ForS1: | mile per hour = (.44 ms.

1. Linear inberpa
b Wygis the 3-sm

om is permitied
vl gusl wind speed (mph).

. Wy is the Ensiesd mube wiand speed {mphl

** The Saffir-Simpson Scale is described further in this section under Hurricanes.
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Table 3a.3

Severity and Typical Effects of Various Tornado Wind Speeds
3-Second Gust

Maximum
Wind Equivalent
Speeds Enhanced . q
3 Second | Fujita Scale’ Severity Typical Effects
Gust (Tornadoes)
(mph)
65-85 EFO LIGHT Some damage to chlmneys; branches broken off trees; shallow-rooted
trees pushed over; sign boards damaged.
Peels surface off roofs; mobile homes pushed off foundations or
86-110 EF1 MODERATE overturned; moving autos pushed off the roads; attached garages may be

destroyed.

Roofs torn off frame houses; mobile homes demolished; boxcars
111-135 EF2 SIGNIFICANT | overturned; large trees snapped or uprooted; highrise windows broken
and blown in; light-object missiles generated.

Roofs and some walls torn off well-constructed houses; trains
136-165 EF3 SEVERE overturned; most trees in forest uprooted; heavy cars lifted off the
ground and thrown.

Well-constructed houses leveled; structures with weak foundations

166-200 EF4 DEVASTATING blown away some distance; cars thrown and large missiles generated.
Strong frame houses lifted off foundations and carried considerable
Over 200 EF5 INCREDIBLE distances to disintegrate; automobile sized missiles fly through the air in

excess of 100 m (109 yd); trees debarked; steel reinforced concrete
structures badly damaged.

Source: National Oceanic and Atmospheric Administration
* The Enhanced Fujita Scale is described further in this section under Tornados.

Historical Occurrences — Extreme Wind

Monmouth County has experienced numerous types of damaging extreme wind events in the past including
severe thunderstorms, tornadoes, hurricanes, tropical storms and nor’easters. According to NCDC, 240
recorded high wind events have affected Monmouth County since 1968 (data excludes tornado events
which are addressed separately within this section). Forty-seven of these have occurred since the last plan
was prepared. These incidents resulted in a reported total of one death, 78 injuries, and roughly $1.769
billion in property damages ($1.750 billion of which are related to Hurricane Sandy wind damages alone).
Some notable events include the following:

September 9, 1998. A squall line of severe thunderstorms capsized boats and downed trees and power lines
throughout Monmouth County. The USCG rescued about 60 people from overturned boats — mostly in Sandy
Hook Bay. About 30 people were injured and one man drowned. In Sea Bright, lifeguards rescued people
from a capsized catamaran. A wind gust to 75 mph was reported in Freehold.

August 7, 2000. A strong downburst produced by a severe thunderstorm produced wind gusts between 75
and 90 mph which caused significant tree damage in Marlboro and Colts Neck. Property damages were
estimated at $1 million. The most significant damage occurred in an area bounded by State Route 18 to the
west, County Route 537 to the south, Dutch Land Road to the north and Montrose Road to the east.

August 2, 2002. A line of severe thunderstorms brought hurricane-force wind gusts and downed thousands of
trees and power lines, damaging homes, vehicles and hundreds of poles. Most municipalities county reported
damage and a state of emergency was declared in the county. Damages were estimated at $10.2 million. A
wind gust of 83 mph was measured at the North Shrewsbury Ice Boat Clubhouse before the instrument broke.
In West Long Branch Borough, Monmouth University suffered extensive damage.
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July 22, 2003. A severe thunderstorm caused about
$500,000 in property damage. About 4,000 homes and
businesses lost power. Numerous tree limbs and one large
tree were downed in Wall. In Belmar, about 25 homes and
six cars were damaged, one home was shifted off its
foundation, and another home’s roof was ripped off.

January 18, 2006. Peak wind gusts nearly reached between
45 and 70 mph. In Middletown, a school bus struck a
downed tree, but no injuries occurred. Vehicles were
damaged by downed trees in Colts Neck and Englishtown.

August 17, 2007. High winds from strong to severe
thunderstorms during the afternoon and evening of August
17" caused damages in several areas of the county. Trees
and wires were downed in Monmouth Beach, Keansburg,
from Holmdel through Deal, and from Freehold southeast to
Manasquan. In Keansburg, a downed limb and wires
resulted in a fire which spread along electrical lines into a
house.

February 13, 2008. Strong winds collapsed two large
window walls at the Ocean Township Elementary School
gymnasium, which caused about $5,000 in damage. About
30 to 40 students from two gym classes were in the room at
the time; however, none were injured.

March 5, 2008. A line of severe thunderstorms produced
nearly $100,000 in wind related damage in Monmouth
County. In Eatontown, a large uprooted tree crushed one
trailer and ripped a hole in the roof of the trailer next door.
The same storm ripped siding from some other homes in the
area. Downed trees and closed roadways were reported in
Farmingdale, Wall and Neptune. Power outages because of
downed wires occurred in Bradley Beach, Eatontown,
Farmingdale, Howell and Neptune. Wind gusts of 61 mph
and 60 mph were measured in Sandy Hook and Tinton Falls
respectively. Two women were injured when a tree fell on
their vehicle in Manalapan. In Middletown, the Navesink
section was hit the hardest. Outages because of downed
trees and limbs occurred in Colts Neck, Englishtown,
Freehold, Hazlet, Middletown, Neptune, Oceanport and
Union Beach. A wind gust to 68 mph was measured at
Sandy Hook.

March 13, 2010. Strong to high winds downed thousands of
trees and tree limbs, damaged telephone poles and caused
record breaking utility outages. Damages of $500,000 were
reported by the NCDC for Monmouth County, though
damages were incurred across the state. Fallen trees
damaged homes. Numerous roadways were closed because
of downed trees and debris. Rail services were also
suspended because of downed wires and poles. A state of
emergency was declared state-wide on the 14™.
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August 27-28, 2011. Hurricane Irene made landfall as tropical storm at Brigantine (Atlantic County).
Monmouth County was impacted by tropical storm force sustained winds, with higher gusts including 63 mph
recorded at Sandy Hook and 52 mph in Belmar. High winds downed trees and power lines across the county,
with power outages reported for 121,000 homes.

October 29, 2012. Hurricane Sandy made landfall in Atlantic County as a post tropical storm in Brigantine.
Monmouth and Ocean Counties were the two hardest-hit counties in the state. Wind damage was estimated at
$1.5 billion in eastern Monmouth County, and at $250 million in western Monmouth County. Monmouth
County had the greatest number of sustained outages of any county in the state. Upwards of 45,000 fallen
trees had to be cut through to restore power, and power was unable to be restored to thousands of shore and
barrier island customers because of massive structure and infrastructure damages. Peak wind gusts ranged
from 61 mph in Wall to 87 mph at Sandy Hook. Maximum sustained winds included 68 mph at Sandy Hook
and 61 mph in Long Branch.

As mentioned earlier, extreme wind events are often associated with other notable events such as hurricanes
and tropical storms, nor’easters and winter storms — each of which are addressed separately within this
section. According to NCDC, several notable extreme wind events in Monmouth County were directly
associated with these event types, a sample of which are shown in Table 3a.4.

Table 3a.4
Other Notable Extreme Wind Events
Date Associated Event Type
11/14/1995 Nor’easter
10/08/1996 Tropical Storm Josephine
03/31/1997 Winter Storm
11/07/1997 Nor’caster
02/04/1998 Nor’caster
02/(23-25)/1998 Nor’easter
09/16/1999 Hurricane Floyd
01/25/2000 Winter Storm
04/09/2000 Winter Storm
09/11/2002 Tropical Storm Gustav
10/16/2002 Nor’easter
11/16/2002 Nor’easter
02/17/2003 Winter Storm
09/18/2003 Tropical Storm Isabel
03/08/2005 Winter Storm
02/11/2006 Winter Storm
09/01/2006 Remnants of Tropical Storm Ernesto
11/03/2007 Remnants of Hurricane Noel
09/07/08 Tropical Storm Hannah
12/(21-22)2008 Winter Storm
03/(01-01)2009 Nor’easter
10/05/09 Nor’easter
11/13/09 Nor’easter
12/26/10 Blizzard
08/(27-28)/2011 Hurricane Irene
10/29/12 Hurricane Sandy

Other notable reports of historical extreme wind events include the following, as identified by the
Planning Committee:

*  The Borough of Atlantic Highlands is located on Raritan and Sandy Hook Bays, and high winds routinely
cause large problems with boats, docks and buildings.

*  The Borough of Deal experienced extreme winds including microbursts during the reported August 2002
event that resulted in approximately $250,000 in damages to Borough facilities.
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*  The Borough of Fair Haven reports that wind damage has caused many problems to older large trees in town
over the last few years.

e The Borough of Freehold reported that many wind events have caused damages to street trees.

*  The Township of Marlboro had a straight line wind occurrence in the early 1990s that caused moderate
damage to a wooded area on School Road East.

*  The Borough of Matawan recently experienced an extreme wind event for one portion of town resulting in the
loss of power for the Freneau section and the closing of State Highway 79 for several hours due to downed
trees and power lines.

*  The Borough of Neptune City had numerous trees blown down with power lines taken down during a storm
event in 1993, causing many outages.

*  The Township of Neptune had several instances of wind damage due to Sandy: the top sections of two radio
towers were sheared off; the Ocean Grove auditorium lost a portion of its roof; and the Unexcelled Fire
Company on Highway 33 suffered roof damage and partial structural collapse.

e  The Township of Ocean has experienced several severe windstorms between 2002 and 2007 which caused
damage to both residential and commercial structures.

*  The Borough of Oceanport was devastated by the August 2002 storm event. For three days they had no
power, and the cleanup was extensive and costly.

*  The Borough of Rumson has seen damage in recent years due to wind, mainly on trees, telephone poles and
power lines.

e The Borough of Shrewsbury has sustained heavy tree damage during periods of heavy winds. Damage to
private property such as homes and automobiles have been documented on numerous occasions.

*  The Township of Upper Freehold experienced damaging wind events in August 2002 and August 2003,
which resulted in downed trees and utilities, and impassable roads.

Probability of Occurrence — Extreme Wind

Extreme wind events will continue to have a high probability of occurrence in Monmouth County, and the
probability of future occurrences in Monmouth County is certain. The entire planning area is susceptible to a
wide variety of recurring events that cause extreme wind conditions including severe thunderstorms (most
frequent), tornadoes, hurricanes, tropical storms and nor’easters. Based on historic occurrence data,
Monmouth County can expect approximately 5 to 10 extreme wind events per year.

Hurricane and Tropical Storm

Location— Hurricane and Tropical Storm

Hurricanes and tropical storms threaten the entire Atlantic and Gulf seaboard of the United States, and while
coastal areas are most directly exposed to the brunt of landfalling storms their impact is often felt hundreds of
miles inland. Monmouth County is located in a region of the country that is susceptible to all of the hazards
wrought by hurricanes and tropical storms. In the strictest sense, hurricanes and tropical storms are not hazards
in their own right but, rather, events where the primary damaging hazards are high-level sustained winds,
heavy precipitation that causes inland flooding and tornadoes (coastal areas are also susceptible to the
additional forces of storm surge, wind-driven waves and tidal flooding, which can be more destructive than
cyclone wind). The entire planning area is located within a geographic area that is affected by hurricanes and
tropical storms. The hazard areas for the accompanying extreme wind, storm surge, coastal erosion, riverine
flooding, tornadoes, and wave action hazards do, however, vary across the county. While mentioned here, each
of these individual forces are more thoroughly addressed as separate hazards within this section (i.e., extreme
wind, coastal erosion, flood, tornado, storm surge and wave Action).

Extent — Hurricane and Tropical Storm

As a hurricane develops, barometric pressure (measured in millibars or inches) at its center falls and winds
increase. If the atmospheric and oceanic conditions are favorable, it can intensify into a tropical depression.
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When maximum sustained winds reach or exceed 39 mph, the system is designated a tropical storm, given a
name and is closely monitored by the National Hurricane Center in Miami, Florida. When sustained winds
reach 74 mph the storm is deemed a hurricane. Hurricane intensity is further classified by the Saffir-Simpson
Scale (Table 3a.5), which rates hurricane intensity in categories on a scale of 1 to 5, with Category 5 being the
most intense. The Saffir-Simpson Scale categorizes hurricane intensity linearly based upon maximum
sustained winds, barometric pressure and storm surge potential, which are combined to estimate potential
damage. Categories 3, 4 and 5 are classified as “major” hurricanes, and while hurricanes within this range
comprise only 20 percent of total tropical cyclone landfalls, they account for over 70 percent of the damage in
the United States.

Table 3a.5
Saffir-Simpson Scale for Hurricanes

Cateso Maximum Sustained Minimum Surface Storm Surge
gory Wind Speed (mph) Pressure (Millibars) (Feet)
1 74-95 Greater than 980 3-5
2 96-110 979-965 6-8
3 111-129 964-945 9-12
4 130-156 944-920 13-18
5 157 + Less than 920 19+

Source: National Oceanic and Atmospheric Administration

Historical Occurrences — Hurricane and Tropical Storm

Monmouth County has an active history of hurricanes and tropical storms. According to NOAA historical
records, 36 hurricane or tropical storm tracks have passed within 75 miles of Monmouth County since 1850.
This includes six Category 2 hurricanes; five Category 1 hurricanes; and 25 tropical storms. Of the 36
recorded storm events, 11 tropical storm tracks traversed directly through Monmouth County. Figure 3a.3
shows the track of each recorded historical storm track in relation to Monmouth County. As can be seen in
the figure, almost all hurricane and tropical storm tracks traverse northward through the area. For each
event, Table 3a.6 provides the date of occurrence, storm name (if applicable), maximum wind speed (as
recorded within 75 miles of Monmouth County) and category of the storm based on the Saffir-Simpson
Scale.

Table 3a.6
Historical Storm Tracks within 75 Miles of Monmouth County (Since 1850)

Date of Occurrence Storm Name Max1mu1;1m\l’:’l1:)1d et Storm Category
8/20/1856 Unnamed 60 Tropical Storm
9/16/1858 Unnamed 90 Category 1 Hurricane
9/28/1861 Unnamed 70 Tropical Storm
11/3/1861 Unnamed 70 Tropical Storm
9/19/1863 Unnamed 60 Tropical Storm
10/30/1866 Unnamed 70 Tropical Storm
10/26/1872 Unnamed 45 Tropical Storm
09/30/1874 Unnamed 70 Tropical Storm
8/18/1879 Unnamed 105 Category 2 Hurricane
9/24/1882 Unnamed 45 Tropical Storm
8/22/1888 Unnamed 45 Tropical Storm
8/24/1893 Unnamed 85 Category 1 Hurricane
8/29/1893 Unnamed 65 Tropical Storm
10/10/1894 Unnamed 85 Category 1 Hurricane
9/24/1897 Unnamed 70 Tropical Storm
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Table 3a.6
Historical Storm Tracks within 75 Miles of Monmouth County (Since 1850)

Date of Occurrence Storm Name Maximm?m\;’li]l;d bt Storm Category
9/16/1903 Unnamed 80 Category 1 Hurricane
9/15/1904 Unnamed 65 Tropical Storm
5/30/1908 Unnamed 60 Tropical Storm
9/19/1936 Unnamed 100 Category 2 Hurricane

8/3/1944 Unnamed 40 Tropical Storm
9/14/1944 Unnamed 100 Category 2 Hurricane
9/1/1952 Able 40 Tropical Storm
8/31/1954 Carol 100 Category 2 Hurricane
8/19/1955 Diane 45 Tropical Storm
7/30/1960 Brenda 50 Tropical Storm
9/12/1960 Donna 110 Category 2 Hurricane
9/15/1961 Unnamed 40 Tropical Storm
8/28/1971 Doria 60 Tropical Storm
6/22/1972 Agnes 70 Tropical Storm
8/10/1976 Belle 90 Category 1 Hurricane
9/27/1985 Gloria 100 Category 2 Hurricane
9/24/1985 Henri 40 Tropical Storm
7/13/1996 Bertha 70 Tropical Storm
9/16/1999 Floyd 70 Tropical Storm
9/6/2008 Hanna 45 Tropical Storm
8/28/2011 Irene 65 Tropical Storm
10/29/12 Sandy Post-Tropical Storm

Source: National Oceanic and Atmospheric Administration
* As recorded within 75 miles of Monmouth County
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igure 3a.3
Historical Hurricane and Tropical Storm Tracks, 1856-2011*

Widiiin gton
-

* Source: NOAA 2013d; (latest date available from data source).
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Some notable events include the following:

September 14-15, 1944

The entire coast of New Jersey was struck by hurricane
force winds associated with the Category 2 Hurricane. Wind
velocities ranged from 90 miles per hour at Atlantic City to
over 100 miles per hour at New York City. The storm
produced a maximum tidal elevation of 7.4 feet at a gage in
Sandy Hook, located in the Township of Middletown.

September 12, 1960 (Hurricane Donna)

Hurricane Donna was a Category 2 storm when it reached
Monmouth County with wind speeds up to 110 miles per
hour. The concurrence of the hurricane tidal surge and mean
high tide resulted in a maximum tidal elevation of 8.6 feet at
the gage at Sandy Hook.

August 9, 1976 (Hurricane Belle)

Hurricane Belle, a Category 1 storm with wind speeds up to
90 miles per hour. In Asbury Park, 2.56 inches of rain fell in
a 24-hour period. At Beach Haven, a tidal surge combined
with high tide levels produced a tidal height six feet above
normal stage.

September 27, 1985 (Hurricane Gloria)

Hurricane Gloria came ashore in Long Island, New York as
a Category 2 storm. The storm knocked out power and
forced people to be evacuated from homes along the Jersey
Shore, including Monmouth County. Floodwaters on Long
Beach Island split the island in half for a period of time.
Gloria downed thousands of trees and caused extensive
power outages across the state. Storm surge tides averaged
two meters above predicted tide levels; however, coastal
flooding was minimized as the peak surge arrived during
low tide.

July 13, 1996 (Tropical Storm Bertha)

A weakening Tropical Storm Bertha passed across eastern
parts of the state on July 13th. One storm-related death
occurred on the 12th. A 41-year-old man from New Egypt
drowned while surfing at Ocean Beach in the Borough of
Belmar. Most beaches were already closed due to the rough
surf and the potential for rip tides. Otherwise, tidal
departures were about two feet or less from normal. Only
Monmouth Beach suffered severe beach erosion. Sixty feet
of the 120-foot wide beach at the south of the borough was
gone. This beach is one of dozens in New Jersey that was
being replenished under a U.S. Army Corps of Engineers
project. There was little beach erosion elsewhere. While
there was urban and poor drainage flooding, no serious
property or vehicular damage was reported and there were
only a few water rescues of trapped motorists.
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July 16, 1999 (Tropical Storm Floyd)

Tropical Storm Floyd will go down in history as one of
the greatest natural disasters to impact New Jersey before
Superstorm Sandy in 2012. Wind gusts rarely exceeded
50 mph, but all the flooding rains made it easier for trees
to be knocked over. In Monmouth County, the worst
flood-related problems occurred as the torrential rain
coincided with the high tide. The worst flooding was
reported in Union Beach and bay areas of Middletown,
requiring some evacuation. State Routes 35 and 36 were
closed due to flooding. Farther inland, Manalapan was
hardest hit with overflowing brooks that forced the
closure of six roads and sandbagging of homes on
Birmingham Road. The strongest winds occurred during
the evening and blew down transformers, wires, tree
limbs and several trees throughout the county. Coastal
areas escaped with minimal damage: just some minor
beach erosion and minor backbay flooding at times of
high tide. Precipitation storm totals in Monmouth County
include 6.4 inches in Hazlet, 5.82 inches in Marlboro, 5.2
inches in Sandy Hook, and 4.57 inches in Keansburg.

September 18-19, 2003 (Tropical Storm Isabel). Isabel
produced strong winds and rough surf. In Monmouth
County, $100,000 in property damage was recorded by
NCDC. Peak wind gusts included 52 mph in Keansburg,
and downed trees, tree limbs and power lines. While tide
heights along the oceanside only reached minor, wave
action caused beach erosion. The heaviest rain with
tropical systems often falls west of its storm track, thus
the region was spared from the heavier rain with most
locations reporting less than 1.5 inches.

September 6, 2008 (Tropical Storm Hanna)

Tropical Storm Hanna made landfall on September 6"
near the border of North and South Carolina before
making a second landfall in New lJersey in eastern
Cumberland County. Hanna brought heavy rain and
strong winds with storm totals ranging from around 2 to 5
inches and peak wind gusts in Monmouth County of 45
mph in Keansburg and Ocean Grove. The combination of
the winds and heavy rain caused some weak trees and tree
limbs to be knocked down. About 2,600 homes and
businesses lost power in Monmouth and Ocean Counties.
All power was restored by the 7™. Minor tidal flooding
occurred as the surge averaged around two feet. Many
scheduled events were either cancelled or postponed.
Strong rip currents on the 7" claimed the life of a 38-year-
old man in Spring Lake, and led to multiple rescues along
Monmouth County beaches including Long Branch, Sea
Bright, and Bradley Beach.
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August 27-28, 2011 (Tropical Storm Irene)
Irene produced torrential downpours that resulted in major
flooding and a number of record breaking crests on area
rivers, tropical storm force wind gusts with record breaking
outages for New Jersey utilities, and a three to five foot
storm surge that caused moderate to severe tidal flooding
with extensive beach erosion over the weekend of August
27-28, 2011. Irene was the costliest natural disaster in the
history of New Jersey after Tropical Storm Floyd (before
Sandy later struck in 2012). In Keansburg, Monmouth
Beach and Sea Bright it was mandatory for all residents to
evacuate. Evacuations in Asbury Park, Belmar, Bradley
Beach, Highlands, Middletown, Manasquan, Spring Lake,
Union Beach and Wall Township were limited to flood
prone areas. Power outages were widespread. Moderate to
severe tidal flooding occurred along the Atlantic Coast and
Raritan Bay. Coastal erosion was a major impact.
Preliminary damage estimates statewide were near one
billion dollars to approximately 200,000 homes and
businesses. The combination of wind and flooding forced
the closure of about 350 main roadways in the state. Among
the major roadways that were closed included U.S. Route 9
and State Routes 33, 35, 36 and 79. In Middletown, a dam
broke at the Swimming River Reservoir and flooded the
southern part of the township around County Route 50.
Elsewhere in the township, a bridge washed out at Hubbard
Avenue over the Navesink River. In Allentown, businesses
located near Doctors Creek and Conines Millpond were
damaged. In Matawan, a thirty-five foot sinkhole forced the
suspension of service along the New Jersey Transit North
Jersey Coast Line. The Manasquan River at Squankum had
major and record breaking flooding, cresting at 13.06 feet
on the 28th. Event rainfall totals included 8.75 inches in
Freewood Acres, 8.57 inches in Howell, 8.07 inches in Red
Bank, 6.72 inches in Eatontown and 6.13 inches in Lake
Como. FEMA reported that federal disaster assistance
statewide topped $275 million through December 12" As
of December 12
* 48,904 registrations were approved for assistance
* Nearly $152 million was approved under the Housing
Assistance program for housing repairs
* Nearly $100 million was approved in U.S. Small
Business Administration low-interest loans to 2,585
households and businesses
* More than $13 million was approved for Other Needs
Assistance (i.e., personal property, transportation,
medical/dental expenses, etc.)
* More than $10 million in Public Assistance funds for
rebuilding public infrastructure
* Nearly $100,000 Disaster Unemployment Assistance
for those who lost jobs because of the disaster
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October 29, 2012 (Post Tropical Storm Sandy). Prior to Sandy's arrival, Governor Christie called for voluntary
evacuations of barrier communities on the 26™. A State of Emergency was declared on the 27™ a mandatory evacuation
of all barrier island communities was ordered. More than 2,000 National Guard troops were deployed. Tolls along
sections of the Garden State Parkway and all of the Westbound Atlantic City Expressway were suspended. On October
28™ President Barack Obama signed a federal emergency declaration for New Jersey. All State Parks and Historic
Sites were closed. Late that afternoon, New Jersey transit began a gradual system-wide shutdown.

Sandy made landfall in Atlantic County as a post tropical storm in Brigantine City on the 29™. Approximately 130
miles of the Garden State Parkway was closed from Woodbridge in Middlesex County to its terminus in Cape May
County. The New Jersey Turnpike was closed in central New Jersey. Most schools were closed. The nuclear power
plants at Oyster Creek (Ocean County) and Salem (Salem County) suspended operations because of tidal flooding. On
the 30", the day after Sandy’s landfall, all 580 school districts in the state were closed. All courts and state offices were
closed. Over 200 roadways were closed. Numerous boil water advisories were issued for the northern and coastal parts
of the state, some that lasted into November. Governor Christie postponed Halloween in the state until November 5Sth.
On October 31%, Amtrak started limited rail service. State offices were still closed, but some schools reopened. Most
major roadways away from the immediate coast including the New Jersey Turnpike were reopened. On November 1st,
Governor Christie rescinded evacuation orders for some of the Atlantic County barrier islands. The River Line Transit
service between Camden and Trenton resumed. New Jersey Transit bus service resumed as did the Cape May-Lewes
Ferry. On November 2nd, the governor lifted the evacuation order for Atlantic City and the casinos opened the next
day. Evacuation orders were also lifted for Cape May County. Limited New Jersey Rail Service resumed. Because of
power outages, lines for gas reached 100 cars long in the northern part of the state. The governor declared a limited
state of emergency and imposed odd-even rationing for gasoline purchases in twelve northern New Jersey counties
because of the shortages. They remained in effect through November 12", The EPA temporarily suspended some
Clean Air Act restrictions. The entire state was also under odd-even water restrictions. On November 3™ about 75
major roadways were still closed. On November 4th, rail service between Philadelphia and Atlantic City resumed. It
was estimated that the average New Jersey beach became 30 to 40 feet narrower. It was difficult for people whose
homes were uninhabitable to find rental properties.

Sandy was the costliest natural disaster by far in the state of New Jersey. Record breaking high tides and wave action
combined with sustained winds as high as 60 to 70 mph with gusts as high as 80 to 90 mph battered the state.
Statewide, Sandy caused an estimated $29.4 billion in damage; destroyed or significantly damaged 30,000 homes and
businesses; affected 42,000 additional structures; and was responsible directly or indirectly for 38 deaths. A new
temporary inlet formed in Mantaloking (Ocean County) where some homes were swept away. About 2.4 million
households in the state lost power. It would take weeks for power to be fully restored.
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Hardest hit were the coastal areas of Ocean and Monmouth
Counties. Every municipality that bordered Raritan Bay and the
Atlantic Ocean suffered widespread damage in Monmouth
County and every inland municipality had at least some sporadic
damage. Union Beach and Sea Bright were among the most
hardest hit locations. In Sea Bright, many businesses were totally
destroyed and the fishing pier collapsed. Both Spring Lake and
Belmar had miles of their boardwalks destroyed. Some schools
were damaged beyond use. Monmouth University was used as an
evacuation center. The New Jersey Transit line had to be rebuilt
because it was severely damaged. Ferry service between
Manhattan and Atlantic Highlands was suspended indefinitely.
One death was reported, a 6l-year-old male who died of
hypothermia after failing to evacuate in Long Branch.

Sandy produced record breaking power outages. Statewide, 2.7
million utility customers lost power, by far surpassing the record
from Tropical Storm Irene in 2011. Public Service Electric and
Gas alone had power lost to 1.4 million of its customers and
reported about 48,000 trees had to be removed or trimmed to
restore power and over 2,400 poles had to be replaced. Jersey
Central Power and Light estimated that nearly 1.0 million of its
customers lost power, about ninety percent of its customer base.
This included hardest hit areas of Ocean and Monmouth Counties.
Monmouth County had the greatest number of sustained outages
of any county in the state. The utility had to cut through
approximately 45,000 fallen trees. It was unable to restore power
to about 30,000 of its shore and barrier island customers because
of massive infrastructure damage to those homes and businesses.
Elsewhere in the state, power restoration was hampered by a
nor’easter that occurred on November 7th. Public Service
Electric and Gas restored all power on November 12th and Jersey
Central Power and Light by November 14th.

The unique aspect of Sandy and unlike most tropical systems was
the multi-tide cycle increase of onshore winds prior to landfall.
This caused multiple high tide cycles with tidal flooding and also
helped produce catastrophic wave action. Record breaking or near
record breaking high tides were exacerbated by the high
astronomical spring tides associated with the full moon. Sandy’s
landfall coincided closely with the high tide cycle on the evening
of the 29", On the oceanside, Raritan Bay and the lower Delaware
Bay, minor tidal flooding started during the high tide cycle on the
morning of the 28" with some moderate tidal flooding during the
high tide cycle on the evening of the 28" Widespread major tidal
flooding occurred during the morning and evening high tide
cycles on the 29", The highest tide (and surge) along the ocean
front and Raritan Bay was with the landfalling high tide cycle on
the evening of the 29th. The ocean front and Raritan Bay surge
was 5 to 9 feet. A new all-time record tide was set in Sandy Hook.
The tide reached 13.31 feet above mean lower low water before
the pier collapsed about 45 minutes before high tide. An after the
event survey performed by the USGS and Rutgers University
determined that an estimated crest of 14.40 feet above mean
lower low water will be used as the new record for Sandy Hook.
The entrance to New York Harbor Buoy (a relatively new buoy)
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had record breaking seas of 32.5 feet. The Delaware Bay Buoy
(about 19 miles east of Fenwick Island, Delaware) had seas that
reached 24.5 feet. It was estimated that waves likely reached 12 to
24 feet along the ocean front with the largest waves along
Monmouth County. Most of the surveyed damage to barrier
island homes that were either destroyed or moved indicated that it
was the storm surge and wave action that caused most of the
damage. Either minor or no tidal flooding occurred with the
subsequent high tide cycles the rest of the month. The highest tide
reached a record breaking 13.31 feet above mean lower low water
in Sandy Hook before the pier collapsed approximately 45
minutes before the evening high tide on the 29™. The previous
record was 10.1 feet above mean lower low water during
Hurricane Donna on September 12, 1960 and the December 11,
1992 nor’easter. While there are no established benchmarks for
tidal flooding levels at these other stations, the following is a list
of the highest tides during Sandy. These may not represent the
highest actual tide as there were power outages and some of the
graphs plateaued at high crest. The tide gages whose peak crest
looks suspect (and may be higher) are marked with an asterisk. At
Keansburg* the highest crest was 8.96 feet above mean lower
low water, at Sea Bright, the highest crest was 13.79 feet above
mean lower low water, at Belmar™* the highest crest was 8.70 feet
above mean lower low water.

Strong winds associated with Sandy started to spread across the
state during the morning of the 29th; most of the peak wind gusts
(between 70 mph and 90 mph) occurred during the late afternoon
and evening hours as Sandy was making landfall. Most of the
strong wind gusts were over by the following morning. The most
widespread measured hurricane force wind gusts occurred in
northern Ocean County and in Monmouth County. Peak wind
gusts included 87 mph at Sandy Hook, 79 mph in Sea Girt,
Barnegat Light (Ocean County) and High Point (Sussex County),
78 mph in Brick Township (Ocean County), 75 mph in Long
Branch, 73 mph in Monmouth Beach, and 61 mph in Wall
Township. Maximum sustained winds included 68 mph at Sandy
Hook and 61 in Long Branch. Sandy was estimated to have
caused $1.75billion in wind-related property damages alone in
Monmouth County.

Heavy rain also occurred with Sandy. This made it easier for
shallow rooted and leafed trees to be uprooted, it also complicated
the tidal flooding. Event rainfall totals averaged 1 to 3 inches in
the northern half of the state and 3 to 7 inches in the southern half
of the state, except 6 to 12 inches along the southern tier counties
of Salem, Cumberland, Cape May County as well as coastal
Atlantic County. The steady rains associated with Sandy were
from the 28th to the 30th throughout most of the state.
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Probability of Occurrence — Hurricane and Tropical Storm

The probability of future hurricane and tropical storm events for Monmouth County is high. According to
NOAA statistical data, Monmouth County is located in an area with an annual probability of a named storm
between 18 and 24 percent (Figure 3a.4). This empirical probability is fairly consistent with other scientific
studies and observed historical data made available through a variety of federal, state and local sources.
According to the NOAA data on historical storm tracks, the annual probability of a hurricane or tropical
storm coming within 75 miles of Monmouth County is 22 percent. Also, a recent study headed by Colorado
State University's Dr. William Gray concluded that the probability of a named storm making landfall in the
vicinity of Monmouth County is 13.2 percent. Occurrences are most likely during the official Atlantic
hurricane season, which encompasses the months of June through November. The peak of the Atlantic
hurricane season is in early to mid-September and the average number of storms that reach hurricane
intensity per year in this basin is six. The probability of storm occurrences will vary significantly based on
the return interval for different categories of magnitude. The probability of less intense storms (lower return
periods) is higher than more intense storms (higher return periods). Table 3a.7 profiles the potential peak
gust wind speeds that can be expected in Monmouth County during a hurricane event for various return
periods according to FEMA’s HAZUS-MH" loss estimation methodology.

The frequency and intensity of coastal storms and severe weather events is expected to increase in the future
due to climate change. In the years to come, it is anticipated that Monmouth County will observe drastic
changes in storm character, intensity, frequency, and storm tracking. Hurricanes are likely to become more
intense with rising sea water temperatures. Coastal erosion rates are likely to increase with rising sea-level,
to levels higher than those rates that have been observed over the last century. Storm effects will be more
extensive in the future. The following types of impacts can be anticipated in Monmouth County’s future as
a result of climate change and sea level rise: inundation of low-lying areas; increased frequency and extent
of storm-related flooding; wetland loss; saltwater intrusion into estuaries and freshwater aquifers; land loss
through submergence and erosion of lands in coastal areas; migration of coastal landforms and habitats;
increased salinity in estuaries and coastal fresh; impacts to human populations (property losses, more
frequent flood damage, more frequent flooding of roadways and urban centers, risks to people as the
population of coastal areas increases); more buildings and infrastructure exposed; currently exposed
buildings and infrastructure could be subject to potentially greater losses as water levels increase, and
continued rapid coastal development exacerbates the impacts of sea level rise; impacts on gravity flow
stormwater systems; impacts on non-coastal areas. Impacts of climate change and sea level rise can affect
all parts of a community, including: transportation infrastructure (ports, marinas, airports, roads, bridges,
railways); public infrastructure (stormwater and wastewater management systems, drinking water supply
and distribution systems, power utility systems, communications systems); public facilities (i.e., police, fire,
ambulance, hospitals, schools, daycare centers, adult living facilities, historic landmarks, government
buildings, libraries, parks, etc.); economic viability of a community — particularly for communities where
tourism tends to drive local economies, as is the case in many of Monmouth County’s coastal communities.
Climate change and sea level rise could lead to a potential loss of assets that support tourism (i.e., beaches
themselves as well beach access points, lodging, restaurants, marinas, fishing habitats, ecotourism, etc.).

Table 3a.7
Peak Gust Wind Speeds versus Return Period for Monmouth County, NJ
10-Year 20-Year 50-Year 100-Year 200-Year 500-Year 1,000-Year
44 mph 63 mph 86 mph 102 mph 115 mph 132 mph 143 mph

Source: HAZUS-MH, MR2
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Figure 3a.4
Empirical Probability of a Named Storm*
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*Source: NOAA
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Lightning
Location and Extent — Lightning

Monmouth County is located in a region of the country that is susceptible to lightning strikes, though not as
susceptible as southeastern states. Figure 3a.4 shows a lightning flash density map for the years 1996-2000
based upon data provided by Vaisala’s U.S. National Lightning Detection Network (NLDN®).

Figure 3a.4

Lightning Flash Density in the United States

Vaisala's National Lightning Detection Network® (NLDN®)
Cloud-to-Ground Lightning Incidence in the Continental U.S. (1997 - 2010)
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All areas of Monmouth County are equally susceptible to lightning strike. While lightning occurs randomly
anywhere and anytime, the most common location for lightning fatalities and injuries to people is in open
areas such as parks, beaches, golf courses and other recreational areas. Monmouth County remains
susceptible to lightning deaths and injuries due to the large number of people who engage in outdoor
activities, particularly more so along the shoreline of its coastal jurisdictions.

Historical Occurrences — Lightning

According to NCDC, 50 recorded lightning strike incidents have affected Monmouth County from May
1997 to September 2014. A total of 18 events have occurred since the last version of this plan was prepared.
These incidents resulted in a reported total of seven deaths and 13 injuries, and caused an estimated $2.424
million in property damages. Some more notable events include the following:

September 15, 2000. Lightning struck the communications tower of the Neptune Township Police
Department, damaging the police radios, repeaters and dispatch consoles. All 911 calls were forwarded to the
county center. The police operated from a backup communications center until normal operations resumed
later in the evening. Damages were estimated at $40,000.
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August 27, 2001. Lightning struck a three-story home in Upper Freehold Township. The four alarm fire
totally destroyed the home and damages were estimated at $500,000.

July 11, 2002. A woman was fatally struck by lightning in Bradley Beach. She was found in distress on the
beach with burn marks on the mid-section of her body before she died.

August 17, 2007. A severe thunderstorm caused two fatalities and an estimated $200,000 in damages across
Monmouth County. A woman was struck by lightning as she was about to enter a restaurant on U.S. Route 9
North in Howell. She was pronounced dead about one hour later. A two-story home's roof was struck by a
bolt of lightning in Middletown Township. A fire in the attic area caused moderate damage.

June 1, 2010. A 12-story condominium was evacuated for three days after a lightning strike struck one of the
towers and knocked out the sprinkler system pump, which is needed to get water up to the twelfth floor in the
event of a fire. Estimated damages were $10,000.

July 13, 2010. Two lightning strikes caused about 8,200 homes and businesses to lose power in Ocean
Township. The lightning struck a power substation and a transformer around East Mall Drive and State Route
35. Damages were estimated at $5,000.

July 19, 2010. A line of strong to locally severe thunderstorms occurred. A man was struck and killed by
lightning in Middletown while in contact with a tree and observing a house fire that was started by a previous
lightning strike. Another man and a police officer were also injured by the same lightning strike. A lightning
strike set the attic of a house on fire in Middletown Township. One firefighter was injured. Damages were
estimated at $25,000.

September 16, 2010. Lightning struck the roof of an apartment building in Eatontown. About three
apartments sustained fire damage and all units below them suffered water and smoke damage. Tenants from
all twenty-four units were evacuated for at least one night. No injuries were reported. Damages were
estimated at $100,000.

July 7, 2011. For the third time in 2011, the water treatment plant in Allentown Borough was struck by
lightning. This lightning strike fried computerized controls and caused about an estimated $40,000 in
damages.

August 14, 2011. A lightning strike and ensuing fire badly damaged a Maxim Road home in Howell. The fire
started toward the rear of the home's attic and third floor and spread to the second floor before it was declared
under control at 9 a.m. EDT. No serious injuries were reported but the fire was estimated to have caused
$225,000 in damages.

August 21, 2011. An estimated $22,000 in damages was reported due
to lightning strikes during this event. A lightning strike started an
insulation fire at a home in Atlantic Highlands. Lightning struck a
cable wire and traveled along it and ignited the home's insulation. No
injuries were reported. Lightning struck the Monmouth County 911
radio tower in Freehold. A lightning strike to one of its water towers on
Union Lane caused Brielle to declare an emergency on the 21 The
lightning strike damaged electrical panels and also short circuited the
entrance gate and a computer on the premises.

August 13, 2013. A complex of showers and thunderstorms produced
wind damage and flash flooding. Cloud-to-ground lightning strikes
peaked at 6,000 per hour as this complex moved through New Jersey.
The thunderstorms caused about 14,500 homes and businesses to lose
power on the 13th. A lightning strike at the Borough Hall in
Manasquan caused damage and disrupted the communication systems
in the borough. They were transferred to other facilities.
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Other notable reports of historical lightning events include the following, as identified by the
Planning Committee:

*  The Borough of Bradley Beach has dealt with at least two significant lightning situations in recent years, one
in which lightning struck the ocean in the vicinity of a swimmer who was killed, and the other was a lightning
storm in which two houses were struck causing extensive damage.

*  The Borough of Farmingdale’s Police Department radio tower was struck once and lost power (a portable
field communications unit was mobilized to handle dispatch duties).

*  The Borough of Highlands has experienced lighting storms, which have resulted in buildings being struck and
damaged, trees being struck and knocked down thus blocking roadways and critical facilities (Borough Hall
and Police Department) being struck and having computer and electrical equipment damaged/destroyed.

*  The Borough of Keansburg’s Police Department radio tower has been struck by lightning twice.

*  The Borough of Matawan Police Department Headquarters suffered a direct lightning strike in 2005 which
resulted in the loss of power and all communication, including radio, telephone and computer equipment.

e The Township of Ocean has experienced numerous lightning events which caused several large trees to come
down onto private property and cause extensive damage.

*  The Borough of Oceanport had a police officer on traffic post during the summer struck during a lightning
event. The lightning knocked him to the ground, but he suffered no serious injury.

*  The Borough of Sea Bright has experienced lightning strikes in the past knocking out power stations and
pumping (sewer) stations.

*  The Township of Upper Freehold reports that from February 2000 to August 2007 records from the fire
company show that lightning struck 15 houses (one of which burnt to the ground), plus numerous power
poles and transformers and trees that endangered structures.

Probability of Occurrence — Lightning

The probability of occurrence for future lightning events in Monmouth County is certain. According to
NOAA, Monmouth County is located in an area of the country that experiences three lightning flashes per
square kilometer per year (approximately 2,300 flashes countywide per year). Given this regular frequency
of occurrence, it can be expected that future lightning events will continue to threaten life and cause minor
property damages throughout Monmouth County.

Nor’easter

Location — Nor’easter

Nor’easters threaten the entire Atlantic Coast of the United States, and while coastal areas are most directly
exposed to the damaging forces of such storm systems their impact is often felt far inland. Monmouth
County is located in an area that is extremely susceptible to nor’easters. All areas throughout the County are
susceptible to the hazard effects of extreme wind, flooding and heavy snowfall. Monmouth County’s
coastal jurisdictions are also extremely susceptible to the added effects of storm surge, wave action, coastal
erosion and tidal flooding."

Extent — Nor’easter

While there are a variety of indicators for nor’easter intensity, Table 3a.8 describes the Dolan-Davis
Nor’easter Intensity Scale which is based on coastal storm erosion, degradation and property damage.

Distinct hazard area locations for coastal flooding, wave action and coastal erosion are discussed elsewhere in this section.
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Table 3a.8
Dolan-Davis Nor’easter Intensity Scale

Storm Class Beach Erosion Dune Erosion Overwash Property Damage
1 .
WEAK Minor changes None No No
2 Modest; mostly to .
MODERATE lower beach Minor No Modest
3 Erosion extends .o
SIGNIFICANT | across beach Can be significant No Loss of many structures at local level
4 Severe beach erosion | Severe dune erosion .
SEVERE and recession or destruction On low beaches Loss of structures at community-scale
5 Extreme beach Dunes destroyed Massive in sheets Extensive at regional-scale; millions
EXTREME erosion over extensive areas | and channels of dollars

Source: Federal Emergency Management Agency

Historical Occurrences — Nor’easters

Monmouth County has a lengthy history of devastating impacts wrought by nor’easters. This includes
damages caused by the effects of extreme wind, heavy rain, snow, wave action, storm surge, coastal
flooding and beach erosion (also addressed separately within this section).

One of the state’s worst nor’easters occurred on March 6-8, 1962 when gale force winds (sustained of 45
miles per hour and gusts to 70 miles per hour) kept storm surges on shore for five successive high tides
during a three-day period with a maximum tidal elevation of 7.8 feet at the Sandy Hook gage. During these
tides, waves reached heights of 20 to 30 feet doing tremendous damage to dunes and coastal properties. The
erosive effect of the storm reportedly changed the face of the shoreline, eroding some beaches entirely
away, while also carving new channels and inlets in Monmouth County. Many inland areas were inundated
as well, with hundreds of homes damaged or destroyed.

Other notable nor’easter events include the following:

November 25, 1950. This nor’easter brought gale force winds and more than three inches of rainfall to the
entire coastline of Monmouth County. A wind velocity of 70 miles per hour was recorded in the City of Long
Branch. The gage at Sandy Hook recorded a maximum tidal elevation of 7.2 feet.

March 1984, October 1991 and January 1992. Nor’easters in March 1984, October 1991, and January 1992
all caused severe beach and dune erosion, widespread damage to oceanfront roads, promenades and
boardwalks, as well as extensive flooding to coastal and riverine areas. These storm events coincided with
astronomically high tides, which worsened the flooding, erosion and associated damages.

December 1992. The nor’easter of December 1992 was the harshest New Jersey storm since 1962, in terms
of both damage and weather conditions. The storm caused extreme coastal flooding and extensive beach
erosion. Tide heights ranged from a little over 9 feet above mean low water along the ocean front, to an
estimated 10 feet above mean low water on some back bays, which is four to five feet above normal. The
storm resulted in destruction of public property including debris-ridden roadways, beach erosion, collapsed
public facilities, boardwalks and damage to storm drainage facilities. Private properties were also pummeled
by the storm; some of these properties were rendered uninhabitable.

According to NCDC, 18 nor’easters have affected Monmouth County since 1993. Some notable events
include the following:

March 12-13, 1993. According to the National Weather Service, this "Storm of the Century" was an
extremely intense nor'easter which impacted New Jersey with a wide variety of hazardous weather. It was one
of the most powerful storms (tropical or extratropical) on record to hit New Jersey, having a record low
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minimum central pressure of 961 millibars at almost the same time as it passed over New Jersey.
Accumulations ranged from three to six inches on the southeastern sections, six to 14 inches in east central
and southwestern sections, 10 to 18 inches in west central and northeastern sections, and 15 to 26 inches in
northwestern sections. Winds were sustained at 30 to 45 mph, with gusts to 75 mph (hurricane force)
measured in Cape May. Moderate coastal flooding occurred the morning of the 13th as a result of the high
winds, tides and pounding surf, with waves of six to eight feet above high tide levels. Tide levels reached
seven to 7.5 feet above mean low water in the back bays.

February 4, 1998. The strongest nor’easter of the winter season battered coastal New Jersey. Monmouth
County was spared by the eastward movement of the nor’easter off of Cape Hatteras, experiencing moderate
to severe beach erosion due to the continuous onshore flow. Two to four feet of beach were lost in most areas.
At Sandy Hook, tides measured 3.2 feet above normal and about 80 percent of the new sand placed in a
replenishment project was lost as several hundred feet of beach disappeared. Both Bradley Beach and Ocean
Grove were hard hit by erosion. The waves washed sand onto Ocean Avenue in Bradley Beach. State Route
36 was flooded in Sea Bright. In Middletown, Raritan Bay tidal flooding closed roads.

February 24, 1998. Another strong nor’easter brought very strong winds and coastal flooding to the New
Jersey Shore. But, unlike the previous nor’easter, the worst conditions affected Monmouth County. Tidal
departures averaged around three feet above normal. A breach in the sea wall occurred in Allenhurst.
Flooding forced the closure of New Jersey State Routes 35 and 36 in Keyport, Ocean Avenue in Sea Bright
and the entrance road to Sandy Hook, as well as several roads along the bay side of Sea Bright. Wind gusts
reached as strong as 61 mph in Ocean Grove.

October 16, 2002. A strong nor’easter caused tidal flooding along the New Jersey coast and in the back bays,
gusty winds and beach erosion. Tides, winds and erosion were worse in Ocean and Monmouth counties than
farther south. Two downed trees damaged a home in Wall Township. Peak wind gusts included 49 mph winds
in Keansburg and 47 mph winds at Sandy Hook. Streets were knee deep in water in Sea Bright. Water spilled
over the docks along the Shark River and also in Manasquan. Several roads were flooded in Manasquan, and
the Glimmer Glass Bridge was left in the open position. Tides reached seven feet above mean low water at
Sandy Hook and six feet above average tide levels in Sea Bright.

December 5-6, 2003. A nor’caster dropped heavy snow across much of New Jersey. Many municipalities
declared snow emergencies to help clear the roads for plowing. A man died in Millstone Township after his
vehicle left the westbound lanes of Interstate 195 and struck a tree. Specific snow accumulations included 15
inches in Clarksburg, 12.8 inches in Cream Ridge, and 11.5 inches in Oakhurst.

March 15-17, 2007. Strong to high winds along coastal areas with heavy rain and snowfall and minor tidal
flooding occurred as a result of the nor’easter. Precipitation started as rain on the evening of the 15", and
changed over quickly to snow. Storm totals averaged 1.5 to 3.0 inches across southeast New Jersey, 2 to 6
inches across much of central New Jersey (including Monmouth County) and 6 to 12 inches across
northwestern New Jersey. High winds caused a few scattered power outages. Heavy rains that preceded the
snow resulted in minor flooding. Minor tidal flooding occurred with the evening high tide on the 16th
including 6.89 feet above mean lower low water at Sandy Hook. Motor vehicle accidents were widespread.
Two people were injured after their vehicle struck a pole on State Route 36 in Middletown. In Highlands, on
the same route, five people were injured in a three vehicle accident.

April 15-16, 2007. Statewide damage was estimated at $180 million dollars. NOAA NCDC damage records
indicate $1 million dollars of damages in Monmouth County associated with this system. At the time, it was
the second worst rain storm (not related to a hurricane) in the state's history. Widespread minor tidal flooding
with pockets of moderate tidal flooding occurred along Delaware Bay, Raritan Bay and the Atlantic Ocean. It
also caused beach erosion. The worst reported tidal flooding occurred in Monmouth County where tidal
flooding occurred for up to three high tide cycles. The combination of the run-off from the heavy rain and the
tides caused many roads to flood including State Roads 35 and 36. Municipalities affected by tidal and
roadway flooding included Aberdeen, Belford, Belmar, Hazlet, Manasquan, Middletown, Port Monmouth,
Sea Bright and Union Beach. In an effort to reduce tidal flooding, water was pumped from Lake Como in
Belmar. On the beaches themselves, vertical cuts to the beaches averaged 2 to 4 feet, but reached as high as 6
feet in Sea Bright, Deal and Asbury Park. Cuts to the dune systems themselves occurred in Deal, Long
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Branch, Monmouth Beach and Sea Bright. The horizontal dune cut in Sea Bright reached 1500 feet. The
highest tides included 8.13 feet above mean lower low water at Sandy Hook (Monmouth County) on the
morning of the 16™. Minor tidal flooding starts at 6.7 feet above mean lower low water and moderate tidal
flooding starts at 7.7 feet above mean lower low water. The heavy rain also closed roadways inland in
Monmouth County in Brielle, Howell, Manasquan and Middletown. In Wall Township, the Allenwood-
Lakewood Bridge was closed. Precipitation totals included 3.64 inches in Keansburg, 3.00 inches in
Oceanport, 2.45 inches in Sea Girt, 2.38 inches in Manasquan, and 2.32 at Belmar Airport. The combination
of the heavy rain, even some snow and the winds helped knock down numerous trees and power lines. Peak
wind gusts averaged between 40 and 60 mph.

October 15-19, 2009. A pair of nor'easters caused minor to moderate tidal flooding along the ocean from the
evening high tide of the 15th into the morning high tide of the 19"™. Heavy surf contributed to and exacerbated
erosion along the coast. Several major roadways were flooded and closed. In Monmouth County, roadways
were closed in Monmouth Beach, Sea Bright and Manasquan. Peak wind gusts reached around 45 mph from
Monmouth County southward. A few trees were knocked down in Monmouth County.

November 12-14, 2009. A powerful nor'easter produced wind gusts to nearly 60 mph, widespread moderate
tidal flooding, heavy rain and severe beach erosion along the New Jersey coast. By several measures this was
one of the worst nor'easters to affect New Jersey since 1990. The Dolan Davis Nor'easter power ranking for
Long Island Buoy 44025 ranked it 4™ strongest nor’easter to affect New Jersey since 1990, and the strongest
since March of 1994. The Miller Storm Erosion Index and the Kraus and Wise Maximum Wave Run-up
Index were both ranked second only to December 1992 nor'easter. The highest winds occurred from the
afternoon of the 12th into the afternoon of the 13th. Several thousand people lost power. The heaviest rain fell
on the 12th. The highest tides in Monmouth County occurred with the morning high tide on the 14th. Those
were the highest tides in central and southern New Jersey since either 1998 or 1996. Tidal departures reached
up to four feet. Governor Jon Corzine declared a state of emergency in Atlantic, Burlington, Cape May,
Cumberland, Ocean and Monmouth Counties on November 15th. More than $500,000 in damages was
reported by NOAA in Monmouth County.

Other notable reports of historical nor’easter events include the following, as identified by the
Planning Committee:

*  The Township of Aberdeen has experienced significant beach erosion caused by past nor’easter events.

*  The Borough of Atlantic Highlands suffered more than $4 million in damages from the 1992 nor’easter,
not including damages to private boats. Repairs to local infrastructure took two years to complete.

*  The Borough of Avon-By-The-Sea reportedly experienced the most severe damage in the past 40 years
during the 1992 nor’easter event.

*  The Borough of Bradley Beach has been victim to several nor'easters over the years, which have caused
extensive destruction and beach erosion.

*  The Borough of Deal cites that annual storm events cause flooding of Poplar Brook and beach erosion.

e The Borough of Fair Haven indicated that power outages lasted up to six days during the 1992 event.

*  The Borough of Little Silver reported that the 1992 event was devastating, and resulted in an 11-foot
storm surge for the area.

*  The Borough of Manasquan’s local records indicate that the 1992 nor’easter brought the highest tide of
recent memory, with an approximate tide height of 5 feet above average.

*  The Township of Marlboro has had issues with power outages, localized flooding, and significant snow
storms causing lengthy disruptions of service to the community as well as limiting the public’s ability to
travel and commute.

e The Borough of Matawan has experienced minor flooding and other effects from nor’easters, but no
major damages to date.

e The Borough of Neptune City has had numerous nor’easters affect the area, with most of the damage
attributed to downed power lines and trees as well as flooding from the Shark River.

*  The Township of Neptune had beach erosion during the 1992 nor’easter, and the Ocean Grove area lost
portions of the boardwalk and had localized flooding. Evacuations were conducted along the North
Island/South Concourse area due to flooding. In the Shark River Hills area, there was localized flooding,
road closures, and property damage.
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*  The Township of Ocean reports that nor’easters have caused extensive damage throughout the township
between the years 2000 and 2005.

*  The Borough of Sea Girt has experienced flooding, beach erosion and major property damage associated
with nor’easter events. The 1992 event caused major infrastructure damage along Ocean Avenue and the
boardwalk.

*  The Borough of Union Beach indicated that severe storm impacts were felt in the area following the 1992
nor’easter event.

*  The Township of Upper Freehold reports that approximately $10,000 was spent on debris removal and
emergency response associated with the 1992 event. Damages and impacts included road obstructions,
flash flooding, downed utilities, and the destruction of a communications tower. Another nor’easter event
in April 2007 caused flooding to roads and private property.

*  The Borough of West Long Branch indicated that some minor flood damage has occurred as a result of
past nor’easters.

Probability of Occurrence — Nor’easters

Nor’easters will continue to have a high probability of occurrence for Monmouth County, and the
probability of future occurrences affecting all of Monmouth County’s jurisdictions is certain. The frequency
and intensity of coastal storms and severe weather events is expected to increase in the future due to climate
change. In the years to come, it is anticipated that Monmouth County will observe drastic changes in storm
character, intensity, frequency, and storm tracking. Hurricanes are likely to become more intense with rising
sea water temperatures. Coastal erosion rates are likely to increase with rising sea-level, to levels higher
than those rates that have been observed over the last century. Storm effects will be more extensive in the
future. The following types of impacts can be anticipated in Monmouth County’s future as a result of
climate change and sea level rise: inundation of low-lying areas; increased frequency and extent of storm-
related flooding; wetland loss; saltwater intrusion into estuaries and freshwater aquifers; land loss through
submergence and erosion of lands in coastal areas; migration of coastal landforms and habitats; increased
salinity in estuaries and coastal fresh; impacts to human populations (property losses, more frequent flood
damage, more frequent flooding of roadways and urban centers, risks to people as the population of
coastal areas increases); more buildings and infrastructure exposed; currently exposed buildings and
infrastructure could be subject to potentially greater losses as water levels increase, and continued rapid
coastal development exacerbates the impacts of sea level rise; impacts on gravity flow stormwater systems;
impacts on non-coastal areas. Impacts of climate change and sea level rise can affect all parts of a
community, including: transportation infrastructure (ports, marinas, airports, roads, bridges, railways);
public infrastructure (stormwater and wastewater management systems, drinking water supply and
distribution systems, power utility systems, communications systems); public facilities (i.e., police, fire,
ambulance, hospitals, schools, daycare centers, adult living facilities, historic landmarks, government
buildings, libraries, parks, etc.); economic viability of a community — particularly for communities where
tourism tends to drive local economies, as is the case in many of Monmouth County’s coastal communities.
Climate change and sea level rise could lead to a potential loss of assets that support tourism (i.e., beaches
themselves as well beach access points, lodging, restaurants, marinas, fishing habitats, ecotourism, etc.).

Tornado

Location — Tornado

Monmouth County is located in an area that is susceptible to tornados, though their occurrence is not nearly
as frequent or intense as it is in other regions of the country. Of the roughly five tornadoes that touch down in
New Jersey each year, most tend to be of low magnitude (from EF0 to EF2) and typically impact only
relatively small areas. Figure 3a.5 shows tornado activity in the United States based on the number of
recorded tornadoes per 1,000 square miles. Tornadoes are completely random and it is not possible to predict
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specific tornado hazard areas. Tornadoes can occur anywhere, and no one location is more susceptible than
another. All of Monmouth County is uniformly exposed.

Figure 3a.5
Tornado Activity in the United States

S TORNADO ACTIVITY IN THE UNITED STATES*

Summary Per 1,000 Square Miles

AMERICAN SAMOS, GUAM, |
PLEATO FICO, VIBGIN ISLANDS

* Basad on HOAA, Storm Prediction Centar Statigties

Source: Federal Emergency Management Agency

Extent — Tornado

Table 3a.9 shows the Enhanced Fujita Scale for Tornadoes which was developed to measure tornado strength
and associated damages.

Table 3a.9

Enhanced Fujita Scale for Tornadoes

Storm

3 Second

Photo

Category Level Gust (mph) LN N G LT Example
EF0 LIGHT 65-85 Some damage to chlmneysg branches broken off trees; shallow-
rooted trees pushed over; sign boards damaged.
Peels surface off roofs; mobile homes pushed off foundations or
EF1 MODERATE 86—110 | overturned; moving autos pushed off the roads; attached
garages may be destroyed.
Roofs torn off frame houses; mobile homes demolished;
EF2 SIGNIFICANT | 111-135

boxcars overturned; large trees snapped or uprooted; highrise
windows broken and blown in; light-object missiles generated.
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Table 3a.9
Enhanced Fujita Scale for Tornadoes

Photo
Example

Storm Damage 3 Second

Category Level Gust (mph) Description of Damages

Roofs and some walls torn off well-constructed houses; trains
EF3 SEVERE 136-165 | overturned; most trees in forest uprooted; heavy cars lifted off
the ground and thrown.

Well-constructed houses leveled; structures with weak
EF4 DEVASTATING| 166-200 | foundations blown away some distance; cars thrown and large
missiles generated.

Strong frame houses lifted off foundations and carried
considerable distances to disintegrate; automobile sized
missiles fly through the air in excess of 100 m (109 yd); trees
debarked; steel reinforced concrete structures badly damaged.

EFS INCREDIBLE 200+

Source: National Oceanic and Atmospheric Administration; Federal Emergency Management Agency

The tornadoes associated with tropical cyclones are most frequent in September and October when the
incidence of tropical storm systems is greatest. This type of tornado usually occurs around the perimeter of
the storm, and most often to the right and ahead of the storm path or the storm center as it comes ashore.
These tornadoes commonly occur as part of large outbreaks and generally move in an easterly direction.

Historical Occurrences — Tornado

According to NCDC, there have been nine recorded tornado events in Monmouth County between 1950 and
September 2014. One of these has occurred since the last version of the plan was prepared. Most of these
events were determined to be of minimal tornado intensity, as shown in Table 3a.10. These events resulted
in no recorded deaths or injuries, but did cause an estimated $1.525 million in property damages, with the
most severe event being an F2 tornado that touched down in northern Manalapan Township and extreme
southwest Marlboro Township in May 2001 that caused an estimated $1M in damages.

Table 3a.10
Historical Tornadoes in Monmouth County (Since 1950)
Location Date Magnitude Deaths Injuries Property Damage
Millstone, Township of 08/10/1952 F1 0 0 $25,000
Tinton Falls, Borough of 10/16/1955 F2 0 0 $0
Upper Freehold, Township of 04/18/1960 F1 0 0 $0
Howell, Township of 03/10/1964 F1 0 0 $250,000
Neptune, Township of 03/26/1964 FO 0 0 $25,000
Loch Arbour, Village of 11/01/1994 FO 0 0 $75,000*
Middletown, Township of /
Highlands, Borough of 08/13/1997 FO 0 0 $50,000
Gordons Corner (northern Manalapan/
southwest Marlboro) 05/27/2001 F2 0 0 $1,000,000
Millstone, Township of 08/09/2011 EFO0 0 0 $100,000
Total 0 0 $1,525,000

Source: National Climatic Data Center
* Note: the Village of Loch Arbour indicated that damages were closer to $200,000 for this event.
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Notable events include the following:

November 1, 1994. A tornado briefly touched down in the Village of Loch Arbour around 6 p.m. at the
intersection of Euclid and Edgemont Avenues. The tornado lifted between Spier and Corlies Avenue about
100 yards from the Atlantic Ocean. About five homes on Euclid Avenue suffered substantial roof damage.
Most of the eight other homes which sustained minor damage were on Buena Vista Court. About two dozen
trees were uprooted. Most of them were decaying within. Tops were sheared off a number of other trees.
Damage was estimated by the NCDC at $75,000; however, the Village indicated that damages were closer to
$200,000 for this event.

August 13, 1997. A FO tornado touched down briefly in Middletown Township and Highlands Borough
before it went into Sandy Hook Bay and dissipated. The path length was about 1.2 miles and the path width
about 75 yards. The tornado damaged several cars and homes, and uprooted and/or snapped numerous trees,
but no injuries were reported. The tornado touched down in northeastern Middletown Township near Pape
Drive and Navesink Avenue, moving northeast where it uprooted a tree on Williams Street that crushed three
parked cars. Another car was burned when it came in contact with downed wires on Buttermilk Valley Road.
A tree also crushed an awning in the Shadow Lane Mobile Home Park. In Highlands Borough, a shed was
blown off its foundation and carried by the tornado between two houses. Other structural damage was mainly
confined to broken windows, torn shingles and gutters. Maximum wind speeds were estimated at the high end
of the FO scale at about 70 mph.

May 27, 2001. An F2 tornado struck extreme northern Manalapan and extreme southwest Marlboro
Townships. The tornado's path length was estimated at 1.5 miles and its path width was around 200 feet. It
was initially a relatively weak tornado (F0), but intensified into an F1 before it reached Kentucky Court in
Manalapan Township. One property on Kentucky Court lost dozens of trees. The tornado also downed trees
on Ivanhoe and Rowena Roads. The tornado reached its maximum strength (F2) as it passed through Debracy
Court, where the worst damage occurred. Four houses were severely damaged, and about 12 others suffered
minor damage. The tornado weakened to an F1 after it left Debracy Court. As the tornado crossed into
Marlboro Township, it knocked down dozens of trees in Hawkins Road Park. As the tornado exited the park,
it weakened to an FO. It still knocked a tree onto a house on MacLeisch Drive and ripped shingles and gutters
from homes on Guest and MacLeisch Drives. The tornado lifted as it approached Barclay Brook.

August 9, 2011. An EF0 tornado touched down in Millstone Township in Monmouth County. The tornado
initially touched down north of Buono Farm and tracked northeast where it crossed New Jersey State Route
33 and damaged a flag pole and business fencing. A barn was damaged on Prodelin Way. Numerous trees and
some wires were knocked down along its path, especially on Prodelin and Arrowhead Ways and Bergen Mills
Road. The tornado moved along Arrowhead Way before it lifted. The tornado's approximate path length was
1.7 miles, maximum path width of 50 yards and estimated maximum wind speed of 70 mph. No deaths or
injuries were reported, though property damages were estimated at $100,000.

Table 3a.11 lists the number of tornado events in Monmouth County by municipal jurisdiction and by their
estimated magnitude. As tornado events might impact multiple jurisdictions, the total number of events in
this table is greater than the number of records provided by NCDC based on detailed information regarding
impacted areas. The specific location of reported touchdown occurrences for each of these events in
Monmouth County (where known) is shown in Figure 3a.6.

JELIGREN D
Historical Tornadoes in Monmouth County (1950-2011), By Jurisdiction
Magnitude q
Jurisdiction NI 61 (Enhance(;g Fujita Scale) biimay
Events F Scale
EF0 | EF1 | EF2 | EF3 | EF4 | EF5
Aberdeen, Township of 0 0 0 0 0 0 0 Not applicable
Allenhurst, Borough of 0 0 0 0 0 0 0 Not applicable
Allentown, Borough of 0 0 0 0 0 0 0 Not applicable
Asbury Park, City of 0 0 0 0 0 0 0 Not applicable
Atlantic Highlands, Borough of 0 0 0 0 0 0 0 Not applicable
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JELIGREN D
Historical Tornadoes in Monmouth County (1950-2011), By Jurisdiction
Magnitude q
Jurisdiction NI 61 (Enhance(ig Fujita Scale) biimy
Events F Scale
EF0 | EF1 | EF2 | EF3 | EF4 | EF5

Avon-By-The-Sea, Borough of 0 0 0 0 0 0 0 Not applicable
Belmar, Borough of 0 0 0 0 0 0 0 Not applicable
Bradley Beach, Borough of 0 0 0 0 0 0 0 Not applicable
Brielle, Borough of 0 0 0 0 0 0 0 Not applicable
Colts Neck, Township of 0 0 0 0 0 0 0 Not applicable
Deal, Borough of 0 0 0 0 0 0 0 Not applicable
Eatontown, Borough of 0 0 0 0 0 0 0 Not applicable
Englishtown, Borough of 0 0 0 0 0 0 0 Not applicable
Fair Haven, Borough of 0 0 0 0 0 0 0 Not applicable
Farmingdale, Borough of 0 0 0 0 0 0 0 Not applicable
Freehold, Borough of 0 0 0 0 0 0 0 Not applicable
Freehold, Township of 0 0 0 0 0 0 0 Not applicable
Hazlet, Township of 0 0 0 0 0 0 0 Not applicable
Highlands, Borough of 1 1 0 0 0 0 0 EF0
Holmdel, Township of 0 0 0 0 0 0 0 Not applicable
Howell, Township of 1 0 1 0 0 0 0 EF1
Interlaken, Borough of 0 0 0 0 0 0 0 Not applicable
Keansburg, Borough of 0 0 0 0 0 0 0 Not applicable
Keyport, Borough of 0 0 0 0 0 0 0 Not applicable
Lake Como, Borough of 0 0 0 0 0 0 0 Not applicable
Little Silver, Borough of 0 0 0 0 0 0 0 Not applicable
Loch Arbour, Village of 1 1 0 0 0 0 0 EF0
Long Branch, City of 0 0 0 0 0 0 0 Not applicable
Manalapan, Township of 1 0 0 1 0 0 0 EF2
Manasquan, Borough of 0 0 0 0 0 0 0 Not applicable
Marlboro, Township of 1 0 0 1 0 0 0 EF2
Matawan, Borough of 0 0 0 0 0 0 0 Not applicable
Middletown, Township of 1 1 0 0 0 0 0 EF0
Millstone, Township of 2 1 1 0 0 0 0 EF1
Monmouth Beach, Borough of 0 0 0 0 0 0 0 Not applicable
Neptune City, Borough of 0 1 0 0 0 0 0 Not applicable
Neptune, Township of 1 1 0 0 0 0 0 EF0
Ocean, Township of 0 0 0 0 0 0 0 Not applicable
Oceanport, Borough of 0 0 0 0 0 0 0 Not applicable
Red Bank, Borough of 0 0 0 0 0 0 0 Not applicable
Roosevelt, Borough of 0 0 0 0 0 0 0 Not applicable
Rumson, Borough of 0 0 0 0 0 0 0 Not applicable
Sea Bright, Borough of 0 0 0 0 0 0 0 Not applicable
Sea Girt, Borough of 0 0 0 0 0 0 0 Not applicable
Shrewsbury, Borough of 0 0 0 0 0 0 0 Not applicable
Shrewsbury, Township of 0 0 0 0 0 0 0 Not applicable
Spring Lake, Borough of 0 0 0 0 0 0 0 Not applicable
Spring Lake Heights, Borough of 0 0 0 0 0 0 0 Not applicable
Tinton Falls, Borough of 1 0 0 1 0 0 0 EF2
Union Beach, Borough of 0 0 0 0 0 0 0 Not applicable
Upper Freehold, Township of 1 0 1 0 0 0 0 EF1
Wall, Township of 0 0 0 0 0 0 0 Not applicable
West Long Branch, Borough of 0 0 0 0 0 0 0 Not applicable

Total 11 5 3 3 0 0 0 EF2

Source: National Climatic Data Center
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Other notable reports of historical tornado events include the following, as identified by the Planning
Committee:
e The Village of Loch Arbour indicated that the FO tornado reported in 1994 resulted in property damages
totaling $200,000.
e The Township of Upper Freehold reported that property damages associated with its one historic event
included damage to communications antennas, schools, and horse and agricultural farms.

Probability of Occurrence — Tornado

It is likely that Monmouth County will continue to experience weak to moderate tornado events, though their
frequency of occurrence will be fairly low. Probability data made available through NOAA’s National Severe
Storms Laboratory (NSSL) indicate that Monmouth County is in an area that experiences less than one
tornado event per year. Historical storm data made available through NCDC confirm this data (nine
confirmed events in 59 years, resulting in an estimated annual probability of a tornado event of 15 percent). In
New Jersey, tornadoes are more likely to occur during the months of March through August and tend to form
in the late afternoon and early evening.
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Winter Storm
Location — Winter Storm

Nearly the entire continental United States is susceptible to winter storms, but the degree of exposure
typically depends on the normal expected severity of local winter weather. Monmouth County is
accustomed to severe winter weather conditions and is prepared for the potential disruptions they might
cause, though intense winter storms might still overwhelm local capabilities. While Monmouth County is
located south of the typical boundary between freezing and non-freezing precipitation during wintertime,
annual snowfall on a countywide basis averages 25 to 26 inches and the maximum recorded seasonal
snowfall is 70 inches (1957-1958). All areas throughout the County are susceptible to the hazard effects of
winter storms including snow and ice, and Monmouth County’s coastal jurisdictions are also extremely
susceptible to the added effects of storm surge, wave action, coastal erosion and tidal flooding that might be
wrought by nor’easters.”

Extent — Winter Storm

The magnitude or severity of a severe winter storm depends on several factors including a region’s
climatological susceptibility to snowstorms, snowfall amounts, snowfall rates, wind speeds, temperatures,
visibility, storm duration, topography, and time of occurrence during the day (i.e., weekday versus
weekend), and time of season.

The extent of a severe winter storm can be classified by meteorological measurements and by evaluating its
societal impacts. NOAA’s National Climatic Data Center (NCDC) is currently producing the Regional
Snowfall Index (RSI) for significant snowstorms that impact the eastern two-thirds of the United States.
The RSI ranks snowstorm impacts on a scale from one to five. It is based on the spatial extent of the storm,
the amount of snowfall, and the interaction of the extent and snowfall totals with population (based on the
2000 Census). The NCDC has analyzed and assigned RSI values to over 500 storms since 1900 (NOAA-
NCDC 2011). Table 3a.12 presents the five RSI ranking categories.

Table 3a.12

Regional Snowfall Index Ranking Categories
Category Description RSI Value

1 Notable 1-3

2 Significant 3-6

3 Major 6-10

4 Crippling 10-18

5 Extreme 18.0+

Historical Occurrences — Winter Storm

According to NCDC, 136 recorded winter storm events (classified as: blizzard, heavy snow, ice storm,
sleet, winter storm, winter weather) have affected Monmouth County between January 1996 and September
2014. These incidents resulted in no reported deaths or injuries in Monmouth County, but are associated
with approximately $5 million in property damages. Notable events include the following:

January 6-8, 1996. The Blizzard of 1996 brought record breaking snow to most of New Jersey and paralyzed the
region for several days, caused most municipalities to exceed their annual snow budgets during this one storm. A state

? Nor'easters and their hazard effects are discussed separately within this section.
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of emergency was declared by Governor Whitman, which
lasted a week. The state was also declared a federal disaster
area. Snowfall accumulations averaged 20 to 30 inches in
Monmouth County, with 30 inches in Howell and 28 inches
in Freehold. In addition to the heavy snow, wind gusts
reached hurricane force along the coast. Eight housing
additions in Manasquan collapsed. Navigation Tower aides
at Manasquan were toppled. Many areas lost power.
Evacuations of some coastal residents occurred in Belmar,
Port Monmouth, Sea Bright and Manasquan. Street flooding
was reported in these areas and also in Avon. In Sea Bright,
flooding from the Shrewsbury River exacerbated the
flooding. State Route 36 was closed from the Highlands/Sea
Bright Bridge through Monmouth Beach. The worst damage
along the coast was the erosion.

February 16-17, 2003 (President’s Day Storm). The most
powerful storm to affect New Jersey since the Blizzard of
1996 struck during the President's Day Weekend. Governor
McGreevey declared a state of emergency, and many
municipalities declared their own snow emergencies. In
Monmouth County, drifts reached six feet. In Wall, a high
school roof collapsed on the 18" because of four foot drifts
at one corner of the roof. A country store was badly
damaged in Freehold. The National Guard was deployed to
assist with evacuations. The strong winds caused about
11,000 homes and businesses to lose power. Monmouth
Beach was hit the hardest by power outages, waiting two
days for power to be restored. Peak wind gusts included 49
mph in Keansburg and snow accumulations included 22.8
inches in Cream Ridge, 22 inches in Hazlet, 21 inches in
Manalapan, and 20.5 inches in Wall.

January 22, 2005. A very potent Alberta low pressure system dropped heavy snow across northern and
southwestern New Jersey and a wintry mix across southeastern New Jersey. Governor Codey declared a state of
emergency, requiring vehicles to stay off of public roads and thoroughfares. Gusty northwest winds, which
followed in the wake of the storm caused considerable drifting snow and hampered road crews’ efforts as drifts
continued to form on roads. The unseasonably cold weather also rendered the salt less effective. Snow
emergencies were declared by many municipalities. Specific snowfall accumulations included 17 inches in
Howell and 16.5 inches in Cream Ridge.

February 14,2007 (Valentine’s Day Storm). A severe winter storm impacted the Ohio Valley before moving
northeast over New England. Monmouth County experienced a severe icing, with 0.5 inches of ice accumulation
reported at Tinton Falls. Peak wind speeds ranged from 36 to 48 mph. Cream Ridge recorded 3.2 inches of total
precipitation, which was all sleet. Numerous trees were downed and extensive power outages plagued the area.

December 26, 2010. A major and for parts of eastern New Jersey record breaking winter storm and blizzard
affected the state on Sunday the 26" and Monday the 27", A state of emergency was declared in New Jersey. The
heavy snow bands and blizzard conditions resulted in snowfall rates of two to three inches per hour at times.
Strong to high winds continued to hamper snow plow operations through the 27th. Bus service was suspended
throughout the state as of 830 p.m. on the 26th and did not resume until the 28th. While the overall number of
accidents was low, about 2,300 motorists were stranded on average for 10 to 12 hours. The Red Cross opened
shelters in the eastern part of the state. In addition, stranded motorists used town halls, rest stops and movie
theaters as shelters. Blood supplies ran low. Trash schedules were delayed about a day and recycling schedules
were delayed up to one week. Monmouth County was one of the counties that were most affected by the blizzard
as many roadways were closed and remained closed through the 27th because of drifting. An eleven mile stretch
of State Route 18 remained closed for a couple of days. The weight of the snow caused a roof collapse at the
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Naval Weapons Station Earle in Colts Neck. An overturned vehicle in Tinton Falls resulted in an injury. A train
struck an abandoned vehicle in Red Bank, but no injuries were caused. Closed malls in Monmouth County did
not open until the 28th at the earliest. The Sea Streak Manhattan Ferry service from Monmouth County ran on a
modified schedule on the 27th. Athletic competitions were either postponed or cancelled. Major roadways such as
Interstate 195 (8 foot drifts) and New Jersey State Routes 18, 35, 36, 66 and 138 were closed into the 27th. Long
Branch emergency personnel alone responded to about 700 calls. This was a new single snowstorm record
surpassing the previous record of 20.0 inches during the President's Day snowstorm of February 2003.
Representative snowfall included 25.0 inches in Colts Neck, 24.0 inches in Neptune, 22.0 inches in Red Bank and
20.0 inches in Holmdel. At Sandy Hook, the high tide reached 7.13 feet above mean lower low water. Minor tidal

flooding starts at 6.7 feet above mean lower low water.

November 7-8, 2012. A strong nor’easter caused high winds, heavy snow, and damaging waves and minor tidal
flooding days after Hurricane Sandy, causing setbacks in the start of many local restoration efforts and forced
evacuations of some coastal areas yet again. Unfortunately the heaviest snow fell in the counties that were
affected the hardest by Sandy and upwards of an additional 150,000 customers lost power. The combination of
heavy snow and wind brought down additional trees, poles and wires. Representative snowfall included 13.0
inches in Freehold, 12.0 inches in Allaire, 11.0 inches in Howell, and 6.0 inches in Oakhurst.

Other notable reports of historical winter storm events include the following, as identified by the
Planning Committee:

e  The Township of Aberdeen was affected by the Blizzard of 1996, as well as severe snowstorms in 2003, 2005
and 2006. The Township incurred substantial costs related to emergency protective measures, snow removal,
etc.

*  The Borough of Avon-By-The-Sea reported that winter storms have been the most common occurrence
resulting in disaster declarations for their jurisdiction in the past few years.

* The Borough of Brielle indicated that the most severe winter storms affecting Brielle are usually
coastal/nor’easter events, during which the Borough experiences minor to moderate coastal flooding. The
other major concern is power outages due to snow laden trees/branches falling on power lines.

*  The Borough of Fair Haven reported that the Valentine’s Day Storm of 2007 caused power outages that lasted
for several days.

e The Township of Ocean was heavily impacted by the Valentine’s Day Storm of 2007 which paralyzed a
section of town by fallen trees across roadways and downed power/phone lines, which caused the evacuation
of several hundred residents.

*  The Borough of Oceanport indicated that the Valentine’s Day Storm of 2007 had a big impact on all areas.
Major cleanup lasted over a month and some areas went without power for 12 to 18 hours.

*  The Borough of Shrewsbury was heavily affected by the ice storm of February 2007, which caused three days
of power outage for 90 percent of the area’s homes and businesses, and up to seven days for several dozen
homes. It also caused damage to three private homes.

Probability of Occurrence — Winter Storm

Winter storm events will continue to have a high probability of occurrence in Monmouth County, and the
probability of future occurrences in Monmouth County is certain. While the impact of snow and ice storms
will cause major disruptions to transportation, commerce and electrical power as well as significant
overtime work for government employees, large scale property damages and/or threats to human life and
safety are not expected. Nor’easters occur less frequently but represent a much greater hazard of concern as
it relates to the impacts of winter storm events (addressed separately within this section). Winter storms
typically occur in New Jersey from late November through mid-April, with peak months being December
through March. Nor’easters are one type of severe winter storm that typically bring high winds, coastal
surge and tidal flooding along with heavy precipitation, which are addressed separately within this section.
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HYDROLOGIC HAZARDS

Coastal Erosion

Dam Failure

Drought

Flood

Storm Surge

Wave Action
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Coastal Erosion

Location — Coastal Erosion

All of Monmouth County’s coastal jurisdictions are susceptible to the coastal erosion hazard. Following a
review of historic shoreline data dating back to 1836 provided by the New Jersey Department of
Environmental Protection (NJDEP), it is clear that Monmouth County has experienced significantly
changing shorelines (moving landward and seaward) due to the effects of erosion, accretion, beach
nourishment and structural shoreline protection measures.

Figure 3a.7 illustrates the type of shorelines in Monmouth County as classified by NJDEP. These include
the following types: (1) beach, which includes waterfront areas comprised of 100 percent sand; (2)
bulkhead, which includes manmade structures at the water's edge, after the rip-rap, which were designed to
hold back water and protect the adjacent areas from erosion; (3) marsh, which is classified areas of natural
marsh edge; (4) earthen dike, classified as structures which serve as natural barriers between the land and
the water; and (5) erodable, which includes any soft shoreline other than beach, rock, marsh or earthen dike,
which are vulnerable at the water's edge. As can be seen in the figure, most of Monmouth County’s
shoreline is classified as susceptible to coastal erosion (including “beach” and “erodable” classifications).
Coastal erosion in these areas, where coupled with densely developed or significant recreational shorelines,
are routinely addressed through beach nourishment programs.

Although not shown on the countywide map figure, there are also many shoreline protection features
located along the Monmouth County shore that are designed to reduce coastal storm and erosion hazards.
These include hard structures such as jetties, groins, revetments, sea walls and breakwaters. Jetties and
groins are protective structures (usually built from rock, wood or concrete) which extend outward from the
shoreline. They look alike and provide similar function, but the difference between the two is that jetties are
located at inlets, while groins are located along beaches. Sea walls are similar to bulkheads in function, but
unlike bulkheads, they are located along the high beach line adjacent to the ocean, protecting property from
ocean forces. Revetments are sea walls, which are surrounded on either side by rock or earth fill. A
breakwater structure is a protective barrier placed in the water, out in front of a harbor.

The New Jersey State Hazard Mitigation Plan summarizes the number of type of NJDEP shoreline
structures off the coastline of New Jersey along the Atlantic Ocean and Inland Bays (current as of 1993).
Monmouth County is reported to have 0 breakwaters, 172 groins, 9 jetties, 1 revetment, and 11 seawalls.

In addition to hard structures, some areas also feature coastal protection systems incorporating engineered
dunes and beaches, which are maintained through regular scheduled maintenance and renourishment.
Failure to continue these activities would result in an increased risk of damage in many areas during coastal
storm events, as the levels of protection are degraded. However, local government entities within
Monmouth County and the State of New Jersey have been very active in cooperating with Federal
government agencies to ensure that these activities continue to be implemented and adequately maintained.
These practices are encouraged and expected to continue.
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Figure 3a.7

NJDEP Shoreline Classifications for Monmouth County
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Extent — Coastal Erosion

Coastal erosion is measured as the rate of change in the position or displacement of a riverbank or shoreline
over a period of time. Short-term erosion typically results from periodic natural events, such as flooding,
hurricanes, storm surge, and windstorms, but may be intensified by human activities. Long-term erosion is a
result of multi-year impacts such as repetitive flooding, wave action, sea level rise, sediment loss,
subsidence, and climate change. The severity of coastal erosion is typically measured through a quantitative
assessment of annual shoreline change for a given beach cross-section of profile (feet or meters per year)
over a long period of time.’ Erosion rates vary as a function of shoreline type and are influenced primarily
by episodic events, but can be used in land use and hazard management to define areas of critical concern.
Unfortunately, there is no uniform erosion rate database or GIS data layer that defines erosion rates or such
areas of critical concern for Monmouth County’s shoreline. However, NJOEM indicates that the New
Jersey coast is characterized by episodic change resulting from severe but episodic storm events with a
recurrence interval of 25 years or greater. Areas of natural erosion and accretion show erratic and almost
cyclical patterns in response to storm events. The recovery process, although long, results in a stable beach
with a slight recession of approximately one foot per year, half of which can be attributed to relative sea
level rise. While erosion rates experienced along the New Jersey shore may vary significantly from location
to location, and no global maximum rate is readily available for Monmouth County, according to a study
prepared by the Heinz Center’, much of the coastline of New Jersey, including Monmouth County,
experiences an average of three feet of erosion per year.

Historical Occurrences — Coastal Erosion

The State of New Jersey has experienced eight FEMA coastal erosion related disaster declarations between
1954 and 2012. Monmouth County was declared during three of these events: the December 1992 Coastal
Storm, Hurricane Irene in 2011, and Hurricane Sandy in 2012. The NJ State Plan reports 12 instances of
coastal erosion affecting Monmouth County from 1936 to 2012 (see Table 3a.13). Three of these events
have occurred since the last version of the plan was prepared.

Table 3a.13
Historical Incidents of Coastal Erosion in Monmouth County
Date Associated Hazard Event Type
March 6-8, 1962 Nor’easter
October 28-November 4, 1991 Nor’easter
September 22-26, 1992 Tropical Storm Danielle
December 10-17, 1992 Coastal Storm
August 8-25, 1994 Hurricane Felix
December 22-26, 1994 Storm
January 7-8, 1996 Blizzard
July 13, 1996 Tropical Storm Bertha
February 4-9, 1998 Nor’easter
April 16,2007 Nor’easter
August 27-September 5, 2011 Hurricane Irene
October 29, 2011 Nor’caster
October 29, 2012 Hurricane Sandy

3 Seasonal fluctuations in beach width is common along the New Jersey shore, but is not considered erosion as the sand removed is
typically re-deposited at other times of the year.
“Evaluation of Erosion Hazards” prepared by The H. John Heinz |1l Center for Science, Economics and the Environment, April 2000

Multi-Jurisdictional Hazard Mitigation Plan — Monmouth County, New Jersey 3a-44
Revised Draft - 2014 Plan Update



SECTION 3a: RISK ASSESSMENT - HAZARD PROFILES

Some of the more recent notable events include:

January 6-8, 1996. The Blizzard of 1996 created
erosion damage as a result of high winds and waves.
Sand was scoured away by the blizzard, leaving some
locations vulnerable to future storms with the worst
damage from Manasquan southward. In Manasquan, the
storm scoured vertically about four feet of beach for a
500-foot stretch.

July 13, 1996. As a result of Tropical Storm Bertha,
Monmouth Beach suffered severe beach erosion. Fifty
percent of the beach at the south of the borough was
gone. This beach is one of dozens in New Jersey that
was being replenished under a U.S. Army Corps of
Engineers project. There was little beach erosion
elsewhere.

February 4, 1998. The strongest nor’easter of the winter
caused continuous onshore flow resulting in moderate to
severe beach erosion in Monmouth County. Two to four
feet of beach were lost in most areas. At Sandy Hook,
about 80 percent of the new sand placed in a
replenishment project was lost as several hundred feet of
beach disappeared. Both Bradley Beach and Ocean
Grove were hard hit by erosion. The waves washed sand
onto Ocean Avenue in Bradley Beach.

Hurricane Irene (August 27-28, 2011). Many
Monmouth County communities were hard hit by this
storm and suffered significant beach erosion as waves
washed ashore. Sea Girt’s beach was eroded and its
boardwalk was severely damaged. Significant beach
erosion was reported in Long Branch. Most every coastal
community in Monmouth County was impacted to some
degree or another by erosion — even those with USACE
beach nourishment projects.

Hurricane Sandy (October 29, 2012). Many
Monmouth County communities were hard hit by this
storm and suffered severe beach erosion as waves
washed ashore. Richard Stockton College researchers
noted nearly all of their 105 monitored beach sites
showed evidence of sand volume losses (Richard
Stockton College 2013). NOAA’s NCDC reports an
estimate that the average New Jersey beach became 30
to 40 feet narrower. Despite early USACE estimates that
12 million cubic yards of sand were lost as a result of the
storm, later reports indicated that only 6.2 million cubic
yards were lost as a result of Sandy (Thompson 2013).
Displacement was reported to have occurred primarily in
Monmouth and Ocean counties.
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Other notable reports of historical coastal erosion events include the following, as identified by the
Planning Committee:

*  The Township of Aberdeen reported that there has been significant beach erosion in the Cliffwood Beach
section of town resulting from hurricanes, tropical storms and nor’easters.

*  The Borough of Avon-By-The-Sea indicated that even moderate storms have eaten away at its beachfront
leaving portions of the community at risk.

*  The Borough of Deal cited that coastal erosion occurs annually for their jurisdiction, and particularly
during winter nor’easters.

*  The Borough of Keansburg indicated that it is currently experiencing severe coastal erosion.

»  The Village of Loch Arbour stated that in 1994 persistent northeasterly winds through the winter to early
spring resulted in severe coastal erosion and threatened beach facilities.

e The Township of Ocean has a severe coastal erosion issue along its waterways that lead to the ocean. As
storm surge from the ocean pushes back up the waterways, it breaks down the embankments and causes
more flooding issues for the ongoing storm and future storms.

*  The Borough of Sea Bright has experienced coastal beach erosion since the turn of the 20" century and
continues to do so. Also, the Shrewsbury River overtops the western bulkhead every moon tide and in
most moderate storms, causing flooding in both the downtown residential and commercial areas of town.
The back bay / Shrewsbury River shoreline is mostly bulkhead, but most of it is privately owned and in
very poor condition. In some locations the bulkheads require fairly urgent replacement since erosion
though the bulkhead line has been observed.

e The Borough of Union Beach, similar to other areas, relies on its coastline as a major line of defense
against coastal flooding. Every other year the Borough participates in a sand replenishment program to
maintain its line of defense but each coastal storm event increases the amount of sand required for
replenishment.

Probability of Occurrence — Coastal Erosion

Coastal erosion remains a natural, dynamic and continuous process for Monmouth County’s coastal
jurisdictions and its probability of occurrence is certain. The damaging impacts of coastal erosion are
lessened through continuous (and costly) beach nourishment and structural shoreline protection measures;
however, it is likely that the impacts of coastal erosion will increase in severity due to future episodic storm
events as well as the anticipated slow onset, long-term effects of climate change and sea level rise.

The frequency and intensity of coastal storms and severe weather events is expected to increase in the future
due to climate change. In the years to come, it is anticipated that Monmouth County will observe drastic
changes in storm character, intensity, frequency, and storm tracking. Hurricanes are likely to become more
intense with rising sea water temperatures. Coastal erosion rates are likely to increase with rising sea-level,
to levels higher than those rates that have been observed over the last century. Storm effects will be more
extensive in the future. The following types of impacts can be anticipated in Monmouth County’s future as
a result of climate change and sea level rise: inundation of low-lying areas; increased frequency and extent
of storm-related flooding; wetland loss; saltwater intrusion into estuaries and freshwater aquifers; land loss
through submergence and erosion of lands in coastal areas; migration of coastal landforms and habitats;
increased salinity in estuaries and coastal fresh; impacts to human populations (property losses, more
frequent flood damage, more frequent flooding of roadways and urban centers, risks to people as the
population of coastal areas increases); more buildings and infrastructure exposed; currently exposed
buildings and infrastructure could be subject to potentially greater losses as water levels increase, and
continued rapid coastal development exacerbates the impacts of sea level rise; impacts on gravity flow
stormwater systems; impacts on non-coastal areas. Impacts of climate change and sea level rise can affect
all parts of a community, including: transportation infrastructure (ports, marinas, airports, roads, bridges,
railways); public infrastructure (stormwater and wastewater management systems, drinking water supply
and distribution systems, power utility systems, communications systems); public facilities (i.e., police, fire,
ambulance, hospitals, schools, daycare centers, adult living facilities, historic landmarks, government
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buildings, libraries, parks, etc.); economic viability of a community — particularly for communities where
tourism tends to drive local economies, as is the case in many of Monmouth County’s coastal communities.
Climate change and sea level rise could lead to a potential loss of assets that support tourism (i.e., beaches
themselves as well beach access points, lodging, restaurants, marinas, fishing habitats, ecotourism, etc.).

Dam Failure

Location — Dam Failure

The New Jersey Department of Environmental Protection has identified and classified 106 state-regulated
dams’ located within Monmouth County. Of these, nine dams have been classified as having “high hazard
potential,” meaning their failure may cause the probable loss of life or extensive property damage. Another
13 dams have been classified as having “significant hazard potential,” meaning their failure may cause
significant damage to property and project operation, but loss of human life is not envisioned. This
classification applies to predominantly rural, agricultural areas, where dam failure may damage isolated
homes, major highways or railroads or cause interruption of service of relatively important public utilities.
The remaining 84 dams are classified as “low hazard potential” meaning their failure would cause loss of
the dam itself but little or no additional damage to other property. It is important to note that dam hazard
classification is based on the consequences of dam failure—not the condition, probability or risk of failure
itself. Specific locations for all state-regulated dams that have been geo-referenced for mapping purposes
are illustrated in Figure 3a.8.

Extent — Dam Failure

The extent or magnitude of a dam failure event can be measured in terms of the classification of the dam.
The NJDEP assigns one of four hazard classifications to state-regulated dams in New Jersey. The
classifications relate to the potential for property damage and/or loss of life in the event of a dam failure:

* Class I (High-Hazard Potential) - Failure of the dam may result in probable loss of life and/or
extensive property damage.

* Class II (Significant-Hazard Potential) - Failure of the dam may result in significant property
damage; however, loss of life is not envisioned.

*  Class III (Low-Hazard Potential) - Failure of the dam is not expected to result in loss of life
and/or significant property damage.

e Class IV (Small-Dam Low-Hazard Potential) - Failure of the dam is not expected to result in
loss of life or significant property damage.

Table 3a.14 lists information for all state-regulated dams in Monmouth County reported as having high (H)
hazard potential or significant (S) hazard potential (a total of 22 dams, 9 being classified as high hazard
potential and 13 being classified as significant hazard potential)°.

> As defined in NJAC 7:20 (Dam Safety Standards),"Dam" means any artificial dike, levee or other barrier, together with appurtenant works, which
is constructed for the purpose of impounding water on a permanent or temporary basis, that raises the water level five feet or more above the usual,
mean, low water height when measured from the downstream toe-of-dam to the emergency spillway crest or, in the absence of an emergency
spillway, the top-of dam.

In addition to the dams listed in Table 3a.14, representatives of Wall Township have also expressed concern about the Brick Reservoir. While this
dam is not currently considered a major dam by the Federal NID, or a high/significant hazard dam in the State's Inventory, local authorities have
reported concerns regarding the impact any failure of this dam would have on the Herbertsville Road area of the Township.
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Probability of Occurrence — Dam Failure

The probability of a dam failure occurrence in Monmouth County is relatively low due to routine
inspection, repair and maintenance programs, though the possibility of a future failure event is likely
increasing due to aging dam structures that may be in need of repair or reconstruction. The NJDEP’s Dam
Safety program serves to ensure the safety and integrity of dams in New Jersey and, thereby, protect people
and property from the consequences of dam failures.

Drought

Location — Drought

Droughts occur in all parts of the country and at any time of year, depending on temperature and
precipitation over time. Similarly, droughts can occur in all parts of Monmouth County at any time of year,
depending on temperature and precipitation over time. While arid regions of the United States are more
susceptible to long-term or extreme drought conditions, other areas such as Monmouth County tend to be
more susceptible to short-term, less severe droughts. It is impossible to delineate a drought hazard area for
the County, per se, but it is generally assumed that drought is a county-wide hazard, with drought
conditions being possible in all geographic areas.

Extent — Drought

The extent (i.e., magnitude or severity) of drought can depend on the duration, intensity, geographic extent, and
the regional water supply demands made by human activities and vegetation. The intensity of the impact from
drought could be minor to extreme damage in a localized area or regional damage affecting human health and the
economy. Generally, impacts of drought evolve gradually, and regions of maximum intensity change with time.
The severity of a drought is determined by areal extent as well as intensity and duration. The frequency of a
drought is determined by analyzing the intensity for a given duration, which allows determination of the
probability or percent chance of a more severe event occurring in a given mean return period.

The Palmer Drought Severity Index (PDSI) in one of many available drought indices used to assess the extent of
a drought event. It was developed by Wayne Palmer in 1965 and indicates prolonged and abnormal moisture
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deficiency or excess. The PDSI tends to be used more commonly than other available indices, and is an
important tool for evaluating the scope, severity, and frequency of prolonged periods of abnormally dry or wet
weather. PDSI drought classifications are based on observed drought conditions and will range from -0.5
(incipient dry spell) to -4.0 (extreme drought). The PDSI also reflects excess precipitation using positive
numbers. The PDSI is the most effective in determining long-term droughts; but has limitations in terms of use
for short-term forecasts. To improve monitoring and measurement of drought severity from region to region
within the State of New Jersey, NJDEP implemented a unique set of indices in January 2001specifically
designed for the particular characteristics and needs of the State. This new set of statewide indicators
supplements the Palmer Drought Severity Index (PDSI) with the measurement of regional precipitation, stream-
flow, reservoir levels, and groundwater levels. New Jersey currently measures the status of each indicator as near
or above normal, moderately dry, severely dry, or extremely dry. The status is based on a statistical analysis of
historical values with generally the driest 10% being classified as extremely dry, from 10% to 30% as severely
dry, and 30% to 50% as moderately dry.

Historical Occurrences — Drought

According to NCDC, 40 recorded instances of drought conditions have affected Monmouth County
between1997 and 2014, causing significant losses to agricultural crops.

October 1997. Unseasonably dry weather with below normal rainfall, which became worse during the
summer months, forced the Delaware River Basin Commission to declare a drought warning on October 27th.
The commission urged the seven million residents within the basin's 13,539 square mile area to voluntarily
conserve water. Water levels in the New York City Reservoirs, which are in the headwaters of the Delaware
River, fell below 40 percent of capacity in late October. Precipitation deficits through October 31st averaged
around five inches.

1998-1999. What began as unseasonably dry weather became a drought, which heavily impacted agriculture
and water supplies. As reservoir levels continued to fall, the Delaware River Basin Commission declared a
drought warning in December 1998. Also in December, NJDEP declared a drought warning for the entire
state. In late December, the Delaware River Basin Commission declared Stage Two of its drought warning. In
July 1999, Governor Christie Whitman declared a water shortage alert and called for residents to voluntarily
conserve water by not watering lawns or washing cars. In Monmouth County, a drought emergency was
declared and odd/even non-essential watering restrictions were implemented. The drought finally ended as
Tropical Storm Floyd dumped significant rainfall amounts across the state. Agricultural losses throughout the
state as a result of this long drought were estimated at $80 million.

October 2001 - October 2002. Unseasonably dry weather again turned to drought as precipitation levels fell
short of normal levels. Continued dry weather, the drop in stream flow and groundwater levels and the
reduced levels in the New York State reservoirs prompted NJDEP to upgrade the drought watch to a drought
warning for counties in the Delaware River Basin and southern New Jersey in November 2001, including
Monmouth County. By October 2002, a drought disaster was declared by the U.S. Department of Agriculture
for several states including New Jersey. Several rain events in October 2002 helped quench the drought and
returned the area’s reservoirs to normal levels.

August to September 2008. Excessive heat in June followed by an unseasonably dry August resulted in
drought conditions in August of 2008. Rainfall returned to above normal levels in September, but was too late
to be helpful for farmers. Crops had already been damaged by the combination of excessive June heat and an
August hail storm and drought. The United States Secretary of Agriculture issued a drought disaster
declaration for ten central and southern New Jersey Counties on September 22™. Mercer, Monmouth,
Burlington, Ocean, Camden, Gloucester, Atlantic, Salem, Cumberland and Cape May Counties were included
in the declaration. This made farmers who suffered thirty percent or more direct losses to be eligible for low
interest emergency loans from the Farm Services Agency. Loans could cover up to 100 percent of the dollar
value of crop losses.

August to October 2010. On August 5, the NJDEP issued a drought watch for northeast New Jersey
including Morris County. On a statewide average, August 2010 was the 15" driest August on record (dating
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back to 1895) with 2.37 inches of rain. The meteorological summer was the 10th driest (8.65 inches) on
record dating back to 1895 in New Jersey and was also the driest summer since 1966. At the Atlantic City
International Airport, it was the fourth driest August (1.09 inches) and fifth driest meteorological summer
(5.92 inches) on record. In Trenton, it was the third driest August (0.80 inches) and fifth driest meteorological
summer (5.90 inches) on record.

Other notable reports of historical drought events include the following, as identified by the Planning
Committee:

*  The Borough of Union Beach indicated that it has been put on water restrictions on many occasions due to the
lack of water in the local reservoir.

*  The Township of Upper Freehold has reportedly experienced severe drought conditions, which lowered the
head pressure of potable water in wells and caused numerous wells to go dry. Most of the area depends on
wells for potable water, so it is vitally important to maintain head pressure from the aquifers.

Probability of Occurrence — Drought

Monmouth County faces a low to moderate probability of severe drought conditions, though short-term
instances of drought will be a more frequent occurrence. Figure 3a.9 shows the PDSI Summary Map for
the United States from 1895 to 1995. According to the PDSI map, Monmouth County is in a zone that
experienced severe drought conditions less than 5 percent of the time between 1895 and 1995, but short-
term, less severe drought conditions are more common and may occur several times in a decade.

Figure 3a.9
Palmer Drought Severity Index Summary Map for the United States

"% of time PDSI = 3

[ Less than 5%
[ 5% to 9.99%
1 10% to 14.9%
B 152 to 19.9%
. 20% or greater

Source: National Drought Mitigation Center, 1895-1995
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Flood

Location — Flood

Monmouth County is subject to both riverine and coastal flooding. Riverine flooding occurs along inland
channels such as rivers, creeks, streams. When a channel receives too much water, the excess water flows
over its banks and inundates low-lying areas. Coastal flooding, on the other hand, is a result of the storm
surge where local sea levels rise to inundate areas along the coasts of oceans, bays, estuaries, coastal rivers, and
large lakes. Hurricanes and tropical storms, severe storms, and Nor’easters cause most of the coastal flooding in
New Jersey.

Many areas of Monmouth County are susceptible to riverine and urban (stormwater) flooding, and its coastal
jurisdictions are also very susceptible to tidal and coastal flooding due to coastal storm events including
storm surge.” It is estimated that nearly 10 percent of lands within Monmouth County are located in the 100-
year floodplain. Figure 3a.10 illustrates the location and extent of currently mapped special flood hazard
areas for Monmouth County based on FEMA’s 2014 Preliminary Digital Flood Insurance Rate Maps
(DFIRMs). This includes Zones A/AE (100-year floodplain), Zone VE (100-year coastal flood zones,
associated with wave action) and Zone X500 (500-year floodplain). It is important to note that while FEMA
digital flood data is recognized as best available data for planning purposes, it does not always reflect the
most accurate and up-to-date flood risk. Flooding and flood-related losses often do occur outside of
delineated special flood hazard areas — particularly in areas that were not included in detailed study areas.

Several municipalities in the County, mostly in coastal areas, already benefit from some existing flood
protection structures such as levees, floodwalls, and beach/dune systems. The FEMA FIS notes that small
dams are located on Conines Mill Pond and Indian Run in the Borough of Allentown, on Swimming River in
the Township of Middletown, on Pine Brook near Tinton Avenue in the Borough of Tinton Falls, and
scattered elsewhere throughout the County. Small weirs restrict the passage of tidal surges into inland areas
on Whale Pond Brook and Poplar Brook in the Township of Ocean, and small erosion control structures have
been placed along the streams in the Township of Holmdel. The Township of Wall has also placed small
stone wave protection measures near roads and other critical infrastructure. A bulkhead was constructed
along Marine Park in the Borough of Red Bank.

In cases where flood protection structures have been certified by FEMA as providing protection to the “100-
year” flood event, their effectiveness in reducing flood risk is implicit in the current flood mapping (Figure
3a.10), since the areas they protect to this level have been removed from the A/AE Zones. However, there is
currently no readily available database which identifies these structures, their construction types, dimensions,
level of protection, assets protected, and existing maintenance operations. For future updates of this plan, the
County should consider as an action item a comprehensive effort to compile such a database, which will aid
both the County and individual municipalities in future flood mitigation planning activities.

The flooding portion of this hazard mitigation plan has been revised as part of this first update to
reflect changes between the Q3 mapping and new January 2014 Preliminaries.

7 Storm surge is addressed separately within this section.
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Figure 3a.10

Special Flood Hazard Areas in Monmouth County
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Extent — Flooding

In the case of riverine flood hazard, once a river reaches flood stage, the flood extent or severity categories
used by the NWS include minor flooding, moderate flooding, and major flooding. Each category has a
definition based on property damage and public threat:

*  Minor Flooding - minimal or no property damage, but possibly some public threat or inconvenience.

*  Moderate Flooding - some inundation of structures and roads near streams. Some evacuations of people
and/or transfer of property to higher elevations are necessary.

*  Major Flooding - extensive inundation of structures and roads. Significant evacuations of people and/or
transfer of property to higher elevations. (NWS 2011)

The extent of flooding associated with a 1% annual probability of occurrence (the base flood or 100-year flood,
Figure 3a.10 for Monmouth County) is used as the regulatory boundary by many agencies. Also referred to as
the SFHA, this boundary is a convenient tool for assessing vulnerability and risk in flood-prone communities.
Many communities have maps that show the extent and likely depth of flooding for the base flood.
Corresponding water-surface elevations describe the water elevation resulting from a given discharge level,
which is one of the most important factors used in estimating flood damage.

Historical Occurrences — Flood

Flooding is the most common major natural hazard in New Jersey. The FIS notes that flooding in
Monmouth County is attributed mainly to tropical storms, extratropical cyclones (nor’easters) and, to a
lesser extent, severe thunderstorms. According to NCDC, 129 recorded flood events (coastal flood, flash
flood, and flood) have occurred in Monmouth County since 1996. These events have resulted in two
reported injuries and an estimated $10.038 billion in property damages ($10.0 billion of this is reportedly
attributable to Hurricane Sandy). Some recent notable events include the following:

February 4, 1998. In Monmouth County, damage was estimated at $500,000 as the county was spared by the
eastward movement of the nor’easter off of Cape Hatteras. The continuous onshore flow caused moderate to
severe beach erosion (described under coastal erosion hazard). New Jersey State Route 36 was flooded in Sea
Bright. In Raritan Bay, tidal flooding caused road closures in Middletown Township.

September 16, 1999. Hurricane Floyd brought torrential rains. In Monmouth County, the worst flooding
related problems occurred when the torrential rain coincided with the high tide. The worst flooding was
reported in Union Beach and bay areas of Middletown Township. Mandatory evacuations occurred in Union
Beach (which became an island) and voluntary evacuations occurred in Middletown Township along the bay
and near Compton's and Pew Creeks. New Jersey State Routes 35 and 36 were closed due to flooding. Farther
inland, Manalapan Township was hardest hit with overflowing brooks that forced the closure of six roads and
sandbagging of homes on Birmingham Road. Coastal areas escaped with minimal damage: just some minor
beach erosion and minor back bay flooding at times of high tide. Thousands of barrels and drums (some
containing hazardous solvents and acids) were found bobbing in the waters of Raritan and Sandy Hook Bays
and washed ashore on local beaches. Precipitation totals in Monmouth County included 6.4 inches in Hazlet,
5.82 inches in Marlboro, 5.2 inches in Sandy Hook and 4.57 inches in Keansburg.

October 13-14, 2005. Heavy rain associated with a low pressure system southeast of New Jersey moved into
Monmouth County on the 13th. Three-day storm totals (from the 11th through the 14th) in the county
averaged between four and 11 inches, with the highest amounts near the coast. In Asbury Park and Loch
Arbour Village, Deal Lake overflowed and forced the evacuation of about 65 homes in Loch Arbour and 30
homes in Asbury Park. In Eatontown Borough, Eatoncrest Apartments flooded as water was three to four feet
deep in areas. In Belmar Borough, flooding occurred along Lake Como and along the Shark River. In
Monmouth Beach, flooding along the Shrewsbury River affected several blocks. In Ocean Township,
flooding along the Poplar Brook caused the evacuation of the entire 104 unit Poplar Village Senior Citizens
Center. After the brook receded, 22 units were deemed uninhabitable. In Rumson Borough, flooding along
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the Shrewsbury River closed roads near the Sea Bright-Rumson Bridge. In Howell Township, seven units of
the Friendship Gardens (Senior Citizen) complex were evacuated. Metedeconk River flooding also affected
Freehold Township, the Borough of Spring Lake and Wall Township. Dozens of homes were flooded, mainly
along Ocean Road and Union Avenue. The borough sewage treatment plant flooded. Saint Catherine's
Grammar School was hit hard with up to 2.5 feet of water on its first floor. In Spring Lake Heights, Borough
Shore Road and Jersey Avenue flooded with cars under water. The Brighton Avenue Bridge was also
damaged. About 11 homes were evacuated and three were classified as uninhabitable. Elsewhere in the
township, flooding along Whalepond Brook inundated Branch Road. The Manasquan River at Squankum
reached its 7.5 foot flood stage on the 13th, cresting at 9.62 feet on the 14th. Specific storm totals included
11.58 inches in Manasquan and 10.15 inches in Tinton Falls.

March 2, 2007. Flooding occurred during the morning of the 2" along State Route 35 in Hazlet and
Aberdeen. The flooding may have been enhanced due to the high tide. Flooding also occurred along State
Route 33, Howell Road, Church Road and Fairfield near Freehold. Some rainfall totals include: 1.81 inches in
Jackson; 1.54 inches in Marlboro; and 1.23 inches in Cream Ridge. The NCDC does not report injuries,
fatalities, property damages, or crop damages for this event.

June 14, 2008. A slow moving cold front helped trigger scattered showers and thunderstorms across New
Jersey during the evening of the 14th. The thunderstorms moved slowly and caused flash flooding in
Monmouth County. Torrential downpours caused roadway flooding and flooding of smaller streams and
creeks in the northeastern part of Monmouth County. A Skywarn spotter measured 3 inches of rain within 45
minutes in Middletown Township. Roadway flooding was reported in Middletown and Highlands.

August 21, 2011. Thunderstorms with torrential downpours caused small stream flash flooding as well as
poor drainage flooding in the southern half of Monmouth County. Howell, Ocean and Wall Townships were
hardest hit with around a dozen homes damaged. The runoff also caused moderate flooding along the
Manasquan River that lasted into the 22nd. In Howell, the Mariner's Cove development near the Manasquan
River was hard hit by flooding. Rescue boats were used to evacuate families as mud and water entered the
first floor of homes. The U.S. Route 9 bridge over the Manasquan River was closed due to concern about its
integrity. It was re-opened on the 22nd. Another bridge over the Manasquan River on Allentown-Lakewood
Road near Robert Brice Memorial Park was also flooded and closed. In Ocean Township, flooding displaced
residents of the Middlebrook at Monmouth Apartments on Deal Road. In Freehold, Post Road flooded by a
creek and State Route 33 was closed in both directions at Hills Mills Road. In Long Branch, 2™ Avenue was
under three feet of water, the barricades were even floating away. In Deal, State Route 71 was closed in both
directions. Streams were reported out of their banks in Millstone Township. Precipitation totals included 4.61
inches in Howell Township, 3.75 inches in Ocean Township, 3.16 inches in Asbury Park and 2.96 inches in
Eatontown.

Hurricane Irene 2011. Irene’s torrential downpours caused major flooding and a number of record breaking
crests on area rivers and a three to five foot storm surge that caused moderate to severe tidal flooding with
extensive beach erosion over the weekend of August 27th and 28th. Moderate to severe tidal flooding
occurred along the Atlantic Coast and Raritan Bay. Event precipitation totals averaged 5 to 10 inches and
caused widespread record breaking flooding. There were numerous reports of dune fence damage and sand
overwashes onto streets and boardwalks. Along the Raritan Bay side of Middlesex and Monmouth Counties,
most of the vertical cuts were less than two feet and no breaches were reported. In Keansburg and Union
Beach in Monmouth County low lying bayshore communities experienced tidal flooding. About 3,000 county
residents were evacuated along Raritan Bay. Along the Atlantic Ocean side of Monmouth County, vertical
cuts averaged 2 to 5 feet. In Spring Lake, about one and a half miles of the borough’s boardwalk was
damaged and closed. Peak storm tides included 9.75 feet above mean lower low water in Sandy Hook ;
Severe tidal flooding starts at 8.7 feet above mean lower low water. This was the third highest tide on record
and highest tide since the December 1992 nor'easter. In Monmouth County, flooding rains and winds
damaged and or closed seventy-one roadways and bridges. Infrastructure damage alone was estimated near
nine million dollars. Among the major roadways that were closed included U.S. Route 9 and New Jersey
State Routes 33, 35, 36 and 79. In Middletown Township, a dam broke at the Swimming River Reservoir and
flooded the southern part of the township around County Route 50. Elsewhere in the township, a bridge
washed out at Hubbard Avenue over the Navesink River. In Allentown Borough, businesses located near
Doctors Creek and Conines Millpond were damaged. In Matawan Borough, a huge thirty-five foot sinkhole
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forced the suspension of service along the New Jersey Transit North Jersey Coast Line. The Manasquan River
at Squankum had major and record breaking flooding. It was above its 7.5 foot flood stage from 1146 p.m.
EDT on the 27th through 733 a.m. EDT on the 29th. It crested at 13.06 feet at 1030 a.m. EDT on the 28th.
Event rainfall totals included 8.75 inches in Freewood Acres, 8.57 inches in Howell Township, 8.07 inches in
Red Bank, 6.72 inches in Eatontown and 6.13 inches in Lake Como.

Hurricane Sandy 2012. Monmouth County was one of the two hardest-hit counties in the State of New
Jersey. A unique aspect of Sandy was the multi-tide cycle increase of onshore winds prior to landfall which
caused multiple high tide cycles with tidal flooding and also helped produce catastrophic wave action. Record
breaking or near record breaking high tides were exacerbated by the high astronomical spring tides associated
with the full moon. Recording breaking high tides would have occurred regardless of the lunar tidal cycle in
northern New Jersey. Sandy’s landfall coincided closely with the high tide cycle on the evening of the 29th.
On the oceanside, Raritan Bay and the lower Delaware Bay, minor tidal flooding started during the high tide
cycle on the morning of the 28th, with some moderate tidal flooding during the high tide cycle on the evening
of the 28th. Widespread major tidal flooding occurred during the morning and evening high tide cycles on the
29th. The highest tide (and surge) along the ocean front and Raritan Bay was with the landfalling high tide
cycle on the evening of the 29th. The ocean front and Raritan Bay surge was 5 to 9 feet. A new all-time
record tide was set in Sandy Hook. The tide reached 13.31 feet above mean lower low water before the pier
collapsed about 45 minutes before high tide. An after the event survey performed by the USGS and Rutgers
University determined that an estimated crest of 14.40 feet above mean lower low water will be used as the
new record for Sandy Hook. It was estimated that waves likely reached 12 to 24 feet along the ocean front
with the largest waves along Monmouth County. Most of the surveyed damage to barrier island homes that
were either destroyed or moved indicated that it was the storm surge and wave action that caused most of the
damage. Either minor or no tidal flooding occurred with the subsequent high tide cycles the rest of the month.
Heavy, steady rain also occurred with Sandy. The heaviest rain was in the southern half of the state. Event
rainfall totals averaged 1 to 3 inches in the northern half of the state and 3 to 7 inches in the southern half of
the state, except 6 to 12 inches along the southern tier counties of Salem, Cumberland, Cape May County as
well as coastal Atlantic County. Monmouth and Ocean Counties suffered the greatest damage from Sandy.
Every municipality that bordered Raritan Bay and the Atlantic Ocean suffered widespread damage in
Monmouth County and every inland municipality had at least some sporadic damage. Union Beach and Sea
Bright were among the most hardest hit locations. In Sea Bright, many businesses were totally destroyed and
the fishing pier collapsed. Both Spring Lake and Belmar had miles of their boardwalks destroyed. Some
schools were damaged beyond use. Monmouth University was used as an evacuation center. The New Jersey
Transit line will have to be rebuilt because it was severely damaged. Ferry service between Manhattan and
Atlantic Highlands was suspended indefinitely. Miraculously the only Sandy related injury was carbon
monoxide poisoning in Middletown. While there are no established benchmarks for tidal flooding levels at
these other stations, the following is a list of the highest tides during Sandy. These may not represent the
highest actual tide as there were power outages and some of the graphs plateaued at high crest. The tide gages
whose peak crest looks suspect (and may be higher) are marked with an asterisk. At Keansburg* the highest
crest was 8.96 feet above mean lower low water, at Sea Bright, the highest crest was 13.79 feet above mean
lower low water; and at Belmar* the highest crest was 8.70 feet above mean lower low water.

Other notable reports of historical flood events include the following, as identified by the Planning
Committee:

*  Major tidal and storm surge flooding occurred to jurisdictions located along the immediate shoreline and
along the Shrewsbury River during the 1992 nor’easter, resulting in an estimated $270 million in insured
damage to public and private property.

* The Township of Aberdeen indicated that the low-lying areas of Cliffwood Beach have been subject to
repeated flooding during storms. They also noted that several roadways in the Township are flood prone,
including but not limited NJDOT’s State Highway 35 at Long Neck Creek, Lakeshore Drive and Greenwood
Avenue, and Amboy Avenue.

*  The Borough of Allentown reported that during periods of heavy rainfall, Doctors Creek and Indian Creek
have overflowed their banks and backed up the municipality’s drainage system, which causes flooding of
streets and adjacent properties.

*  The Borough of Avon-By-The-Sea reported that coastal flooding occurs even during moderate storm events.
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*  The Borough of Bradley Beach has had flooding situations due to storms in the past, and currently a lake
frequently crests due to outfall pipes being inoperable.

*  The Borough of Brielle indicated that historically the damages caused by flood events have been confined to
flooded basements on private property.

*  The Borough of Farmingdale stated that Mariners Cove rests in the middle of an ox-bow in the Manasquan
River and has flooded five residences on at least five different occasions and has inundated the road and
threatened the residences on a regular basis.

*  The Township of Hazlet indicated that there are multiple roadways that flood during extreme rain events,
including state highways.

*  The Borough of Keansburg has certain areas that currently flood during extreme high tides and severe rain
storms.

*  The Village of Loch Arbour reported that the flood event of October 2005 affected 80 percent of the village.

e  The Township of Marlboro explained that its flooding issues have been worsening in the past seven to 10
years. Small streams overflow their banks regularly during prolonged rain events, and severe storms cause
widespread flooding in these areas.

*  The Borough of Matawan reported that Aberdeen Road, Ravine Drive and occasionally Main Street (near
Lake Matawan) have been subject to historical flooding.

*  The Borough of Neptune City indicated that it is vulnerable to both street flooding during heavy rains as well
as tidal and storm flooding from the Shark River.

*  The Township of Neptune noted that the Shark River Hills and North Island section of the community
frequently flood on high moon tides, heavy rains, and certain storm events. The Ocean Grove section of the
Township experiences flooding during certain tidal and heavy rain events. The coastal lakes (Fletcher and
Wesley Lakes) also experience flooding during high tides and heavy rains.

* The Township of Ocean experiences a severe flooding issue every time it rains hard for more than 30
minutes. During any storm, there is an 85 percent chance or better that the Township will have to evacuate
residents (mostly senior citizens) from their homes. This has occurred every year since 1985.

*  The Borough of Oceanport indicated that even frequent heavy rains will cause minor to moderate flooding
(particularly street flooding) due to the low lying nature of the area. In addition, the storm drainage
infrastructure reportedly needs improvements due to development over the years. Past flooding has caused
major traffic issues with County and local roadways flooding.

*  The Borough of Shrewsbury has reported that only minor localized flooding occurs in the town, mostly
surrounding local streams and due to poor storm drainage along the roads.

* The Borough of Spring Lake reported significant riverine flooding occurrences in the Wreck Pond
subwatershed. Damages of $9.8 million were reported in this area following the October 2005 flood event.

*  The Township of Upper Freehold has indicated that all County and Township roads in its jurisdiction have no
shoulders, and heavy rain from storm events erodes or washes out the roadways.

Historical Summary of Insured Flood Losses

According to FEMA flood insurance policy records, there have been 21,481 flood losses reported in
Monmouth County through the National Flood Insurance Program (NFIP) since 1972, totaling almost $853
million in claims payments. Every municipal jurisdiction in Monmouth County is listed by FEMA as being
an active participant in the NFIP (with Freehold Borough and Shrewsbury Township recently joining in
August 2013). The name of the Floodplain Administrator (the person responsible for ensuring that
development activities comply with floodplain management ordinances and NFIP regulations) for each
jurisdictions included in Appendix 1.4.

In addition to NFIP participation, the eight communities of Aberdeen, Bradley Beach, Hazlet, Manasquan,
Middletown, Oceanport, Spring Lake, and Union Beach are listed by FEMA as Community Rating System
(CRS) eligible communities®. Under the CRS, communities which implement floodplain management
actions that go beyond the minimum requirements of the NFIP are eligible for discounts on flood insurance
premiums for properties within that community.

8 As per the Community Status Book of May 2014, which was still the most recent available status book posted online by FEMA as of October
2014, Sea Bright’s status is listed as “Rescinded”.
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Monmouth County OEM will continue to work with all jurisdictions in the County, encouraging them all to
participate fully in the National Flood Insurance Program, and to take full advantage of additional FEMA
programs such as the Community Rating System (CRS). Jurisdictions already eligible for the CRS will be
encouraged to upgrade their CRS status, while non-eligible jurisdictions will be encouraged to work
towards eligibility. The County will also support local jurisdiction participation in the Cooperating
Technical Partners Program (CTP), of which the main objective is to increase local involvement in the
floodplain mapping process.

Table 3a.15 lists the total number of losses and total claims payments under the NFIP, by municipal
jurisdiction. It should be emphasized that this listing includes only those losses to structures that were
insured through the NFIP policies. Total number of losses includes some losses in which claims were
sought and not received. It is likely that many additional instances of flood losses in Monmouth County
were either uninsured or not reported.

Before Hurricane Sandy had even occurred, the total value of all claims paid county-wide had
increased by 42 percent between May 2008 and May 2012, ($76.8 million in May 2008 as compared to
$109.5M in May 2012. At that time, many of the claims paid were due to Hurricane Irene. The
impacts of Sandy are truly staggering. Between May 2008 and August 2014, the total value of all
claims paid has increased from $76.8 million to $852 million. This represents about a 1009 percent
increase over May 2008 values that were presented in the initial version of this hazard mitigation
plan.
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Repetitive Loss Properties

FEMA defines a repetitive loss property as any insurable building for which two or more claims of more
than $1,000 were paid by the NFIP within any rolling 10-year period, since 1978. A repetitive loss
property may or may not be currently insured by the NFIP. According to FEMA repetitive loss property
records there are 1,618 repetitive loss properties located in Monmouth County as of February 4, 2014 of
which 1,593 are “non-mitigated”. These non-mitigated properties are associated with a total of 4,596
losses and approximately $199.4 million in claims payments under the NFIP since January 1978 (the
earliest recorded date of loss), as shown in Table 3a.16.

While forty-six (87 percent) of Monmouth County’s municipal jurisdictions are identified as having one or
more Repetitive Loss (RL) properties. Highlands and Sea Bright have the most RL properties (219 and
191, respectively; 66% of all the RL properties in the County). Total paid claims are the highest in three
communities: Sea Bright ($32.9 million from 191 properties; as compared to $9.4 million from 140
properties in 2008); Monmouth Beach ($26.5 million from 149 properties; as compared to $8.0 million
from 116 properties in 2008); Highlands ($22.6 million from 219 properties; as compared to $1.2 million
from 101 properties in 2008). Paid claims per RL property are highest, on average, in the Borough of
Keyport where only 10 properties have been paid $3,694,415, or $369,441per claim. Mitigating RL
properties is one of the goals of the State Hazard Mitigation Plan and jurisdictions with RL properties in
their communities should aim toward this same goal wherever possible.

Table 3a.16

NFIP Repetitive Loss Property Statistics (as of February 14, 2014) for Non-mitigated RL Properties
(Source: FEMA Region 2)

Totals for Non-mitigated RL Properties
Jurisdiction Non-ll\{’[Ithli)gated Total Total Pa?r:litlifi)er
Properties Losses Payments Non-mitigated
RLP
Aberdeen, Township of 3 16 $973,573 $324,524
Allenhurst, Borough of 2 7 $152,088 $76,044
Allentown, Borough of 0 0 $0 --
Asbury Park, City of 6 13 $1,523,641 $253,940
Atlantic Highlands, Borough of 6 13 $1,197,579 $199,596
Avon-By-The-Sea, Borough of 19 57 $2,919,530 $153,659
Belmar, Borough of 41 106 $3,733,107 $91,051
Bradley Beach, Borough of 4 9 $124,221 $31,055
Brielle, Borough of 10 26 $741,176 $74,118
Colts Neck, Township of 3 10 $354,440 $118,147
Deal, Borough of 3 13 $429,089 $143,030
Eatontown, Borough of 1 $9,923 $9,923
Englishtown, Borough of 3 8 $96,698 $32,233
Fair Haven, Borough of 0 $0 -
Farmingdale, Borough of 7 14 $862,476 $123,211
Freehold, Borough of 0 0 $0 --
Freehold, Township of 5 11 $119,357 $23,871
Hazlet, Township of 3 16 $310,931 $103,644
Highlands, Borough of 219 583 $22,602,414 $103,207
Holmdel, Township of 1 2 $8,996 $8,996
Howell, Township of 4 9 $100,971 $25,243
Interlaken, Borough of 2 4 $74,334 $37,167
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Table 3a.16

NFIP Repetitive Loss Property Statistics (as of February 14, 2014) for Non-mitigated RL Properties
(Source: FEMA Region 2)

Totals for Non-mitigated RL Properties
Jurisdiction Non-ll\{’[]idtli)gated Total Total Pa)ér:,leell‘ligeper
Properties Losses Payments Non-mitigated
RLP

Keansburg, Borough of 63 130 $3,596,384 $57,085
Keyport, Borough of 10 58 $3,694,415 $369,441
Lake Como, Borough of 2 4 $70,255 $35,128
Little Silver, Borough of 24 64 $5,029,307 $209,554
Loch Arbour, Village of 18 42 $969,341 $53,852
Long Branch, City of 64 192 $8,050,025 $125,782
Manalapan, Township of 3 6 $51,317 $17,106
Manasquan, Borough of 160 451 $13,666,533 $85,416
Marlboro, Township of 4 9 $52,320 $13,080
Matawan, Borough of 0 0 $0 -
Middletown, Township of 156 392 $12,125,139 $77,725
Millstone, Township of 0 0 $0 -
Monmouth Beach, Borough of 149 527 $26,528,355 $178,043
Neptune City, Borough of 4 8 $808,862 $202,215
Neptune, Township of 19 47 $3,009,244 $158,381
Ocean, Township of 39 114 $4,030,351 $103,342
Oceanport, Borough of 52 162 $10,304,414 $198,162
Red Bank, Borough of 3 8 $1,317,438 $439,146
Roosevelt, Borough of 0 0 $0 --
Rumson, Borough of 41 255 $15,686,743 $182,404
Sea Bright, Borough of 191 625 $32,927,563 $172,396
Sea Girt, Borough of 2 4 $69,360 $34,680
Shrewsbury, Borough of 1 2 $5,628 $5,628
Shrewsbury, Township of 0 0 $0 -
Spring Lake, Borough of 112 312 $11,179,200 $99,814
Spring Lake Heights, Borough of 5 16 $464,680 $92,936
Tinton Falls, Borough of 1 2 $17,620 $17,620
Union Beach, Borough of 77 225 $9,072,148 $117,820
Upper Freehold, Township of 1 6 $50,532 $50,532
Wall, Township of 4 9 $303,172 $75,793
West Long Branch, Borough of 1 2 $7,773 $7,773

Total 1,593 4,596 $199,422,664 $125,187

The approximate areas where RL properties are clustered are plotted in Figure 3a.11 in comparison with
the extent of the mapped FEMA Preliminary DFIRMs (the Base/100-year floodplain). This figure does not
show areas of the County where occasional isolated RL properties are located, and show only the
approximate areas covering clusters of RL properties, since the component data is subject to the 1974
Privacy Act. This legislation prohibits the public release of any information regarding individual NFIP
claims or information which may lead to the identification of associated individual addresses and property
owners. However, while this information is not available to the general public, the County may
subsequently obtain comprehensive RL property data from FEMA for the purposes of targeted mitigation
of RL areas or individual RL structures.
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Figure 3a.11
Repetitive Loss Property Cluster Areas
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Since the plan was initially prepared in 2008, the number of listed repetitive loss properties has increased
dramatically, with 594 non-mitigated RLPs in August 2008 as compared to 1,593 as of February 2014.
FEMA has indicated that their system depends heavily on programmed address matching to identify
repetitive losses and, while the software makes some allowances for misspellings and incomplete
addresses, it is not perfect and sometimes legitimate address matches are missed. Sometimes repetitive loss
properties go undetected for years because of address anomalies. There are FEMA contractors and FEMA
regional staff who are actively working the repetitive loss system which allows them to link addresses that
they have found should be linked. When they do, new repetitive loss properties can be created even though
the loss dates may have been older. Sometimes repetitive loss properties can be combined as well and may
create severe loss properties.

The average repetitive loss property in Monmouth County has experienced 2.9 loss events. At the extreme
end, two properties in the Boroughs of Keyport and Sea Bright are recorded as having experienced 21 and
14 losses respectively, with a combined $1,278,945 in paid claims. All told, there are six properties in the
county that have had 10 or more losses. They are located one in Hazlet, one in Monmouth Beach, two in
Sea Bright, one in Aberdeen, and one in Keyport. These six properties have had a total of 78 losses and
$3,226,178 in paid claims. The following six communities have no RL properties within their borders:
Allentown, Fair Haven, Matawan, Millstone, Roosevelt, and Shrewsbury Township. The majority of all
RL properties are located in the 100-year floodplain, and leaving aside scattered individual RL properties,
the RL clusters are almost entirely within the 100-year floodplain.

Severe Repetitive Loss Properties

FEMA defines a severe repetitive loss property as a residential property that is covered under an NFIP
flood insurance policy and: (a) that has at least four NFIP claim payments (including building and
contents) over $5,000 each, and the cumulative amount of such claims payments exceeds $20,000; or (b)
for which at least two separate claims payments (building payments only) have been made with the
cumulative amount of the building portion of such claims exceeding the market value of the building; and
(c) for both (a) and (b), at least two of the referenced claims must have occurred within any ten-year
period, and must be greater than 10 days apart. According to FEMA repetitive loss property records (as of
February 4, 2014) there are a total of 114 severe repetitive loss properties located in 17 Monmouth County
communities of which all are identified as “non-mitigated”. These 114 severe repetitive loss properties are
associated with a total of 591 losses and $23,727,939 in claims payments under the NFIP since January
1978 (the earliest recorded date of loss), as shown in Table 3a.17. There are an average of 5.18 claims per
property and an average payment of $40,149 per paid claim.

Table 3a.17
NFIP Severe Repetitive Loss Property Statistics (as of February 14, 2014)

for Non-mitigated Severe RL Properties
(Source: FEMA Region 2)

Totals for Non-mitigated SRL Properties
- Average
Jurisdiction i Goated Total Total Payments per
SRL ore
- Losses Payments Non-mitigated
Properties SRL
Atlantic Highlands, Borough of 1 4 $84,240 $21,060
Avon-By-The-Sea, Borough of 1 4 $93,456 $23,364
Hazlet, Township of 2 14 $284,410 $20,315
Highlands, Borough of 7 32 $827,183 $25,849
Little Silver, Borough of 2 9 $196,895 $21,877
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Table 3a.17
NFIP Severe Repetitive Loss Property Statistics (as of February 14, 2014)

for Non-mitigated Severe RL Properties
(Source: FEMA Region 2)

Totals for Non-mitigated SRL Properties
Jurisdiction Non-gdliigated Total Total Pa?glz;igi)er
Properties Losses Payments Non-mitigated
SRL

Long Branch, City of 3 21 $555,299 $26,443
Manasquan, Borough of 7 36 $664,638 $18,462
Middletown, Township of 6 29 $711,066 $24,520
Monmouth Beach, Borough of 22 122 $7,866,045 $64,476
Ocean, Township of 2 14 $328,915 $23,494
Oceanport, Borough of 2 10 $299,089 $29,909
Rumson, Borough of 12 56 $3,393,406 $60,597
Sea Bright, Borough of 19 116 $3,728,900 $32,146
Spring Lake Heights, Borough of 3 12 $389,528 $32,461
Spring Lake, Borough of 20 81 $3,672,685 $45,342
Union Beach, Borough of 4 25 $581,652 $23,266
Upper Freehold, Township of 1 6 $50,532 $8,422
Total: 114 591 $23,727,939 $40,149

Probability of Occurrence — Flood

Flooding will continue to have a high probability of occurrence in Monmouth County, and the probability
of future occurrences in Monmouth County is certain. The probability of future flood events based on
magnitude and according to best available data is illustrated in Figure 3a.10, which indicates those areas
susceptible to the 1 percent annual chance flood (100-year floodplain); the 1 percent annual chance flood
with wave action (100-year coastal floodplain); and the 0.2 percent annual chance flood (500-year
floodplain). The frequency of intense precipitation events in Monmouth County is expected to increase in
the future with climate change; this is likely to result in more riverine and flash flooding events.

Flooding in Monmouth County is attributed mainly to tropical storms, nor’easters, and - to a lesser extent -
severe thunderstorms. Usually occurring during late summer and early autumn, these storms can result in
severe damage to coastal areas. Although extratropical cyclones can develop at almost any time of the
year, they are more likely to occur during winter and spring. Thunderstorms are a common occurrence
during the warm summer months.

It should also be noted that anticipated sea level rise will increase the risk of damages/losses due to future
coastal flooding events. Rising sea level over time will shorten the return period (increasing the frequency)
of significant flood events. For example; sea level rise of 1 foot over a typical project analysis period (50
years) may cause a flood event currently of annual probability 2 percent (50-year flood) to become an
event of 10 percent annual probability (10-year flood). This increased probability obviously has an effect
on the estimation of annualized loss/damage, but one that is typically only analyzed during detailed
feasibility studies for projects proposed by the US Army Corps of Engineers.

Appendix 3a.1 includes maps, for each jurisdiction, showing the SFHA under high and moderate
assumptions for sea level rise in each community and highlights critical facilities that may be exposed to
100-year flooding under future conditions. See Section 3¢ for estimates of riverine flood losses in 2050
with high estimates of sea level rise (2 feet).
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Storm Surge

Location — Storm Surge

There are many areas in Monmouth County subject to potential storm surge inundation as modeled and
mapped by the U.S. Army Corps of Engineers (USACE). Figure 3a.14 illustrates inundation zones storm
surges associated with hurricanes of Category 1 to 4 for Monmouth County derived from georeferenced
SLOSH (Sea, Lake and Overland Surge from Hurricanes) data produced by the USACE in coordination
with NOAA®’. SLOSH is a modeling tool used to estimate storm surge for coastal areas resulting from
historical, hypothetical or predicted hurricanes taking into account maximum expected levels for pressure,
size, forward speed, track and winds. Therefore, the SLOSH data is best used for defining the potential
maximum surge associated with various storm intensities for any particular location. Storm surge arrives
prior to a hurricane’s landfall, and the greater the hurricane’s intensity, the sooner the surge arrives. As
shown in the figure, all of Monmouth County’s coastal jurisdictions are at high risk to storm surge
inundation. While non-coastal areas may not be directly impacted by storm surge inundation, they might
experience flooding caused by storm surge and extremely high tides that can affect the drainage of areas
further inland. In total, 41 (77 percent) of municipal jurisdictions have been identified as being at risk to the
storm surge hazard in Monmouth County.

Extent — Storm Surge

The magnitude or severity of the storm surge hazard is generally related to the category of storm making
landfall, where Category 1 potential storm surge inundation areas are smaller than Category 4 potential
inundation areas. The Saffir-Simpson is one scale used to classify storms according to their magnitude or
severity. Table 3a.18 shows the relationship between storm category and surge, as well as typical types
of damages.

Table 3a.18
Saffir-Simpson Scale for Hurricanes

Maximum Minimum
Sustained u Storm
Storm ] Surface Damage e
Wind Surge Description of Damages
Category Speed Pressure (ft) Level
P (Millibars)
(mph)
Greater MINIMAL INo real damage to building structures. Damage primarily to unanchored mobile
1 74-95 than 980 3-5 lhomes, shrubbery and trees. Also, some coastal flooding and minor pier damage.
Some roofing material, door and window damage. Considerable damage t
MODERATE [vegetation, mobile homes, etc. Flooding damages piers and small craft in|
2 96-110 979-965 6-8 unprotected moorings might break their moorings.

Some structural damage to small residences and utility buildings, with a minor
EXTENSIVE amount of curtainwall failures. Mobile homes are destroyed. Flooding near the|

coast destroys smaller structures, with larger structures damaged by floating debris.|
3 111-129 964-945 9-12 Terrain might be flooded well inland.

IMore extensive curtainwall failures with some complete roof structure failure on|
EXTREME [small residences. Major erosion of beach areas. Terrain might be flooded well
4 130-156 | 944-920 | 13-18 inland.

Complete roof failure on many residences and industrial buildings. Some complete]
CATASTRORP puilding failures with small utility buildings blown over or away. Flooding causes|
Less than HIC imajor damage to lower floors of all structures near the shoreline. Massive
5 157+ 920 19+ evacuation of residential areas might be required.

Source: National Oceanic and Atmospheric Administration

? This data represents a polygon feature set in Monmouth County showing the limits of potential flooding from Category 1-4 hurricanes. The data
was compiled by the U.S. Army Corps of Engineers as part of a Hurricane Evacuation Study (HES) in 2005-2006
(http://www.nap.usace.army.mil/HES/nj/index.html). The USACE gathered 2003 contour lines data from Monmouth County as part of its
calculations in using the National Weather Service- National Hurricane Center's SLOSH model (Sea, Lake and Overland Surges from Hurricanes).
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Figure 3a.14
Hurricane Storm Surge Inundation Zones in Monmouth County
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Historical Occurrences — Storm Surge

Before Superstorm Sandy, there is very limited data available for historical weather events that have
caused storm surge inundation in Monmouth County. According to NCDC records, Monmouth County
experienced a storm surge event in February 2006 that accounted for an estimated $900,000 in property
damages, as described below. Storm surge has been a major factor associated with other weather events
affecting Monmouth County, particularly nor’easters (as described separately within this section).

February 12, 2006. The major winter storm that affected New Jersey had a major impact on the New Jersey
shore. Strong onshore winds along with high tides produced coastal flooding along with beach erosion. Across
coastal Monmouth County, minor to locally moderate coastal flooding was reported across many areas. In the
Monmouth Beach area, a storm surge flooded the Patten Avenue Bridge along with some other streets during the
early morning, where some cars were overtaken by water.

Hurricane Irene 2011. Hurricane Sandy 2012. Storm surge associated with Hurricane’s Irene and Sandy was
extensive — and devastating for most coastal and bayshore communities during Sandy- and is discussed in detail
in the section on Hurricanes and Tropical Storms.

Other notable reports of historical storm surge events include the following, as identified by the
Planning Committee:

e The Borough of Allenhurst lost numerous beach buildings to storm surge during the 1992 nor’easter event.

*  The Borough of Bradley Beach has experienced significant flooding issues due to storm surge in the past.

» Little Silver Borough indicated that the storm surge associated with the 1992 nor’easter was measured at a
height of 11 feet and caused major coastal flooding along the waterfront.

Probability of Occurrence — Storm Surge

Monmouth County faces a relatively low probability of major storm surge inundation as derived from
current SLOSH data for major hurricanes (Category 3-4). As described elsewhere in this section, the
probability of a named storm making landfall in the vicinity of Monmouth County is 13 percent but is less
for events that cause significant storm surge (dependent on storm speed, direction, tides, etc.). However,
less severe to moderate storm surge events typically associated with nor’easters and less intense coastal
storms are more likely to occur, and in the case of nor’easters will last longer and possibly cause more
damage than fast-moving hurricanes. Additionally, the long-term rise in sea level can be expected to
impact the occurrence of significant storm surges and hence future damages from coastal flooding in
Monmouth County. Rising sea levels over time will shorten the return period (or exceedance interval) and
hence increase the frequency of significant storm surge events. To take a hypothetical example, a one foot
rise in sea level over 50 years could result in a storm surge event with a current annual occurrence
probability of 2% (a “50-year” event) becoming an event of 10% annual probability (a “10-year” event).

The frequency and intensity of coastal storms and severe weather events is expected to increase in the
future due to climate change. In the years to come, it is anticipated that Monmouth County will observe
drastic changes in storm character, intensity, frequency, and storm tracking. Hurricanes are likely to
become more intense with rising sea water temperatures. Coastal erosion rates are likely to increase with
rising sea-level, to levels higher than those rates that have been observed over the last century. Storm
effects will be more extensive in the future. The following types of impacts can be anticipated in
Monmouth County’s future as a result of climate change and sea level rise: inundation of low-lying areas;
increased frequency and extent of storm-related flooding; wetland loss; saltwater intrusion into estuaries
and freshwater aquifers; land loss through submergence and erosion of lands in coastal areas; migration of
coastal landforms and habitats; increased salinity in estuaries and coastal fresh; impacts to human
populations (property losses, more frequent flood damage, more frequent flooding of roadways and urban
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centers, risks to people as the population of coastal areas increases); more buildings and infrastructure
exposed; currently exposed buildings and infrastructure could be subject to potentially greater losses as
water levels increase, and continued rapid coastal development exacerbates the impacts of sea level rise;
impacts on gravity flow stormwater systems; impacts on non-coastal areas. Impacts of climate change and
sea level rise can affect all parts of a community, including: transportation infrastructure (ports, marinas,
airports, roads, bridges, railways); public infrastructure (stormwater and wastewater management systems,
drinking water supply and distribution systems, power utility systems, communications systems); public
facilities (i.e., police, fire, ambulance, hospitals, schools, daycare centers, adult living facilities, historic
landmarks, government buildings, libraries, parks, etc.); economic viability of a community — particularly
for communities where tourism tends to drive local economies, as is the case in many of Monmouth
County’s coastal communities. Climate change and sea level rise could lead to a potential loss of assets
that support tourism (i.e., beaches themselves as well beach access points, lodging, restaurants, marinas,
fishing habitats, ecotourism, etc.).

Wave Action

Location — Wave Action

The areas most susceptible to wave action in Monmouth County are predominantly located along the
immediate coastal and shoreline areas of the Atlantic Ocean and Raritan Bay. Additional areas may
occasionally experience wave action during extremely large storm events that cause storm surge
(addressed separately within this section). Figure 3a.15 illustrates the wave action hazard zones for
Monmouth County based on FEMA 2014 Preliminary FIRMs. This includes areas mapped as Zone VE
according to the most recent Flood Insurance Study (FIS) completed by FEMA. Zone VE refers to coastal
areas with a 1 percent or greater chance of flooding and an additional hazard associated with storm-driven
velocity waves of three feet or more."

Extent — Wave Action

There is no particular scale that classified the magnitude or severity of different wave events for different
category storms. The extent of flooding associated with a 1% annual probability of occurrence (the base
flood or 100-year flood) is used as the regulatory boundary by many agencies and this mapping does
include mapping of the V-zone, or the lands that can support breaking waves of three feet or more. This
boundary is therefore a convenient tool for assessing the extent of the wave action hazard and risk in flood-
prone communities. Higher Category storms on the Saffir-Simpson scale would, however, typically have
more destructive waves breaking into the built environment at the coastline causing more extensive
damages to those susceptible structures with increasing storm category.

10 Figure 3a3.12 illustrates best available data based on the most recent FEMA Flood Insurance Study (FIS). It should be noted that
although wave action hazard areas are not delineated along the Navesink River for the municipalities of Red Bank and Fair Haven, it
has been determined that these areas in general should be considered susceptible to wave action. It is anticipated that future, more

detailed flood studies for the area will delineate VE Zones that will support this determination.
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Figure 3a.15

Wave Action Hazard Zones in Monmouth County
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Historical Occurrences — Wave Action

According to NCDC’s latest records, 28 recorded wave action events (“high surf’) have affected
Monmouth County from August 1996 to September 2014 (data excludes wave action associated with other
major historical events addressed separately within this section, such as hurricanes and nor’easters). These
incidents resulted in a reported total of three deaths and 2 injuries in Monmouth County and caused an
estimated $40,000 in property damages. Some recent notable events include the following:

August 14-20, 1995. Swells associated with Hurricane Felix generated rough surf and rip currents for about
one week along the New Jersey shore. A 17-year-old surfer drowned off Deal. Two boys were swept off the
beach by a large wave at Point Pleasant Beach. A 45-year-old male drowned in Avon-By-The-Sea.
Numerous injuries were reported, five alone in Long Beach Township. The rough surf spread to Monmouth
County and municipalities along the shore began restricting bathing. By the 16th, waves reached up to eight
feet at Sandy Hook and most bathing was prohibited. As Felix weakened offshore, bathing restrictions began
to be lifted on the 20th.

August 23-28, 1998. Rip currents and large waves associated with Hurricane Bonnie in the Atlantic Ocean
caused hundreds of water rescues and resulted in swimming restrictions up and down the New Jersey shore.
In Monmouth County, 10 swimmers were rescued at Bradley Beach and 25 were rescued at Manasquan and
Spring Lake. On the 24th, swimming restrictions started as swells increased to six to eight feet. The most
reported rescues on the 24th were in Monmouth County (about 25) in Manasquan and Spring Lake. One
teenager in Spring Lake was injured. As Bonnie neared the North Carolina Coast on the 26th, beach
restrictions became tighter. Numerous beaches were closed and surfing was banned in several communities.
August 30-31, 1999. The combination of swells from Hurricane Dennis and a stiff northeast flow caused by
a strong high pressure system building over New England produced rough surf, some minor tidal flooding
and beach erosion. A major contributing factor to the winds and rip currents was a very strong high pressure
system that built into eastern Canada and New England. Bathing restrictions were in place. The highest
recorded tide in Monmouth County was 6.7 feet above average tide heights at Sandy Hook.

August 25-26, 2001. The northeast to east flow around a high and a developing low pressure system
produced rough surf and rip currents along the New Jersey shore. A person nearly drowned while fishing
along the shore. A total bathing ban was in effect in Allenhurst, while yellow cautionary flags flew and
partial bathing bans were in effect in other places such as Sea Girt. A 17-foot vessel capsized half a mile off
of Shark River Inlet in five to six foot seas. In Belmar, a 42-foot sport fisher vessel carrying eight persons
ran aground between the south jetty and a fishing pier.

March 13, 2010. The pounding surf and moderate to locally severe coastal flooding took its toll on the New
Jersey coast. The tidal flooding in Monmouth County brought back memories of the December 1992
nor’easter. Wave heights reached 7 to 9 feet. On the Raritan Bay side, a 20 foot wide cut in a dune occurred
at Point Comfort in Keansburg. Shore Boulevard was severely flooded. Smaller dune cuts also occurred in
Bayshore, Port Monmouth and Belford. On the ocean side, 4 to 5 foot vertical cuts were common. Sea
Bright lost fifty percent of its dune system. Tidal flooding along the Shrewsbury River spilled into homes
and businesses in the central and southern side of the borough. In Manasquan, road damage occurred at the
intersection of Third Avenue and Riverside Drive.

*  Note: See the Hurricane and Tropical Storm subsection for discussion of wave impacts during Sandy.

Other notable reports of historical wave action events include the following, as identified by the
Planning Committee:

*  The Borough of Brielle has indicated that sustained wave action over the years has caused substantial
deterioration to a bulkhead along the Manasquan River (at the end of Ocean Avenue). It is believed that
during a future coastal storm, severe wave action could cause complete failure of the bulkhead causing great
damage to not only the Borough-owned street but could also threaten a large commercial structure and a

Multi-Jurisdictional Hazard Mitigation Plan — Monmouth County, New Jersey 3a-72
Revised Draft - 2014 Plan Update



SECTION 3a: RISK ASSESSMENT - HAZARD PROFILES

marine fuel facility located in the immediate proximity of this bulkhead. Salt water infiltration to the
borough’s potable water system may also occur.

e The Township of Neptune has indicated that a one-block section of the Shark River Hills area experienced
wave action during Sandy. The Ocean Grove area also experienced wave action during Sandy, which
damaged the fishing pier portions of the boardwalk and dune. During the 1992 nor’easter, sections of the
boardwalk were lost, along with some dune erosion.

Probability of Occurrence — Wave Action

Wave action will remain continue to have a high probability of occurrence for the coastal flood hazard
zones of Monmouth County, and the probability of future occurrences is certain. Less severe wave action
events will be more frequent but likely cause less impact (i.e., minor damages, coastal erosion, etc.), while
more severe waves associated with less frequent coastal storm events such as hurricanes and nor’easters
will cause higher impacts (including property damages) along Monmouth County’s shoreline.

The frequency and intensity of coastal storms and severe weather events is expected to increase in the
future due to climate change. In the years to come, it is anticipated that Monmouth County will observe
drastic changes in storm character, intensity, frequency, and storm tracking. Hurricanes are likely to
become more intense with rising sea water temperatures. Coastal erosion rates are likely to increase with
rising sea-level, to levels higher than those rates that have been observed over the last century. Storm
effects will be more extensive in the future. The following types of impacts can be anticipated in
Monmouth County’s future as a result of climate change and sea level rise: inundation of low-lying areas;
increased frequency and extent of storm-related flooding; wetland loss; saltwater intrusion into estuaries
and freshwater aquifers; land loss through submergence and erosion of lands in coastal areas; migration of
coastal landforms and habitats; increased salinity in estuaries and coastal fresh; impacts to human
populations (property losses, more frequent flood damage, more frequent flooding of roadways and urban
centers, risks to people as the population of coastal areas increases); more buildings and infrastructure
exposed; currently exposed buildings and infrastructure could be subject to potentially greater losses as
water levels increase, and continued rapid coastal development exacerbates the impacts of sea level rise;
impacts on gravity flow stormwater systems; impacts on non-coastal areas. Impacts of climate change and
sea level rise can affect all parts of a community, including: transportation infrastructure (ports, marinas,
airports, roads, bridges, railways); public infrastructure (stormwater and wastewater management systems,
drinking water supply and distribution systems, power utility systems, communications systems); public
facilities (i.e., police, fire, ambulance, hospitals, schools, daycare centers, adult living facilities, historic
landmarks, government buildings, libraries, parks, etc.); economic viability of a community — particularly
for communities where tourism tends to drive local economies, as is the case in many of Monmouth
County’s coastal communities. Climate change and sea level rise could lead to a potential loss of assets
that support tourism (i.e., beaches themselves as well beach access points, lodging, restaurants, marinas,
fishing habitats, ecotourism, etc.).
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GEOLOGIC HAZARDS

Earthquake
Landslide
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Earthquake

Location — Earthquake

The greatest earthquake threat in the United States is along tectonic plate boundaries and seismic fault
lines located in the central and western states; however, the East Coast does face moderate risk to less
frequent, less intense earthquake events. Figure 3a.16 shows relative seismic risk for the United States.

Figure 3a.16
United States Earthquake Hazard Map

Source: United States Geological Survey

Figure 3a.17 shows the probability that ground motion will reach a certain level during an earthquake in
Monmouth County and the surrounding region. The data shows peak horizontal ground acceleration (the
fastest measured change in speed for a particle at ground level that is moving horizontally due to an
earthquake) with a 10 percent probability of exceedance in 50 years. Monmouth County is located in an
area with peak ground acceleration (PGA) values between 4%g and 5%g, which is a relatively low seismic
risk but still enough to suggest that Monmouth County is susceptible to moderate, damaging earthquakes
over time.

Extent — Earthquake

Earthquakes are measured in terms of their magnitude and intensity. Magnitude is measured using the
Richter Scale, an open-ended logarithmic scale that describes the energy release of an earthquake through
a measure of shock wave amplitude. Each unit increase in magnitude on the Richter Scale corresponds to a
10-fold increase in wave amplitude, or a 32-fold increase in energy. Intensity is most commonly measured
using the Modified Mercalli Intensity (MMI) Scale based on direct and indirect measurements of seismic
effects. The scale levels are typically described using roman numerals, with a I corresponding to
imperceptible (instrumental) events, IV corresponding to moderate (felt by people awake), to XII for
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catastrophic (total destruction). A detailed description of the Modified Mercalli Intensity Scale of
earthquake intensity and its correspondence to the Richter Scale is given in Table 3a.19.

Table 3a.19

Magnitude/Intensity Comparison for Earthquakes

Magnitude Typical Maximum

Modified Mercalli Abbreviated Modified Mercalli Intensity Scale
Intensity
1.0-3.0 I I. Not felt except by a very few under especially favorable conditions.

II. Felt only by a few persons at rest, especially on upper floors of buildings.

3.0-3.9 I - 111 II1. Felt quite noticeably by persons indoors, especially on upper floors of
buildings. Many people do not recognize it as an earthquake. Standing motor cars
may rock slightly. Vibrations similar to the passing of a truck. Duration estimated.

IV. Felt indoors by many, outdoors by few during the day. At night, some
awakened. Dishes, windows, doors disturbed; walls make cracking sound.
4.0-4.9 IV-V Sensation like heavy truck striking building. Standing motor cars rocked
noticeably.

V. Felt by nearly everyone; many awakened. Some dishes, windows broken.
Unstable objects overturned. Pendulum clocks may stop.

VL. Felt by all, many frightened. Some heavy furniture moved; a few instances of
fallen plaster. Damage slight.

VII. Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable damage in poorly built or
badly designed structures; some chimneys broken.

5.0-5.9 VI- VI

VII. Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable damage in poorly built or
badly designed structures; some chimneys broken.

VIII. Damage slight in specially designed structures; considerable damage in
6.0-6.9 VII - IX ordinary substantial buildings with partial collapse. Damage great in poorly built
structures. Fall of chimneys, factory stacks, columns, monuments, walls. Heavy
furniture overturned.

IX. Damage considerable in specially designed structures; well-designed frame
structures thrown out of plumb. Damage great in substantial buildings, with
partial collapse. Buildings shifted off foundations.

VIII. Damage slight in specially designed structures; considerable damage in
ordinary substantial buildings with partial collapse. Damage great in poorly built
structures. Fall of chimneys, factory stacks, columns, monuments, walls. Heavy
furniture overturned.

IX. Damage considerable in specially designed structures; well-designed frame
7.0 and higher VIII or higher structures thrown out of plumb. Damage great in substantial buildings, with
partial collapse. Buildings shifted off foundations.

X. Some well-built wooden structures destroyed; most masonry and frame
structures destroyed with foundations. Rails bent.

XI. Few, if any (masonry) structures remain standing. Bridges destroyed. Rails
bent greatly.

XII. Damage total. Lines of sight and level are distorted. Objects thrown into the
air.

Source: US Geological Survey (http://earthquake.usgs.gov/learn/topics/mag_vs_int.php, page last modified September 29, 2014)

Historical Occurrences — Earthquake

Earthquakes do occur on a fairly regular basis in New Jersey, though most are of very low magnitude
(MMI intensity of less than II) and often not felt by people or capable of causing property damage.
According to the New Jersey Geological Survey, there have been 150 recorded earthquakes in New Jersey
since 1783, including seven with epicenters located in Monmouth County (as shown in Figure 3.17).
However, New Jersey’s susceptibility to earthquakes extends to events located beyond state borders, and

Multi-Jurisdictional Hazard Mitigation Plan — Monmouth County, New Jersey 3a-76
Revised Draft - 2014 Plan Update


http://earthquake.usgs.gov/learn/topics/mag_vs_int.php

SECTION 3a: RISK ASSESSMENT - HAZARD PROFILES

some of the most damaging earthquakes were associated with larger, more significant events occurring
elsewhere along the East Coast (also shown in Figure 3.17). Most past earthquake damage in New Jersey
has been to building contents and architectural damage, such as fallen chimneys, cracked plaster and
masonry, and items falling off shelves. Some of the more notable earthquake events for the New Jersey
region are identified in Table 3a.20.

Table 3a.20
Damagir es Felt in the New Jersey Region"’
q Richter an
Date Location Magnitude Description
12/19/1737 Greater NYC Arca 59 Ch}mneys fiown in New York City. Felt from Boston, MA to
Philadelphia, PA.
11/30/1783 North-Central New 53 Felt from New Hampshire to Pennsylvania. Two foreshocks (11/24
Jersey ) and 11/30) and one aftershock (11/30); threw down chimneys.
08/10/1884 Greater NYC Area 5.2 Threw down chimneys; felt from Virginia to Maine

Felt over a considerable area to the northeast and southwest. The total
felt area covered points from Maine to Virginia in a long, narrow
elliptical zone of about 92,000 square kilometers. Articles fell from
09/01/1895 Near High Bridge, NJ 7.7 shelves and buildings rocked (intensity VI) in several Hunterdon
County towns. The shock was fairly sharp at Camden and Burlington.
At Philadelphia, Pennsylvania, broken windows and overturned
crockery were reported.
Occurred in the Asbury Park area. Three shocks were felt along the
coast from Sandy Hook to Toms River. Maximum intensities of VII
06/01/1927 Near Asbury Park, NJ 3.9 were observed at Asbury Park and Long Branch. Several chimneys
fell, plaster cracked, and articles were thrown from shelves. The felt
area extended over approximately 7,800 square kilometers.
A sharp jolt was felt over central New Jersey from Lakehurst to
Trenton. Although there is some doubt whether the shock was of
seismic origin, the event was felt most strongly at Lakehurst, where
01/25/1933 Near Trenton, NJ 0.0 people reported they were rolled out of bed (intensity V). Other
people reported pictures shaken from walls. The shock was also felt at
Bordentown, Burlington, Columbus, Englishtown, Freehold,
Hightstown, New Egypt, Robbinsville, and White Horse.
Caused minor damage at Gloucester City and Hightstown (intensity
V). The total felt area was about 13,000 square kilometers, including
Northeast of New bordering portions of Delaware a.lnd Pennsylvania. Glassware was
08/23/1938 Eevpt. NJ 3.8 broken at Gloucester City and Hightstown and some furniture was
eYPh displaced at Pitman. A few windows and some glassware were
reported broken at Ardmore, Pennsylvania. Four smaller shocks
occurred on 8/23 and one on 8/26.
The disturbance was reportedly felt from Trenton to Baltimore,
Maryland, and from Cape May to Philadelphia and its adjoining
11/15/1939 Salem County, NJ 34 counties. About 16,000 square kilometers were affected. Small objects
were reported to have overturned at Deepwater, but little or no
damage was noted.
A shock affected west-central New Jersey, near the site of the 1895
earthquake. Chimneys cracked (intensity VI), windows and dishes
broke, and pictures fell at Lebanon. A cracked chimney was also

Schooley's Mountain,

312311957 NJ 29 reported from Hamden. At Long Valley, some walls were cracked and
plaster fell. The felt area was small in comparison with the other
shocks previously described.

3/10/1979 Bernardsville, NJ

“Cheesequake | (epicenter in Morris 3.1 Felt by some people in Manhattan
Earthquake” County)
10/19/1985 Ardsley, NY 4 Many people in the NYC area felt this earthquake.

1
Source: NJ State Hazard Mitigation Plan ((http://www.state.nj.us/njoem/programs/pdf/mitigation2014b/mit2014_section5-5.pdf excerpts from
Table 5.5-6).
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Table 3a.20
akes Felt in the New Jersey Region
] Richter -
Date Location Magnitude Description
10/23/1990 Hancock's Bridge, NJ 2.9 Felt in New Jersey, Delaware, and Pennsylvania
02/03/2009 3.5km South-Southwest 3.0 There were reports of people having felt this earthquake throughout
of Rockaway, NJ New Jersey.
02/14/2009 5 km North-Northeast 24 There were reports of people having felt this earthquake throughout
of Boonton, NJ New Jersey.
2.25km East- . .
07/01/2009 Southeast of 28 There were reports of people having felt this earthquake throughout
. New Jersey.
Pennsville, NJ
This earthquake hit just before 9 a.m. and prompted numerous phone
calls to police. No damages were reported. Many people in New
02/21/2010 Gladstone, NJ 26 Jersey reported having felt this earthquake. A 2.3 occurrence later in

the day was also reported as having been felt by numerous people in
New Jersey, and was most likely an aftershock.

6 km Southeast of . .
06/06/2010 Sayreville, NJ 23 People reported having felt this earthquake throughout New Jersey.

A moderate earthquake occurred in central Virginia and was felt
throughout most of the east, from Georgia to southern Canada and
from Indiana to coastal Maine. It was followed by four aftershocks. In
New Jersey, the intensity ranged from one to four (weak to light).
Areas underlain by thick silt and clay felt a stronger ground motion
than did those where rock was very close to the surface. The quake
was felt in South Brunswick and residents were calling 911 wanting to
know what happened; some thought it was an explosion. It was also
felt in the offices of Alcatel-Lucent in Murray Hill (Union County).
Ceiling tiles fell out at a Sears store in Middletown. In Plainfield
(Union County), employees in the Park Madison building were
evacuated after the tremor. Union County’s administration building in
Elizabeth reported continuous shaking. In New Brunswick (Middlesex
County), employees were evacuated from the County administration
building. Atlantic City (Atlantic County) went into emergency mode
with evacuations of high rises, hospitals, schools, casinos, and hotels.
The County OEM received reports of a crack in a wall in a house and
broken water pipe in a building. There were minor scattered power
outages reported throughout the state.

08/23/2011 Central Virginia 5.8

11/05/20112 3 km Southwest of 20 People reported having felt this earthquake in various parts of New
Mahwah, NJ Jersey.
Greater Philadelphia 29 Numerous reports of people having felt the earthquake in

Area/New Jersey southwestern New Jersey.

11/23/2012

Probability of Occurrence — Earthquake

The probability of significant, damaging earthquake events affecting Monmouth County is low. According
to the United States Geological Survey (USGS), an earthquake with a 10 percent probability of exceedance
over 50 years would have PGA values between 4%g and 5%g, which would result in light to moderate
perceived shaking and damages ranging from none to very light. More destructive earthquakes are very
rare, low probability events for Monmouth County with highly infrequent recurrence periods.
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Figure 3a.17

Peak Ground Acceleration with a 10% Probability of Exceedance over 50 years
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Landslide

Location — Landslide

The USGS has delineated areas throughout the country where large numbers of landslides have occurred
and areas which are susceptible to land sliding, and this data confirms that the extreme northeast portion of
Monmouth County is highly susceptible'?). Mapped areas of high susceptibility are illustrated in Figure
3a.18 along with the locations of historic landslide occurrences as recorded by the New Jersey Geological
Survey (NJGS) and described further under “Historical Occurrences.”

The NJGS mapping shows areas of high landslide susceptibility in seven communities: Atlantic Highlands,
Fair Haven, Highlands, Little Silver, Middletown, Oceanport, and Rumson. The horizontal accuracy of the
GIS file has a certain inherent degree of error which is presumed to be the reason why mapped landslide
hazard areas are also showing in Sea Bright, Monmouth Beach, and Long Branch — areas where local
knowledge suggests that landslide development would not be supported by the local topography. For
planning purposes, landslides are, therefore, not considered to be a hazard in these three communities.

Three additional communities outside of mapped areas of high susceptibility have had historic
occurrences: Freehold Township, Howell, and Tinton Falls and, therefore, landslides are considered to b a
hazard for these communities as well.

Extent — Landslide

Areas that are generally prone to landslide hazards include previous landslide areas, the bases of steep
slopes, the bases of drainage channels and developed hillsides where leach-field septic systems are used.
Slopes greater than 10 degrees are more likely to slide, as are slopes where the height from the top of the
slope to its toe is greater than 40 feet. Slopes are also more likely to fail if vegetative cover is low and/or
soil water content is high. Landslides occur when the slope or soil stability changes from stable to
unstable, which may be caused by earthquakes, storms, volcanic eruptions, erosion, fire, or additional
human-induced activities. Although in New Jersey landslides are not as common as in other areas of the
United States, they are a geologic hazard in areas with steep to moderate slopes or geologic units prone to
failure. According to the NJOEM, the largest landslide events in New Jersey occur in the form of slumping
along the coastal bluffs of the Navesink Highlands area of Monmouth County (including the Boroughs of
Atlantic Highlands and Highlands and Township of Middletown). While originally attributed to coastal
erosion, slumping has reportedly begun anew in the last 30 years likely due to development at the bottom
of slopes, an unusually high water table and changes in vegetative patterns.

'2 The horizontal accuracy of the USGS landslide hazard area GIS file has a certain degree of error, which places a
very small portion of the hazard area within the municipal boundary of Sea Bright; however, this area has been
discounted as it is over water.
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Figure 3a.18

Landslide Susceptibility and Historical Incidents for Monmouth County
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Historical Occurrences — Landslide

According to NJGS, 18 historical landslide events have occurred in Monmouth County, as listed in Table
3a.21. Most of these events were located in mapped areas of high landslide susceptibility, though three
occurred outside of mapped hazard areas. These events caused minor property damages and three injuries.

Table 3a.21
ide Events in Monmouth County
Event Date Location Type | Damage | Deaths | Injuries Description
Atlantic Historic slump area, older landslide, probably
Unknown Highlands Slump No 0 0 hundreds of years old, estimated location.

1782 landslide from newspaper account possibly
April 1782 Highlands Slump No 0 0 triggered by undercutting wave action, small

landslide in 1972.

October Debri Big landslide reported at Waterwitch, just below
ctone Highlands coris Yes 0 0 the long pier, shut down the Central Railroad of
1903 flow : .

NJ, estimated location.
1972 Highlands Debris No 0 0 Smgll landslide in 1972. No further details
flow available.
NO;, ;;n7ber Highlands Slump No 0 0 Landslide after heavy rain.
. Landslide, possibly due to fill material failure
January . Debris ) .. .
1999 Highlands flow Yes 0 2 after heavy rain, one condominium unit
destroyed, three others damaged.
. A man digging for fossils in a 45 foot
September Middletown Debris No 0 1 embankment along Big Brook was buried alive
1999 flow . . . .
and seriously injured. Estimated location

August . Recent small slump in slump block possibly

2002 Middletown Slump No 0 0 hundreds of years old on Navesink River bluff.
River bank slumping on 26-foot high bank due

2003 Howell Slump Yes 0 0 to undercutting from the Manasquan River along
200 feet of Bergerville Road.Some road damage.

October Freehold Debris Yes 0 0 Landslide partially blocked road after heavy rain
2005 Township flow during road construction.

October Atlantic Small backyard slump cgused by water

. Slump Yes 0 0 saturation after heavy rain, some property
2005 Highlands . .
damage, estimated location.
Landslide on the bluff between Linden Avenue
April 2007 Highlands Slump Yes 0 0 and Shore Drive, west of Waterwitch Drive in
the Atlantic Highlands.
Triggered by nor'easter of March 31- April 1.
. . Debris Located on bluff between Linden Avenue and
April 2010 Highlands flow Yes 0 0 Shore Drive west of Waterwitch Drive. 50 feet
wide 170 feet long. Deck and house threatened.
. Atlantic Debris Exact date unknown, first noticed in early April
April 2010 Highlands flow Yes 0 0 after back-to-back nor'easters of March/April.
. Atlantic Debris Exact date unknown, first noticed in early April
April 2010 Highlands flow Yes 0 0 after back-to-back nor'easters of March/April.
. Atlantic R
April 2010 Highlands Slump No 0 0 Reactivation of old slump block.
August . Debris Large lands'hde above cqndo complex triggered
Highlands Yes 0 0 by heavy rain from Tropical Storm Irene
2011 flow
damages condo complex.
Large landslide above condo complex triggered

August . Debris by heavy rain from Tropical Storm Irene
2011 Highlands flow Yes 0 0 damages condo complex. Reactivation of prior

landslide.

Source: New Jersey Geological Survey
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Other notable reports of historical landslide events include the following, as identified by the
Planning Committee:

¢ The Borough of Atlantic Highlands and surrounding municipalities have been dealing with the fundamental
problem of geologic instability, slope fragility and slumping for years. The problem in this high elevation
area of Monmouth County has been so clearly established that it has a specific geological name: slump
blocking. Slump blocking is characterized as an entire block of land slips downward, and there are numerous
reports of large slump block occurrences in the area’s recent geologic past, including those listed above.
Specifically Mount Mitchill is an area of concern, but the extent of landslide risk has been described as the
entire bluff along the south side of Sandy Hook Bay for a distance of four miles from Atlantic Highlands
Yacht Harbor to the mouth of the Navesink River.

*  The Borough of Highlands indicated that much of its hillside areas have suffered major erosion and smaller
landslides are a common occurrence after most storms, occasionally causing property damage and frequently
blocking roadways. Specifically, Bayside Drive (main road connecting Highlands to Atlantic Highlands) has
been closed more often than not during the past 10 years due to erosion of the hillside and regular landslide
activity.

*  The Borough of Tinton Falls has an ongoing issue with areas of slumping along Water Street due to
undercutting from the adjacent Pine Brook during periods of high flood flows along the Pine Brook. Most
recently, in 2011, high floodwaters during Hurricane Irene caused Water Street’s embankment to be
undermined, causing slope failures and significant roadway damage in three areas. Photos of the damage and
some of the repair work are shown immediately below. Road closures and detours were required as both
temporary and permanent repairs were made over the following months. Local officials note similar issues
along Jumping Brook.

Probability of Occurrence — Landslide

There is a high probability of future landslide events (primarily slumps and slump blocking) in the
northeast portion of Monmouth County, including the municipalities of Atlantic Highlands, Fair Haven,
Highlands, Little Silver, Long Branch, Middletown, Monmouth Beach, Rumson and Sea Bright.
Particularly, slump blocking is highly likely to continue occurring along the coastal bluffs of Sandy Hook
Bay and along the shore of the Navesink River. The probability of landslide events elsewhere in
Monmouth County is low.
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OTHER HAZARDS

Wildfire
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Wildfire

Location — Wildfire

Areas typically prone to wildfire occurrence include large tracts of undeveloped wildlands containing
heavier fuels with high continuity, steep slopes and far away from firefighting apparatus that would
suppress the spread of wildfires once reported. The New Jersey Forest Fire Service (NJFFES) recently
conducted a wildfire hazard assessment'” for much of the state and has published a map of wildfire hazard
areas in Monmouth County. Figure 3a.19 illustrates this information and shows that the most significant
wildfire hazard areas are located predominantly in the southern portions of the county.

Extent — Wildfire

The extent (that is, magnitude or severity) of wildfires depends on weather and human activity. NJFFS uses two
indices to measure and monitor dryness of forest fuels and the possibility of fire ignitions becoming wildfires.
The State Plan notes that these indices include the National Fire Danger Rating System’s Buildup Index, and the
Keetch-Byram Drought Index. Both are used for fire preparedness planning, which includes the following:
campfire and burning restrictions, fire patrol assignments, staffing of fire lookout towers, and readiness status
for both observation and firefighting aircraft.

*  The Buildup Index (BUI) is a number that reflects the combined cumulative effects of daily drying
and precipitation in fuels with a 10-day time lag constant. The BUI can represent three to four inches of
compacted litter or can represent up to six inches or more of loose litter (North Carolina Forest Service
2009).

* The Keetch-Byram Drought Index (KBDI) is a drought index designed for fire potential assessment
as defined by the United States Department of Agriculture Forest Service. It is a number representing
the net effect of evapotranspiration and precipitation in producing cumulative moisture deficiency in
deep duff and upper soil layers. The index increases each day without rain and decreases when it rains.
The scale ranges from zero (no moisture deficit) to 800 (maximum drought possible). The Florida
Forest Service states that the range of the index is determined by assuming that 8 inches of moisture in
a saturated soil is readily available to the vegetation. For different soil types, the depth of soil required
to hold eight inches of moisture varies. A prolonged drought influences fire intensity, largely because
more fuel is available for combustion. The drying of organic material in the soil can lead to increased
difficulty in fire suppression.

There are also many other scales and fire weather indices that evaluate wildfire potential on any given day
taking into account factors such as daily weather and vegetation condition information, fuel moisture, fuel
hazard, moisture content in the lower atmosphere, etc.

13
The methodological basis for the NJFFS wildfire risk assessment in Monmouth County was based on a correlation of fire risk to
vegetation type as recorded in 1996 data for Land Use / Land Cover data.
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Figure 3a.19

Wildfire Hazard Areas for Monmouth County
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Historical Occurrences — Wildfire

According to data made available through NJFFS, Monmouth County averages approximately 50 wildfire
events per year though most of these are kept fairly small and are suppressed rather quickly (burning less
than one acre). The 10-year average for number of wildfires in Monmouth County between 1993 and 2003
was 51 incidents per year, and the average number of acres burned was 35 per year (0.69 acres per fire). A
sampling of notable events includes the following:

September 7-10, 1838. The New York Herald reported a fire south and east of Bordentown in Burlington
and Monmouth counties 14 miles wide by 20 miles long (approximately 179,200 acres). A good deal of
property damage was reported, along with possible loss of life.

April 15, 1977. A local newspaper reported that approximately 300 acres of woods were burned in Howell
Township. The fire was fanned by winds of 15 mph which swept across Yellowbrook Road. Approximately
20 fire departments assisted. Yellowbrook Road and a portion of Route 33 were closed for several hours.

April 30, 2001. The unseasonably dry weather during the second half of April continued to make it easy for
brush and wildfires to begin and then spread quickly. Three such wildfires occurred during the afternoon and
evening on the 30th across central New Jersey. In Port Monmouth, a four-acre fire consumed vegetation. No
property damage was reported.

May 1, 2001. The extremely dry and unseasonably warm weather of early May made New Jersey primed for
wild and forest fires. In the Belford section of Middletown Township, a wildfire consumed four grassy acres
before it was under control. One home's siding was damaged when the fire crept close to it. Two smaller
brush fires occurred that afternoon within the township off of County Route 520 and Harbor Way. No
damage or injuries were reported.

March 10, 2002. A brush fire, largely exacerbated by strong gusty winds, scorched about 200 acres of brush
in the Port Monmouth section of Middletown. The fire began near Main Street and Broadway. The strong
winds fanned the fire and brought it close to several houses on Park Avenue, but none were damaged. About
100 firefighters fought the blaze. It was extinguished about two hours later.

February 19, 2011. The combination of the strong west-northwest winds, low humidity levels, and recent
dry weather helped cause the rapid spread of wildfires across New Jersey during the day on February 19. In
all, 10 wildfires were reported across the State. In Manalapan, a brush fire reached 200 yards in length on
Smithburg Road before it was contained. Other wildfires were reported in Sayreville and Old Bridge.

Other notable reports of historical wildfire events include the following, as identified by the
Planning Committee:

*  The Township of Ocean has several large wooded areas that are a part of the Green Acres Preserve and has a
history of wildfires. Due to lightning or human-caused incidents, local fire departments respond to these
areas several times on an annual basis. Many of these areas are not accessible by traditional fire apparatus.

*  The Borough of Roosevelt is located next to Assunpink Wildlife Preserve which has several brush fires per
year.

Probability of Occurrence — Wildfire

Wildfire probability depends on local weather conditions; outdoor activities such as camping, debris
burning, and construction; and the degree of public cooperation with fire prevention measures. Wildfire
events will continue to have a high probability of occurrence in Monmouth County, and the probability of
future occurrences in Monmouth County is certain. However, these events are typically contained and
extinguished rather quickly and those events causing major property damage or life/safety threats are much
less likely to occur.
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Sections 3B and 3C - VULNERABILITY ASSESSMENT

Overview

Sections 3B and 3C build upon the information provided in the Hazard Profiles section (3A) by
identifying and characterizing an inventory of assets in Monmouth County, and then assessing the
potential impact and amount of damages that can be expected to be caused by each identified hazard
event. The primary objective of the vulnerability assessment is to quantify exposure and the potential loss
estimates for each hazard, by jurisdiction. In so doing, Monmouth County and each of its municipalities
may better understand their own unique risks to identified hazards and be better prepared to evaluate and
prioritize unique hazard mitigation actions for their communities.

This section begins with a summary description of the asset inventory as compiled for Monmouth County
through coordination with the Monmouth County Office of GIS, as well as an explanation of the
methodology applied to complete the multi-jurisdictional vulnerability assessment. The remainder of this
section focuses on the results of the vulnerability assessment and is organized by hazard in similar format
to the Hazard Profiles section, and as listed below.

* Atmospheric
0 Extreme Temperatures
Extreme Wind
Hurricane and Tropical Storm
Lightning
Nor’easter
Tornado
Winter Storm

O O0OO0OO0OO0Oo

* Hydrologic

0 Coastal Erosion
Dam Failure
Drought
Flood
Storm Surge
Wave Action

O O0OO0OO0Oo

*  Geologic
0 Earthquake
0 Landslide

*  Wildfire
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3B - Identification and Characterization of Assets in Hazard Areas

An inventory of Monmouth County’s georeferenced assets' was created in order to identify and
characterize property and persons potentially at risk to the identified hazards. By understanding the type
and number of assets that exist and where they are located in relation to known hazard areas, the relative
risk and vulnerability for such assets can be assessed. Under this assessment, six categories of assets were
created and then further assessed through geographic information systems (GIS) analysis. The six
categories of assets include:

1. Improved Property: Includes all developed privately held properties according to local parcel data
provided by Monmouth County. The information has been expressed in terms of the total
assessed value of improvements® that may be exposed to the identified hazards.

2. Emergency Facilities: Includes emergency operations centers (EOCs), fire stations, police stations
and hospitals. Schools that serve as Red Cross shelters are not included in this category but are
addressed separately under “other critical facilities.” Data for fire stations, police stations and
hospitals was provided by Monmouth County; and EOC data was obtained from HAZUS-MH".
HAZUS defines EOCs as municipal government disaster operation and communication centers
deemed (for design) to be vital in emergencies; they are dedicated facilities used for emergency
operations, separately and distinctly from hospitals, fire stations, police stations, etc.

3. Critical Infrastructure and Ultilities: Includes airports, ferry ports, potable water treatment
facilities, wastewater treatment facilities and municipal public works buildings. Data for ferry
ports, airports and municipal public works buildings was provided by Monmouth County, and
data for potable water treatment facilities and wastewater treatment facilities was obtained from
HAZUS-MH.

4. Other Critical Facilities: Includes schools (including those used as Red Cross Shelters), childcare
facilities and senior care facilities according to data provided by Monmouth County. Additional
childcare facilities as well as private schools were obtained from HAZUS-MH and NJGIN. These
are non-emergency facilities but still provide critical services and functions for vulnerable sectors
of the population.

5. Historic and Cultural Resources: Includes those historic properties and sites that are included in
the New Jersey or National Registers of Historic Places, or that have been determined eligible for
inclusion through Federal or state processes as administered by the New Jersey Historic
Preservation Office.

6. Population: Includes the number of persons residing throughout Monmouth County as delineated
by census block data from U.S. Census 2010.

The remainder of this subsection provides a more detailed breakdown, by jurisdiction, of georeferenced
assets that have been identified for inclusion in the multi-jurisdictional vulnerability assessment.

! While potentially not all-inclusive for Monmouth County, “georeferenced” assets include those assets for which specific location data is readily
available for connecting the asset to a specific geographic location for purposes of GIS analysis.

? Total assessed values for improvements is based on tax assessor records as provided by municipal jurisdictions to Monmouth County and joined
to parcel data. It does not include dollar figures for tax-exempt improvements, such as publicly-owned facilities.
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Improved Property

There is an estimated $55.1 billion in improved property value throughout Monmouth County. Table
3b.1 lists the total number and percentage of improved parcels as well the total assessed value of their
improvements by jurisdiction based on data provided through the Monmouth County Office of GIS.

Table 3b.1
Improved Property by Juris
Jurisdiction Total Number T:ll:rl'):;e(()lf f::::::‘tre(g Total Assessed Value of
of Parcels Parcels Parcels Improvements
Aberdeen, Township of 7,174 6,430 89.63% $1,057,910,200
Allenhurst, Borough of 347 334 96.25% $163,629,600
Allentown, Borough of 700 654 93.43% $128,744,000
Asbury Park, City of 4,565 3,669 80.37% $822,648,930
Atlantic Highlands, Borough of 1,947 1,700 87.31% $251,833,600
Avon-By-The-Sea, Borough of 1,084 1,048 96.68% $346,002,100
Belmar, Borough of 2,909 2,669 91.75% $507,354,100
Bradley Beach, Borough of 2,104 1,985 94.34% $402,974,400
Brielle, Borough of 2,137 2,009 94.01% $490,439,800
Colts Neck, Township of 3,966 3,422 86.28% $1,679,133,600
Deal, Borough of 960 896 93.33% $511,562,800
Eatontown, Borough of 3,474 3,082 88.72% $1,158,392,100
Englishtown, Borough of 717 673 93.86% $125,736,600
Fair Haven, Borough of 2,180 2,099 96.28% $589,631,200
Farmingdale, Borough of 443 414 93.45% $112,597,500
Freehold, Borough of 3,280 3,148 95.98% $636,156,950
Freehold, Township of 13,369 11,914 89.12% $3,944,416,100
Hazlet, Township of 6,954 6,640 95.48% $1,212,072,900
Highlands, Borough of 2,611 2,229 85.37% $282,777,500
Holmdel, Township of 6,088 5,675 93.22% $2,086,402,399
Howell, Township of 25,517 17,527 68.69% $3,182,248,300
Interlaken, Borough of 434 394 90.78% $91,685,800
Keansburg, Borough of 3,473 3,213 92.51% $349,667,700
Keyport, Borough of 2,401 2,200 91.63% $422,424,400
Lake Como, Borough of 1,004 954 95.02% $155,708,700
Little Silver, Borough of 2,609 2,461 94.33% $747,827,900
Loch Arbour, Village of 148 142 95.95% $39,039,500
Long Branch, City of 9,875 8,952 90.65% $2,345,429,800
Manalapan, Township of 15,423 13,542 87.80% $3,793,581,500
Manasquan, Borough of 3,281 3,059 93.23% $723,654,300
Marlboro, Township of 14,391 13,241 92.01% $3,947,148,000
Matawan, Borough of 2,757 2,481 89.99% $501,846,200
Middletown, Township of 25,596 22,983 89.79% $4,980,350,600
Millstone, Township of 4,284 3,325 77.61% $994,523,937
Monmouth Beach, Borough of 1,676 1,494 89.14% $452,626,900
Neptune City, Borough of 1,724 1,627 94.37% $240,091,400
Neptune, Township of 12,230 10,250 83.81% $1,522,988,600
Ocean, Township of 9,695 8,730 90.05% $2,086,610,750
Oceanport, Borough of 2,280 2,050 89.91% $518,615,000
Red Bank, Borough of 4,348 4,014 92.32% $1,186,117,471
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Table 3b.1
- Improved Property by Jurisdiction ____ __
Jurisdiction Total Number T;?::Jezf })g:::\tre(:if Total Assessed Value of
of Parcels Parcels Parcels Improvements

Roosevelt, Borough of 376 330 87.77% $40,634,100
Rumson, Borough of 2,653 2,509 94.57% $1,411,914,600
Sea Bright, Borough of 1,304 1,135 87.04% $238,003,600
Sea Girt, Borough of 1,335 1,239 92.81% $469,081,700
Shrewsbury, Borough of 1,537 1,481 96.36% $490,447,400
Shrewsbury, Township of 399 397 99.50% $26,891,400
Spring Lake, Borough of 2,088 1,989 95.26% $1,047,534,400
Spring Lake Heights, Borough of 2,459 2,196 89.30% $454,145,300
Tinton Falls, Borough of 8,383 6,394 76.27% $2,014,827,700
Union Beach, Borough of 2,513 2,207 87.82% $255,879,500
Upper Freehold, Township of 3,278 2,489 75.93% $810,887,400
Wall, Township of 10,818 9,909 91.60% $2,302,913,200
West Long Branch, Borough of 2,655 2,454 92.43% $785,971,500

Total 249,954 218,058 87.24% $55,141,734,937

Source: Monmouth County Office of i}




Critical Infrastructure and Utilities

There are 119 identified critical infrastructure and utility elements in Monmouth County, including 19
potable water treatment facilities, 19 wastewater treatment facilities, 49 municipal public works buildings,
one significant airport and four ferry ports. Table 3b.3 shows critical infrastructure and utilities by
jurisdiction. Geographic coordinates (i.e., latitude and longitude) were used to determine the location of
each facility within each jurisdiction.
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Other Critical Facilities

There are 541 facilities which are considered non-emergency but still critical in Monmouth County,
including 402 schools and child care facilities (including camps) and 139 senior care facilities. Table
3b.4 shows these facilities by jurisdiction. Geographic coordinates (i.e., latitude and longitude) were used
to determine the location of each facility within each jurisdiction.

4

0 : 0
Jurisdiction Schools/Child Care Facilities Senior Care Facilities
Aberdeen, Township of 11 3
Allenhurst, Borough of 4 0
Allentown, Borough of 0 0
Asbury Park, City of 14 10
Atlantic Highlands, Borough of 2 1
Avon-By-The-Sea, Borough of 1 0
Belmar, Borough of 5 1
Bradley Beach, Borough of 2 0
Brielle, Borough of 1 0
Colts Neck, Township of 6 1
Deal, Borough of 5 0
Eatontown, Borough of 15 1
Englishtown, Borough of 5 1
Fair Haven, Borough of 3 0
Farmingdale, Borough of 0
Freehold, Borough of 6 6
Freehold, Township of 23 8
Hazlet, Township of 16 5
Highlands, Borough of 4 1
Holmdel, Township of 10 6
Howell, Township of 28 6
Interlaken, Borough of 0 0
Keansburg, Borough of 4 5
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Table 3b.4
Other Critical Facilities by Jurisdicti
Jurisdiction Schools/Child Care Facilities Senior Care Facilities

Keyport, Borough of 4 3
Lake Como, Borough of 1 12
Little Silver, Borough of 5 0
Loch Arbour, Village of 0 0
Long Branch, City of 20 0
Manalapan, Township of 20 4
Manasquan, Borough of 7 1
Marlboro, Township of 25 5
Matawan, Borough of 5 2
Middletown, Township of 39 12
Millstone, Township of 8 1
Monmouth Beach, Borough of 1 0
Neptune City, Borough of 1 2
Neptune, Township of 15 4
Ocean, Township of 12 3
Oceanport, Borough of 2 1
Red Bank, Borough of 7 6
Roosevelt, Borough of 1 0
Rumson, Borough of 6 0
Sea Bright, Borough of 0 0
Sea Girt, Borough of 1 0
Shrewsbury, Borough of 3 3
Shrewsbury, Township of 0 2
Spring Lake, Borough of 4 0
Spring Lake Heights, Borough of 2 0
Tinton Falls, Borough of 15 6
Union Beach, Borough of 1 0
Upper Freehold, Township of 2 0
Wall, Township of 23 9
West Long Branch, Borough of 6 1

Total 402 139

Sources: HAZUS-MH, Monmouth County Office of GIS

Historic and Cultural Resources

There are 103 georeferenced historic properties and sites/districts in Monmouth County which are
included in the New Jersey or National Registers of Historic Places, or that have been determined eligible
for inclusion through Federal or state processes as administered by the New Jersey Historic Preservation
Office (HPO). These properties are listed in Table 3b.5, along with other properties considered to be of
historic and/or cultural significance that have been identified by the individual jurisdictions. The data
does not preclude the existence of other historic properties or sites not within this category or as yet to be
identified. Further, HPO is still in the process of building the GIS database of historic and cultural
resource properties and this data represents only a portion of the total number of properties.
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Table 3b.5
ventory of Historic Properties
Property Name Location Jurisdiction

Allenhurst Railroad Station Main Street Allenhurst Borough
Allenhurst Residential Historic District (historic district) Allenhurst Borough
Allentown Historic District (historic district) Allentown Borough
Allentown Mill 42 South Main Street Allentown Borough
Asbury Park Convention Hall Ocean Avenue Asbury Park City
Asbury Park Post Office 801 Bangs Avenue Asbury Park City
George Wurt's Summer Home 306 Eighth Avenue Asbury Park City
Mayfair Theatre [Demolished] Lake Avenue and Saint James Place Asbury Park City
Palace Amusements Building [Demolished] 201-207 Lake Avenue Asbury Park City
Steinbach/Cookman Building Cookman Avenue Asbury Park City
Winsor Building 400-420 Main Street Asbury Park City
Bradley Beach Railroad Station East of Memorial Parkway between Bradley Beach Borough

LaReine and Brimley avenues
Brielle Road Bridge over the Glimmer Glass Brielle Road over Glimmer Glass Brielle Borough
(S.I. & A. #13000W9)
Probasco-Dittmar Homestead 61 Bucks Mill Road Colts Neck Township
St. James Memorial Episcopal Church 69 Broad Street Eatontown Borough
Village Inn (Davis Tavern) 13 Main Street Englishtown Borough
Fisk Chapel 25 Cedar Avenue Fair Haven Borough
Court Street School Court Street at Holmes Terrace Freehold Borough
General Clinton's Headquarters 150 West Main Street Freehold Borough
George Taylor House 74 Broadway Freehold Borough
St. Peter's Episcopal Church 31 Throckmorton Street Freehold Borough
Walker-Combs-Hartshorne House 189 Wemrock Road Freehold Township
Fort Hancock Life Saving Station Gateway National Recreation Area Gateway National Recreation

Area
Fort Hancock and Sandy Hook Proving Ground | Gateway National Recreation Area Gateway National Recreation
Historic District Area
Sandy Hook Lighthouse Sandy Hook Gateway National Recreation
Area

Twin Lights (Navesink Lighthouse) Lighthouse Road Highlands Borough
Dr. Robert W. Cooke Medical Office 67 McCampbell Road Holmdel Township
Holmdel Dutch Reformed Church 41 Main Street Holmdel Township
Holmes-Hendrickson House Longstreet Road, adjacent to Holmdel Holmdel Township

Park
Horn Antenna Off Garden State Parkway in Crawford | Holmdel Township

Hill Facility
Kovenhoven House Schank Road, east of NJ Route 34 Holmdel Township
Longstreet Farm Longstreet Road at Roberts Road Holmdel Township
Upper Meeting House of the Baptist Church of | 40 Main Street Holmdel Township
Middletown (Holmdel Community Church)
Little Silver Railroad Station Sycamore and Oceanport avenues Little Silver Borough
Parker Farm 235 Rumson Road Little Silver Borough
St. John's Episcopal Church Little Silver Point Road Little Silver Borough
364 Cedar Avenue 364 Cedar Avenue Long Branch City
Church of the Presidents (St. James Church) 1260 Ocean Avenue Long Branch City
Elberon Railroad Station Lincoln Avenue Long Branch City
Long Branch Post Office 60 Third Avenue Long Branch City
North Long Branch School (Primary No. 3; 469 Church Street Long Branch City
Church Street School)
Anderson House [Demolished] Route 33 Manalapan Township
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Table 3b.5
ventory of Historic Properties
Property Name Location Jurisdiction
Freehold & Jamesburg Agricultural Railroad (historic district) Manalapan Township
Historic District
Monmouth Battlefield Historic District (historic district) Manalapan Township
Brielle Road Bridge over the Glimmer Glass Brielle Road over Glimmer Glass Manasquan Borough
(S.I. & A. #13000W9)
Squan Beach Life-Saving Station #9 124 Ocean Avenue Manasquan Borough
Old Kentucky Pleasant Valley Road Marlboro Township
Old Scots Burying Ground Gordon's Corner Road Marlboro Township
Major John Burrowes Mansion 94 Main Street Matawan Borough
Matawan Railroad Station Between Main and Atlantic avenues Matawan Borough
All Saints Memorial Church Complex Navesink, Stone Church Corner, Middletown Township
Navesink Avenue and Locust Road
Bowne House Leonard Avenue Middletown Township
Christ Episcopal Church 92 Kings Highway Middletown Township
Grover House 940 West Front Street Middletown Township
Middletown Village Historic District (historic district) Middletown Township
Navesink Historic District (historic district) Middletown Township
Seabrook-Wilson House (Spy House) 119 Port Monmouth Road Middletown Township
Throckmorton Farm Poricy Park, Oak Hill Road Middletown Township
Union Schoolhouse/School Number Nine Middletown-Lincroft Road and Dwight | Middletown Township
Road
Water Witch (historic district) Middletown Township
Water Witch Club Casino Corner of East Twin Road and West Middletown Township
Twin Road
Clarksburg Methodist Episcopal Church 512 Stagecoach Road (County Route Millstone Township
524
Clarksburg School 524)Stagecoach Road (County Route Millstone Township
524
U.S. Life-Saving Station #4 Sea():rest Road and Ocean Avenue Monmouth Beach Borough
Ocean Grove Camp Meeting Association (historic district) Neptune Township
Historic District
Anthony Reckless Estate 164 Broad Street Red Bank Borough
Monmouth Boat Club Union Street Red Bank Borough
North Shrewsbury Ice Boat and Yacht Club 9 Union Street Red Bank Borough
Red Bank Passenger Station Bridge and Monmouth streets Red Bank Borough
River Street School 60 River Street Red Bank Borough
Robert White House 20 South Street Red Bank Borough
Shrewsbury Township Hall 51 Monmouth Street Red Bank Borough
T. Thomas Fortune House 94 West Bergen Place Red Bank Borough
Jersey Homesteads Historic District (historic district) Roosevelt Borough
First Presbyterian Church of Oceanic East River Road at Park Avenue Rumson Borough
Lauriston 91 Rumson Road Rumson Borough
Saint George's-by-the River Episcopal Church | 7 Lincoln Avenue Rumson Borough
Seabright Lawn Tennis & Cricket Club Rumson Road at Tennis Court Lane Rumson Borough
Allen House Broad Street and Sycamore Avenue Shrewsbury Borough
Christ Church, Shrewsbury Broad Street and Sycamore Avenue Shrewsbury Borough
Shrewsbury Historic District (historic district) Shrewsbury Borough
Wardell House 419 Sycamore Avenue Shrewsbury Borough
Audenried Cottage (Normandy Inn) 21 Tuttle Avenue Spring Lake Borough
Frederick A. Duggan Memorial First Aid and 311 Washington Avenue Spring Lake Borough
Emergency Squad Building (Spring Lake First
Aid & Emergency Squad Building)
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Table 3b.5
ventory of Historic Properties
Property Name Location Jurisdiction
Holy Trinity Episcopal Church Monmouth and Third Aves Spring Lake Borough
Martin Maloney Cottage 101 Morris Avenue Spring Lake Borough
Old Mill at Tinton Falls 1205 Sycamore Avenue Spring Lake Borough
Tinton Falls Historic District (historic district) Tinton Falls Borough

Arneytown Historic District

(historic district)

Upper Freehold Township

Coward-Hendrickson House Burlington Path Road Upper Freehold Township
Coward-Smith House Burlington Path Road Upper Freehold Township
Imlaystown Historic District (historic district) Upper Freehold Township
Merino Hill House and Farm Allentown-Clarksburg Road (County Upper Freehold Township

Route 524)

Salter's Mill

Imlaystown-Davis Station Road

Upper Freehold Township

Upper Freehold Baptist Meeting (Old Yellow

Yellow Meetinghouse and Red Valley

Upper Freehold Township

Meetinghouse) roads

Walnford Historic District (historic district) Upper Freehold Township
Allgor-Barkalow Homestead New Bedford Road Wall Township

Camp Evans Historic District (historic district) Wall Township

Manasquan Friends Meetinghouse NJ Route 35 at Manasquan Circle Wall Township

Marconi Building Marconi Road Wall Township

Project Diana Site Not provided Wall Township
MacGregor-Tallman House 407 Monmouth Road West Long Branch Borough

Murry Guggenheim Mansion

Cedar and Norwood Avenues

West Long Branch Borough

Shadow Lawn

Cedar and Norwood Avenues

West Long Branch Borough

Source: New Jersey Historic Preservation Office

Population

The Census Bureau estimates that the population of Monmouth County in 2010 was 630,380 persons,
comprising 233,983 households. Table 3b.6 shows population and household counts by jurisdiction.

Table 3b.6
Population and Households by Jurisdiction (2010 Census)
Population Households
Jurisdiction Count % 0{‘ ft(;;mty o % 0{‘ ftg;mty
Aberdeen, Township of 18,210 2.89% 6,876 2.94%
Allenhurst, Borough of 496 0.08% 217 0.09%
Allentown, Borough of 1,828 0.29% 704 0.30%
Asbury Park, City of 16,116 2.56% 6,725 2.87%
Atlantic Highlands, Borough of 4,385 0.70% 1,870 0.80%
Avon-by-the-Sea, Borough of 1,901 0.30% 901 0.39%
Belmar, Borough of 5,794 0.92% 2,695 1.15%
Bradley Beach, Borough of 4,298 0.68% 2,098 0.90%
Brielle, Borough of 4,774 0.76% 1,805 0.77%
Colts Neck, Township of 10,142 1.61% 3,277 1.40%
Deal, Borough of 750 0.12% 333 0.14%
Eatontown, Borough of 12,709 2.02% 5,319 2.27%
Englishtown, Borough of 1,847 0.29% 621 0.27%
Fair Haven, Borough of 6,121 0.97% 1,970 0.84%
Farmingdale, Borough of 1,329 0.21% 547 0.23%
Freehold, Borough of 12,052 1.91% 4,006 1.71%
Page 3b-11
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Table 3b.6
d Households by Jurisdiction (2010 Census)
Population Households
Jurisdiction Count % 0{: ftg;mty o % 0{: ftg;mty

Freehold, Township of 36,184 5.74% 12,577 5.38%
Hazlet, Township of 20,334 3.23% 7,140 3.05%
Highlands, Borough of 5,005 0.79% 2,623 1.12%
Holmdel, Township of 16,773 2.66% 5,584 2.39%
Howell, Township of 51,075 8.10% 17,260 7.38%
Interlaken, Borough of 820 0.13% 361 0.15%
Keansburg, Borough of 10,105 1.60% 3,805 1.63%
Keyport, Borough of 7,240 1.15% 3,067 1.31%
Lake Como, Borough of 1,759 0.28% 785 0.34%
Little Silver, Borough of 5,950 0.94% 2,146 0.92%
Loch Arbour, Village of 194 0.03% 82 0.04%
Long Branch, City of 30,719 4.87% 11,753 5.02%
Manalapan, Township of 38,872 6.17% 13,263 5.67%
Manasquan, Borough of 5,897 0.94% 2,374 1.01%
Marlboro, Township of 40,191 6.38% 13,001 5.56%
Matawan, Borough of 8,810 1.40% 3,358 1.44%
Middletown, Township of 66,522 10.55% 23,962 10.24%
Millstone, Township of 10,566 1.68% 3,301 1.41%
Monmouth Beach, Borough of 3,279 0.52% 1,494 0.64%
Neptune City, Borough of 4,869 0.77% 2,133 0.91%
Neptune, Township of 27,935 4.43% 11,201 4.79%
Ocean, Township of 27,291 4.33% 10,611 4.53%
Oceanport, Borough of 5,832 0.93% 2,227 0.95%
Red Bank, Borough of 12,206 1.94% 4,929 2.11%
Roosevelt, Borough of 382 0.14% 314 0.13%
Rumson, Borough of 7,122 1.13% 2,344 1.00%
Sea Bright, Borough of 1,412 0.22% 792 0.34%
Sea Girt, Borough of 1,828 0.29% 823 0.35%
Shrewsbury, Borough of 3,309 0.60% 1,261 0.54%
Shrewsbury, Township of 1,141 0.18% 583 0.25%
Spring Lake, Borough of 2,993 0.47% 1,253 0.54%
Spring Lake Heights, Borough of 4,713 0.75% 2,316 0.99%
Tinton Falls, Borough of 17,892 2.84% 8,355 3.57%
Union Beach, Borough of 6,245 0.99% 2,143 0.92%
Upper Freehold, Township of 6,902 1.09% 2,363 1.01%
Wall, Township of 26,164 4.15% 10,051 4.30%
West Long Branch, Borough of 8,097 1.28% 2,384 1.02%

Total 630,380 100.00% 233,983 100.00%

Source: U.S. Census Bureau

According to the 2010 Census, the median age in Monmouth County is 41.3 years (up from 37.7 years in
2000) and the average household size is 2.7 persons. In terms of population segments that may potentially
be at higher risk in general, 5.5 percent of the total population is under the age of five (a total of 34,755
persons) and 13.8 percent is age 65 years and over (a total of 86,691 persons). Approximately 14 percent
of households have incomes of less than $25,000 (32,826 households), and about 9 percent of persons age
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five and up hold disability status. Census data indicates that the population is growing and skewing older,
with a rise in median age and number of older persons while numbers of young children and disabled
individuals are decreasing. Notably, the population in the 45-64 year age group increased from 24.1% to
30.6% between 2000 and 2010. Figure 3b.1 illustrates the residential population density across
Monmouth County. Most of the county’s population is located along or near coastal areas. There is also
development along major thoroughfares including Route 33 and Route 9. Areas in the western portion of
the county are less populated and include agricultural lands and undeveloped park lands.
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Figure 3b.1
Monmouth County Population Density
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SECTION 3C - Damage Estimates

Methodology

This multi-jurisdictional vulnerability assessment was conducted with two distinct methodologies, utilizing
GIS-based analysis and a statistical risk assessment methodology. Each approach provides estimates for
the potential impact of hazards by using a common, systematic framework for evaluation, including
historical occurrence information provided in the Hazard Profiles section. The results of the multi-
jurisdictional vulnerability assessment are provided for each hazard immediately following the summary of
information provided through the hazard identification and analysis, as listed above.

A GIS-based analysis was conducted for 10 hazards:
0 hurricane and tropical storm;

nor’easter;

coastal erosion;

dam failure;

flood;

storm surge;

wave action;

earthquake;

landslide; and

wildfire.

O O0OO0O0OO0O0O0OO0O0

A statistical risk assessment approach was used to analyze six hazards:
extreme temperatures;

extreme wind;

lightning;

tornado;

winter storm; and

drought.

(@]

O O O0OO0Oo

Below is a brief description of these approaches.

GIS-Based Analysis

For GIS-based assessment, digital data was collected from local, state and national sources. ESRI®
ArcGIS™ 9.3 was used to assess risk utilizing digital data including local tax records for individual parcels
and georeferenced point locations for buildings and critical facilities. Using these data layers, risk was
assessed by estimating the assessed building value for buildings determined to be located in identified
hazard areas. For the plan update, population estimates were refined using Census 2010 block level data
where the population and value of improved property exposed were estimated to be proportional to the area
exposed; and the value of exposed property was refined using updated (2012) improvement values.
HAZUS-MH was used to model hurricane winds, riverine flood, storm surge, nor’easter winds and
earthquakes and estimate potential losses for these hazards. The objective of the GIS-based analysis was to
determine the estimated vulnerability of people, buildings and critical facilities to the identified hazards for
Monmouth County using best available geospatial data. In so doing, local databases made available through
Monmouth County such as local tax assessor records, parcel boundaries, building footprints and critical
facilities data, were used in combination with digital hazard data as included and described in the Hazard
Profiles section. Where only a portion of a parcel was found to lie within a given hazard area, the ratio of
area in to area out of the hazard area was applied to the value of improvements on the parcel to estimate the
dollars exposed. A similar process was undertaken to estimate population exposed, where the percentage of
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census block in the hazard area was applied to total census block population to estimate the population
exposed to the hazard. The results of the analysis provided an estimated number of people, as well as the
numbers and values of buildings and critical facilities determined to be potentially at risk to those hazards
with delineable geographic hazard boundaries. These hazards included the flood, storm surge, wave action,
coastal erosion, landslide, dam failure and wildfire hazards. A more specific description of the GIS-based
analysis for each particular hazard is provided under the vulnerability assessment section of each respective
hazard.

HAZUS-MH is FEMA'’s standardized loss estimation software program built upon an integrated GIS
platform (Figure 3c.1) to conduct analysis at a regional level (i.e., not on a structure-by-structure basis).
The HAZUS-MH risk assessment methodology is parametric, in that distinct hazard and inventory
parameters (i.e., wind speed and building types) were modeled using the HAZUS-MH software to
determine the impact (i.e., damages and losses) on the built environment. This risk assessment applied
HAZUS-MH to produce countywide profiles and estimate losses for five hazards at the jurisdictional level.
At the time initial analyses were completed for the 2009 Plan, HAZUS-MH MR-3 (September 2007) was
used to estimate potential losses from hurricane winds, riverine flood, storm surge, nor’easter winds, and
carthquake. For this 2014 Plan Update, analyses were re-run using the most recent HAZUS-MH 2.1 SP3
(Version 2.1 released in 2012, and Service Pack 3 released in 2014). Furthermore, HAZUS Level 1 analyses
were conducted for the 2009 version of the plan. A Level 1 analysis yields a rough estimate based on the
nationwide database and is a great way to begin the risk assessment process and prioritize high-risk
communities.” In contrast, the Level 2 analysis type used for the 2014 Plan Update produces more accurate
loss estimates by including detailed information on local hazard conditions and/or by replacing the national
default inventories with more accurate local inventories of buildings, essential facilities and other
infrastructure.

Figure 3c.1
Conceptual Model of HAZUS-MH Methodology
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The results of the HAZUS-MH model analysis include annualized loss estimates for each jurisdiction so
that potential loss values may be compared to one another throughout Monmouth County. In generating loss
estimates through HAZUS-MH, some data normalization was necessary to account for recognized
differences between actual assessed building values as provided by Monmouth County and estimated
replacement building value data as provided within HAZUS-MH. In order to account for the difference
between modeled and actual values, the ratio of estimated losses produced by HAZUS-MH as compared to
total HAZUS-MH building inventory was used to estimate percent damage. The percent damage ratio was
then applied to the local assessed values of each jurisdiction to estimate potential losses and loss ratios in
Monmouth County for this analysis.
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Statistical Risk Assessment Methodology

A statistical risk assessment methodology was applied to analyze hazards of concern that were outside the
scope of HAZUS-MH and the GIS-based risk assessment. This methodology uses a statistical approach and
mathematical modeling of risk to predict a hazard’s frequency of occurrence and estimated impacts based
on recorded or historic damage information (presented in the Hazard Profiles section). This methodology
was used to assess risk to the extreme temperatures, lightning, tornado, and drought hazards. Historical data
for each hazard as described in the Hazard Profiles section was used and statistical evaluations were
performed using manual calculations. The general steps used in the statistical risk assessment methodology
are summarized below:

1. Compile data from local, state and national sources, as well as literature;

2. Clean up data, including removal of duplicate records and update losses to account for
inflation;

3. Identify patterns in frequency, intensity, vulnerability and loss
Statistically and probabilistically extrapolate the patterns’; and

5. Produce meaningful results, including the development of annualized loss estimates.

Figure 3c.2 illustrates a conceptual model of the statistical risk assessment methodology as applied to
Monmouth County.

Figure 3c.2

Conceptual Model of the Statistical Risk Assessment Methodology
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In cases where historical events/losses were recorded for the county as a whole, losses were averaged across all jurisdictions in order to estimate
losses by jurisdiction and calculate potential annualized losses by jurisdiction.
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Risk (vulnerability) is presented in terms of potential annualized losses, whenever possible. In general,
presenting results in the annualized form is useful in three ways:

1. This approach accounts for the contribution of potential losses from all future disasters;
2. Annualized results for different hazards are readily comparable, thus easier to rank; and

3. The use of annualized losses is the most objective approach for evaluating mitigation
alternatives.

Annualized losses for the hazards where the parametric approach was utilized were computed in a three-
step process:
1. Compute/estimate losses for a number of scenario events with different return periods (i.e., 10-
year, 100-year, 200-year, 500-year, etc.);

2. Approximate the Probability versus Loss Curve through curve fitting; and

3. Calculate the area under the fitted curve to obtain annualized losses.

This approach is illustrated graphically in Figure 3c.3. For other hazards where the statistical approach was
used, the computations are based primarily on the observed historical losses.

Figure 3c.3

Graphical Representation of the Annualized Loss Methodology
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The economic loss results are presented here using two interrelated risk indicators: Annualized Loss and
Annualized Loss Ratio. The Annualized Loss is the estimated long-term weighted average value of losses to
property in any single year in a specified geographic area (i.e., municipal jurisdiction). The Annualized
Loss Ratio expresses estimated annualized loss normalized by assessed building value. The estimated
Annualized Loss (AL) addresses the key idea of risk: the probability of the loss occurring in the study area
(largely a function of building construction type and quality). By annualizing estimated losses, the AL
factors in historic patterns of frequent smaller events with infrequent but larger events to provide a balanced
presentation of the risk. The Annualized Loss Ratio (ALR) represents the AL as a fraction of the assessed
value of the local inventory. This ratio is calculated using the following formula:

ALR = Annualized Losses / Total Exposure
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The ALR gauges the relationship between average annualized loss and assessed values. This ratio can be
used as a measure of vulnerability in the areas and, since it is normalized by assessed value, it can be
directly compared across different geographic units such as metropolitan areas, counties or municipalities.

Loss estimates provided in this vulnerability assessment are based on best available data, and the
methodologies applied result in an approximation of risk. These estimates should be used to understand
relative risk from hazards and potential losses. Uncertainties are inherent in any loss estimation
methodology, arising in part from incomplete scientific knowledge concerning natural hazards and their
effects on the built environment. Uncertainties also result from approximations and simplifications that are
necessary for a comprehensive analysis (i.e., incomplete inventories, demographics or economic
parameters).

All conclusions are presented in “Conclusions on Hazard Risk™ at the end of this section. Findings for each
hazard are detailed in the hazard-by-hazard vulnerability assessment that follows.

Extreme Temperatures
Impacts - Extreme Temperatures

Extreme temperatures are primarily a threat to human life and health, though they are also hazardous to
livestock and agricultural crops and occasionally might threaten property and infrastructure, and disrupt
transportation systems. They can also exacerbate the impact of other hazards such as severe weather events
that cause widespread power outages. Emergency responders are often called upon to work with public
officials/non-profit agencies for heating/cooling venues, and to transport vulnerable sectors of the population
to such venues.

Extreme temperatures are likely to result in relatively minor impacts in Monmouth County, with very few
injuries (if any), minor and sporadic property damage, and minimal disruption on quality of life. Temporary
shutdown of critical facilities to reduce energy usage or due to the fact that employees may not be able to get
to the facility is possible. Common impacts associated with extreme heat in Monmouth County include:
injuries associated with swimming to escape extreme heat, and individuals seeking medical treatment for
heat related illness (i.e., for heat stress, exhaustion, heat stroke, etc.), and power outages from an associated
strain on electrical networks. Cooling centers are typically opened, and schools altering class schedules
and/or activities to ensure student safety. Extreme heat events typically impact the elderly and disadvantaged
most heavily. Primary impacts of concern for extreme cold temperatures include the life-threatening effects
of overexposure hypothermia on people, particularly the elderly and disadvantaged. Other significant
impacts include strains on livestock and agriculture.

Exposure and Damage Estimates — Extreme Temperatures

While all of Monmouth County is exposed to extreme temperatures, existing buildings, infrastructure, and
critical facilities are not considered vulnerable to significant damage caused by extreme heat or cold events.
Damages can occur when thermal tolerances of various systems are exceeded. Extreme cold can cause
thermal cracking of paved surfaces, and freezing of pipes. Extreme heat can cause softening and traffic-
related rutting of paved surfaces; and buckling of railway tracks. Extreme temperatures can place greater
demand on utility systems, with possible associated power outages. While losses could be high for particular
events, and could result in increased maintenance costs over time with frequent occurrences, average annual
property losses associated with extreme temperatures are anticipated to be minimal across the planning area.
Extreme temperatures do however present a significant life and safety threat to Monmouth County’s
population.
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Heat casualties are usually caused by lack of adequate air conditioning or heat exhaustion. The most
vulnerable population to heat casualties are the elderly or infirmed, who frequently live on low fixed
incomes and cannot afford to run air-conditioning on a regular basis. This population is sometimes isolated,
with no immediate family or friends to look out for their well-being. Casualties resulting from extreme cold
may result from a lack of adequate heat, carbon monoxide poisoning from unsafe heat sources and frostbite.
The most vulnerable populations to cold casualties are the elderly or infirmed and low income households, as
they may not be able to afford to operate a heat source on a regular basis and may not have immediate family
or friends to look out for their well-being.

Given the lack of historical data and limited likelihood for structural losses resulting from extreme heat or
cold occurrences in Monmouth County, annualizing potential structural losses over a long period of time
would most likely yield a negligible annualized loss estimate for the entire county.

Extreme Wind
Impacts - Extreme Wind

Impacts associated with extreme wind in Monmouth County can be critical. Multiple deaths/injuries are
possible, large portions of property in the affected area can be damaged or destroyed (depending on the
nature of the event), and a complete shutdown of critical facilities for more than one week could all be
possible, depending on the type of wind event and the nature of the event.

Some extreme wind events can be forecasted; others are completely unpredictable. Emergency responders
are called up for evacuations, road closures, and attending to the injured. Flying debris, in extreme wind
events, can cause secondary impacts. Trees can be downed, buildings can be damaged. High winds can
directly damage private property as well as roads and bridges, schools, hospitals, and other types of critical
facilities and utilities and communications facilities. In addition, impaired access to these facilities during
extreme wind events can cause secondary, indirect damages.

Extreme winds may stem from other hazards, including hurricanes and tropical storms, nor’easter, and
tornadoes; however, only reported extreme wind events not related to other hazards are considered in this
analysis. Vulnerability to winds from hurricanes and tropical storms, nor’easter, and tornadoes are addressed
individually in other sections.

Exposure and Damage Estimates — Extreme Wind

Because it cannot be predicted where extreme winds may occur, all existing and future buildings, facilities
and populations are considered to be exposed to this hazard and could potentially be impacted. It is important
to note that only reported extreme wind occurrences have been factored into this vulnerability assessment*.
For the 2014 plan update, NCDC historical extreme wind loss data current as of September 2014 includes a
total of 238 days with high wind, thunderstorm wind, and strong wind events between October 1968 and
May 2014 (not including Hurricane Sandy). Of these, there are 51 event records in the database through and
including the year 1999, and 333 event records from 2000 to 2014; and all event records prior to the year
2000 include $0 in damages — presumably due to database limitations as opposed to decades of non-
damaging wind events. Therefore, to estimate jurisdictional losses due to extreme wind, expected annualized
losses were calculated for the 14.5 year period of record between January 2000 and May 2014:

It is possible that additional extreme wind events may have occurred since 1950 that were not reported to NCDC and are not accounted for in
this analysis.
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* NCDC losses were obtained for the entire county ($19,168,995 total; using a 14.5 year period of
record, this yields expected annualized losses of $1,322,000).

*  NCDC event records included specific loss histories in 11 jurisdictions totaling $3,001,000; and
$16,167,995 for all other events countywide.

» Expected annualized losses of $1,322,000 were divided by 53 jurisdictions to get an average per
community number of $24,943.

» Jurisdiction specific loss histories were greater than this average number for 3 jurisdictions, and
less than this average number for 8 jurisdictions. Annual losses were reported as is for the 3
jurisdictions with actual loss histories greater than the average; the annual losses for these 3
jurisdictions combined ($172,414) was deducted from the total annual losses ($1,322,000) to get
an average annual loss for distribution across the remaining 50 communities ($1,322,000-
$172,414=$1,149,586/50=$22,922 average annual losses for the 50 communities for which
specific jurisdictional data was either not available or was found to be less than the overall
$24,943 average).

Table 3c.1 shows potential annualized property losses and percent loss ratio resulting from extreme wind
for each jurisdiction in Monmouth County based on historic occurrences as reported by NCDC. For the plan
update, population estimates were refined using Census 2010 block level data, and annualized expected
property losses were based on updated (2012) improvement values.

Table 3c.1
ial Annualized Losses from Extreme Wind by Jurisdiction
Estimated Total Assessed Value . Annualized
o Ty 5 Annualized Expected
Jurisdiction Popula.tlon At of Im]{ro.vements Property Losses Percent. Loss
Risk (Buildings)* Ratio
Aberdeen, Township of 18,210 $1,057,910,200 $22,992 0.00%
Allenhurst, Borough of 496 $163,629,600 $22,992 0.01%
Allentown, Borough of 1,828 $128,744,000 $22,992 0.02%
Asbury Park, City of 16,116 $822,648,930 $22,992 0.00%
Atlantic Highlands, Borough of 4,385 $251,833,600 $22,992 0.01%
Avon-by-the-Sea, Borough of 1,901 $346,002,100 $22,992 0.01%
Belmar, Borough of 5,794 $507,354,100 $34,483 0.01%
Bradley Beach, Borough of 4,298 $402,974,400 $22,992 0.01%
Brielle, Borough of 4,774 $490,439,800 $22,992 0.00%
Colts Neck, Township of 10,142 $1,679,133,600 $22,992 0.00%
Deal, Borough of 750 $511,562,800 $22,992 0.00%
Eatontown, Borough of 12,709 $1,158,392,100 $22,992 0.00%
Englishtown, Borough of 1,847 $125,736,600 $22,992 0.02%
Fair Haven, Borough of 6,121 $589,631,200 $22,992 0.00%
Farmingdale, Borough of 1,329 $112,597,500 $22,992 0.02%
Freehold, Borough of 12,052 $636,156,950 $68,966 0.01%
Freehold, Township of 36,184 $3,944,416,100 $22,992 0.00%
Hazlet, Township of 20,334 $1,212,072,900 $22,992 0.00%
Highlands, Borough of 5,005 $282,777,500 $22,992 0.01%
Holmdel, Township of 16,773 $2,086,402,399 $22,992 0.00%
Howell, Township of 51,075 $3,182,248,300 $22,992 0.00%
Interlaken, Borough of 820 $91,685,800 $22,992 0.03%
Keansburg, Borough of 10,105 $349,667,700 $22,992 0.01%
Keyport, Borough of 7,240 $422,424,400 $22,992 0.01%
Lake Como, Borough of 1,759 $155,708,700 $22,992 0.01%
Little Silver, Borough of 5,950 $747,827,900 $22,992 0.00%
Loch Arbour, Village of 194 $39,039,500 $22,992 0.06%
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Table 3c.1
Potential Annualized Losses from Extreme Wind by Jurisdiction
Estimated Total Assessed Value . Annualized
o Ty 5 Annualized Expected
Jurisdiction Popula.tlon At of Im]{ro.vements Property Losses Percent. Loss
Risk (Buildings)* Ratio

Long Branch, City of 30,719 $2,345,429,800 $22,992 0.00%
Manalapan, Township of 38,872 $3,793,581,500 $22,992 0.00%
Manasquan, Borough of 5,897 $723,654,300 $22,992 0.00%
Marlboro, Township of 40,191 $3,947,148,000 $68,966 0.00%
Matawan, Borough of 8,810 $501,846,200 $22,992 0.00%
Middletown, Township of 66,522 $4,980,350,600 $22,992 0.00%
Millstone, Township of 10,566 $994,523,937 $22,992 0.00%
Monmouth Beach, Borough of 3,279 $452,626,900 $22,992 0.01%
Neptune City, Borough of 4,869 $240,091,400 $22,992 0.01%
Neptune, Township of 27,935 $1,522,988,600 $22,992 0.00%
Ocean, Township of 27,291 $2,086,610,750 $22,992 0.00%
Oceanport, Borough of 5,832 $518,615,000 $22,992 0.00%
Red Bank, Borough of 12,206 $1,186,117,471 $22,992 0.00%
Roosevelt, Borough of 882 $40,634,100 $22,992 0.06%
Rumson, Borough of 7,122 $1,411,914,600 $22,992 0.00%
Sea Bright, Borough of 1,412 $238,003,600 $22,992 0.01%
Sea Girt, Borough of 1,828 $469,081,700 $22,992 0.00%
Shrewsbury, Borough of 3,809 $490,447,400 $22,992 0.00%
Shrewsbury, Township of 1,141 $26,891,400 $22,992 0.09%
Spring Lake, Borough of 2,993 $1,047,534,400 $22,992 0.00%
Spring Lake Heights, Borough of 4,713 $454,145,300 $22,992 0.01%
Tinton Falls, Borough of 17,892 $2,014,827,700 $22,992 0.00%
Union Beach, Borough of 6,245 $255,879,500 $22,992 0.01%
Upper Freehold, Township of 6,902 $810,887,400 $22,992 0.00%
Wall, Township of 26,164 $2,302,913,200 $22,992 0.00%
West Long Branch, Borough of 8,097 $785,971,500 $22,992 0.00%

Total 630,380 $55,141,734,937 $1,322,000 0.002%

*Exposure calculated by GIS Analysis using local assessed values

Hurricane and Tropical Storm

Impacts - Hurricanes and Tropical Storms

Hurricanes and tropical storms are capable of producing catastrophic impacts. A high number of deaths and/or
injuries are possible, more than 50 percent of property in the affected area could be damaged or destroyed,
and a complete shutdown of critical facilities would be possible for 30 days or more, depending on the nature
of the event.

Historical records indicate that 11 hurricanes and 25 tropical storms have come within 75 miles of Monmouth
County between 1851 and 2012. Recent events have caused significant wind, flood and coastal erosion related
damages in Monmouth County.

Coastal arecas of Monmouth County are particularly dynamic environments, and are quite susceptible to
hazards associated with hurricanes and tropical storms. These susceptibilities are expected to increase over
time due to the effects of sea level rise. Impacts of hurricanes and tropical storms are associated with damages
as a result of flooding (riverine and coastal (back bay and oceanfront), as well as storm surge), high winds,
damaging waves, and coastal erosion. It is possible for the entire county to be impacted by hurricanes and
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tropical storms, though in different ways. For example, wind impacts may be widespread but more severe in
immediate coastal areas. Structures closest to the Atlantic Coast could suffer catastrophic damages from wind,
surge, waves and beach erosion while impacts inland structures would be less substantial due to lower wind
speeds and absence of surge impacts. Riverine flooding would be limited to riverine flood zones and being of
slower velocities in most cases would cause less severe types of structure damages. Roads and bridges across
the county would be susceptible to overtopping and damage from floodwaters. Beach erosion can often be
severe during hurricanes and tropical storms; though beach restoration and maintenance activities are
undertaken regularly to offset storm impacts. The Long Branch - Manasquan Project, between Sandy Hook
and Manasquan Inlet, is one of the largest beach construction projects completed in the US with over 25
million cubic yards of sand placed on 25 miles of beaches.

Monmouth County is a tourist destination. With summer being the peak vacation time, coincident with
hurricane season, the potential population at risk is at its peak during the time of year when Monmouth
County is most likely to be impacted by a hurricane or tropical storm. Impacts to the general public include
evacuation and sheltering needs, as well as emergency response for those who shelter in place or are injured
during the event. All property types are impacted, with residential and commercial impacts being greatest due
to their proximity to the coast. Roads, bridges, schools, hospitals and other types of critical facilities are
susceptible to wind and water damage. Secondary impacts would be associated with flying debris, as well as
drifting sand from storm surges. Sand covered roads and bridges would be common impacts. Beach erosion
can be catastrophic depending on the particular area and the nature of the event. Transportation,
communications, and governmental services may be severely impacted. Impacts would be exacerbated when
coincident with high tides, or during prolonged types of events that extend across several tidal cycles. Sea
level rise will increase impacts over time.

Table 3a.5 describes the damage that could be expected for each category of hurricane. Damage during
hurricanes might also result from spawned tornadoes, storm surge and inland flooding associated with heavy
rainfall that usually accompanies these storms.

Table 3c.2
Hurricane Damage Classifications
Storm Damage . . Photo
Category Level Description of Damages Example

No real damage to building structures. Damage primarily to
1 MINIMAL unanchored mobile homes, shrubbery and trees. Also, some coastal
flooding and minor pier damage.

Some roofing material, door and window damage. Considerable
2 MODERATE | damage to vegetation, mobile homes, etc. Flooding damages piers
and small craft in unprotected moorings might break their moorings. §

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

3 EXTENSIVE | destroyed. Flooding near the coast destroys smaller structures, with
larger structures damaged by floating debris. Terrain might be
flooded well inland.

More extensive curtainwall failures with some complete roof
4 EXTREME structure failure on small residences. Major erosion of beach areas.
Terrain might be flooded well inland.

Complete roof failure on many residences and industrial buildings.
Some complete building failures with small utility buildings blown
5 CATASTROPHIC| over or away. Flooding causes major damage to lower floors of all
structures near the shoreline. Massive evacuation of residential areas
might be required.

Source: National Oceanic and Atmospheric Administration; Federal Emergency Management Agency
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Exposure and Damage Estimates — Hurricanes and Tropical Storms

Hurricanes and tropical storms are complex combinations of discrete component hazards occurring
simultaneously. Damages during these events result from the cumulative impacts of a wide range of hazards
including flooding, storm surge, coastal erosion, wave action, and high winds. No two hurricanes or tropical
storms are identical. Even hurricanes of the same category can bring with them wildly different impacts
depending on whether they occur during a time of high tide or low tide. Variations in inland wind affects and
precipitation amounts, for example, can vary widely. Thus, it is difficult to estimate total potential losses from
these cumulative effects in a manner that would allow for the calculation of a meaningful annual ‘hurricane
and tropical storm’ average annual loss estimate. The current HAZUS-MH hurricane model only analyzes
hurricane winds and is not capable of modeling and estimating cumulative losses from all hazards
associated with hurricanes; therefore only hurricane wind losses are reported in this section. This
particular Hurricane and Tropical Storm subsection of the plan assesses vulnerability strictly with regard to
hurricane winds. Vulnerability to the component hazards of hurricane and tropical storm events such as
flooding, storm surge, coastal erosion, wave action, and high winds are addressed separately in this section.

As part of the plan update, a probabilistic scenario was created using HAZUS-MH to assess the vulnerability
of Monmouth County to hurricane winds. Default HAZUS-MH wind speed data and damage functions, and
methodology were used to determine the potential estimated losses for 50-, 100-, 200-, 500-, and 1000-year
frequency events and annual expected loss at the census tract level. Table 3c.2 shows estimated potential
losses for 50-, 100-, 200-, 500- and 1000-year hurricane wind event scenarios by jurisdiction. Table 3¢.3
shows potential annualized property losses and percent loss ratios resulting from hurricane wind by
jurisdiction as estimated using HAZUS. For the plan update, estimates were refined by using a HAZUS
Level 2 analysis; population estimates were refined using Census 2010 data; and annualized expected
property losses reflect updated (2012) improvement values.

Table 3c.2
Estimated Potential Losses from 50-, 100-, 200-, 500-, and 1000-year Hurricane Wind Events
Total Assessed Potential Total Building Losses from Hurricane Wind
o Value of 50-Year 100-Year 200-Year 500-Year 1000-Year
Jurisdiction Improvements Hurr.icane Hurr.icane Hurr:icane Hurr.icane Hurr.icane
(Buildings) Wind Wind Wind Wind Wind
Event Event Event Event Event
Aberdeen, Township of $1,057,910,200 $442,564 $1,063,522 $1,842,861 $13,141,545 $41,366,790
Allenhurst, Borough of $163,629,600 $319,168 $874,923 $2,942,728 $5,573,396 $10,636,220
Allentown, Borough of $128,744,000 $18,174 $55,265 $18,422 $4,368,481 $4,252,760
Asbury Park, City of $822,648,930 | $2,701,696 $9,418,305 | $23,990,616 $38,464,087 $59,923,049
Atlantic Highlands, Borough of $251,833,600 $335,093 $780,859 $1,502,876 $3,456,753 $12,865,024
Avon-By-The-Sea, Borough of $346,002,100 $822,913 $2,709,844 $8,512,868 $15,846,344 $26,863,403
Belmar, Borough of $507,354,100 | $1,263,903 $4,421,045 | $12,957,852 $24,740,487 $39,273,158
Bradley Beach, Borough of $402,974,400 | $1,220,777 $4,174,552 | $11,909,078 $20,191,351 $33,916,914
Brielle, Borough of $490,439,800 | $1,427,081 $4,212,749 | $11,184,055 $32,445,476 $45,408,934
Colts Neck, Township of $1,679,133,600 | $1,288,334 $2,932,832 $4,918,289 $34,939,878 $77,261,158
Deal, Borough of $511,562,800 | $1,189,486 $3,184,055 $9,893,347 $18,826,839 $38,467,876
Eatontown, Borough of $1,158,392,100 | $1,222,032 $3,731,228 $7,863,216 $22,131,067 $50,157,661
Englishtown, Borough of $125,736,600 $21,372 $54,741 $62,853 $1,997,750 $4,044,603
Fair Haven, Borough of $589,631,200 $925,983 $2,183,632 $3,987,744 $10,491,858 $35,263,327
Farmingdale, Borough of $112,597,500 $91,552 $254,849 $521,394 $3,039,849 $4,743,428
Freehold, Borough of $636,156,950 $310,786 $704,652 $920,903 $18,094,918 $33,359,914
Freehold, Township of $3,944,416,100 | $2,206,714 $4,599,533 $6,957,597 | $123,723,006 | $230,689,086
Hazlet, Township of $1,212,072,900 $725,204 $1,683,718 $2,744,793 $14,249,824 $53,888,465
Highlands, Borough of $282,777,500 $463,056 $1,285,873 $2,719,333 $5,553,849 $19,198,992
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Table 3c.2
Estimated Potential Losses from 50-, 100-, 200-, 500-, and 1000-year Hurricane Wind Events
Total Assessed Potential Total Building Losses from Hurricane Wind
o Value of 50-Year 100-Year 200-Year 500-Year 1000-Year
Jurisdiction Improvements Hurr.icane Hurr.icane Hurr:icane Hurr.icane Hurr.icane
(Buildings) Wind Wind Wind Wind Wind
Event Event Event Event Event

Holmdel, Township of $2,086,402,399 $913,498 $2,227,669 $4,264,575 $23,091,538 $76,395,685
Howell, Township of $3,182,248,300 | $4,417,348 | $10,574,866 | $16,951,620 | $146,895,196 | $228,485,304
Interlaken, Borough of $91,685,800 $211,750 $568,117 $1,555,276 $3,002,361 $5,330,582
Keansburg, Borough of $349,667,700 $285,155 $629,955 $1,307,066 $5,457,682 $21,136,953
Keyport, Borough of $422,424,400 $213,025 $466,481 $822,135 $5,974,295 $19,496,200
Lake Como, Borough of $155,708,700 $377,358 $1,183,469 $3,562,908 $7,255,281 $11,549,083
Little Silver, Borough of $747,827,900 | $1,120,046 $2,717,194 $4,827,961 $14,530,857 $42,925,272
Loch Arbour, Village of $39,039,500 $151,492 $437,268 $1,374,064 $2,501,569 $4,614,709
Long Branch, City of $2,345,429,800 | $6,605,915 | $21,606,858 | $56,214,985 $87,233,324 | $198,206,580
Manalapan, Township of $3,793,581,500 | $1,247,530 $3,055,762 $4,570,535 $82,454,845 | $178,923,483
Manasquan, Borough of $723,654,300 | $1,988,686 $6,379,541 | $18,064,245 $50,429,489 $69,274,353
Marlboro, Township of $3,947,148,000 | $1,756,206 $4,053,338 $6,444,302 $72,171,007 | $175,050,391
Matawan, Borough of $501,846,200 $160,154 $394,011 $724,624 $6,000,718 $16,587,416
Middletown, Township of $4.,980,350,600 | $4,999,227 | $12,108,909 | $21,763,378 $77,189,029 | $270,035,471
Millstone, Township of $994,523,937 $210,367 $535,566 $472,607 $30,286,592 $41,309,407
Monmouth Beach, Borough of $452,626,900 | $1,436,808 $4,708,952 | $13,288,826 $22,488,870 $61,573,638
Neptune City, Borough of $240,091,400 $625,052 $2,046,868 $5,508,112 $10,740,946 $18,511,051
Neptune, Township of $1,522,988,600 | $3.223,031 | $10,184,484 | $27,194,909 $60,240,436 | $104,744,540
Ocean, Township of $2,086,610,750 | $3,650,555 | $10,752,296 | $25,477,681 $64,365,825 | $121,819,146
Oceanport, Borough of $518,615,000 $825,894 $2,267,829 $5,073,911 $12,981,923 $34,943,953
Red Bank, Borough of $1,186,117,471 | $1,258,250 $3,670,108 $6,655,141 $24,978,540 $67,165,171
Roosevelt, Borough of $40,634,100 $1,947 $6,426 $4,958 $409,079 $551,005
Rumson, Borough of $1,411,914,600 | $2,962,983 $7,211,181 | $14,004,336 $29,840,550 | $108,159,900
Sea Bright, Borough of $238,003,600 $986,118 $2,712,553 $9,641,913 $18,926,142 $47,281,244
Sea Girt, Borough of $469,081,700 | $1,325,114 $4,050,150 | $11,622,645 $32,215,810 $44,366,069
Shrewsbury, Borough of $490,447,400 $424,995 $1,053,230 $2,003,539 $6,461,336 $19,088,761
Shrewsbury, Township of $26,891,400 $14,789 $45,978 $93,168 $275,517 $651,074
Spring Lake, Borough of $1,047,534,400 | $3,054,069 $9,407,017 | $29,368,161 $66,106,038 $96,990,124
Spring Lake Heights, Borough of]  $454,145,300 | $1,265,546 $4,000,591 | $11,531,997 $24,748,452 $33,949,675
Tinton Falls, Borough of $2,014,827,700 | $1,899,916 $5,228,907 $9,063,237 $34,976,406 $78,632,804
Union Beach, Borough of $255,879,500 $213,663 $374,385 $638,267 $3,261,265 $16,287,089
Upper Freehold, Township of $810,887,400 $242.861 $364,397 $322,186 $39,278,654 $46,185,651
Wall, Township of $2,302,913,200 | $4,874,594 | $14,012,780 | $37,151,410 | $114,520,032 | $170,085,322
West Long Branch, Borough of $785,971,500 | $1,069.888 | $2,988.661 $6,584,619 | $14,987,468 | $37,987.815

Total [$55,141,734,937 | $71,009,717 | $200,351,970 | $473,600,121 [$1,607,553,832 |$3,289,875,680

Source: HAZUS-MH

Table 3¢.3
al Annualized Losses from Hurricane Wind by Jurisdiction
Estimated Total Assessed Total Annualized Annualized
T . Value of Expected Property
Jurisdiction Population At . Percent Loss
Risk Improvements Losses — Hurricane Ratio
(Buildings) Wind
Aberdeen, Township of 18,210 $1,057,910,200 $192,253 0.02%
Allenhurst, Borough of 496 $163,629,600 $56,861 0.03%
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Table 3¢.3
al Annualized Losses from Hurricane Wind by Jurisdiction
Estimated Total Assessed Total Annualized Annualized
Jurisdiction Population At Value of Expected Property Percent Loss
Risk Impr(')ve'ments Losses — I:Iurrlcane Ratio
(Buildings) Wind
Allentown, Borough of 1,828 $128,744,000 $22,968 0.02%
Asbury Park, City of 16,116 $822,648,930 $368,033 0.04%
Atlantic Highlands, Borough of 4,385 $251,833,600 $67,219 0.03%
Avon-By-The-Sea, Borough of 1,901 $346,002,100 $137,873 0.04%
Belmar, Borough of 5,794 $507,354,100 $200,896 0.04%
Bradley Beach, Borough of 4,298 $402,974,400 $186,761 0.05%
Brielle, Borough of 4,774 $490,439,800 $210,616 0.04%
Colts Neck, Township of 10,142 $1,679,133,600 $362,753 0.02%
Deal, Borough of 750 $511,562,800 $206,781 0.04%
Eatontown, Borough of 12,709 $1,158,392,100 $263,267 0.02%
Englishtown, Borough of 1,847 $125,736,600 $15,789 0.01%
Fair Haven, Borough of 6,121 $589,631,200 $183,331 0.03%
Farmingdale, Borough of 1,329 $112,597,500 $22,005 0.02%
Freehold, Borough of 12,052 $636,156,950 $136,490 0.02%
Freehold, Township of 36,184 $3,944,416,100 $888,347 0.02%
Hazlet, Township of 20,334 $1,212,072,900 $247,869 0.02%
Highlands, Borough of 5,005 $282,777,500 $97,893 0.03%
Holmdel, Township of 16,773 $2,086,402,399 $355,858 0.02%
Howell, Township of 51,075 $3,182,248,300 $952,503 0.03%
Interlaken, Borough of 820 $91,685,800 $31,450 0.03%
Keansburg, Borough of 10,105 $349,667,700 $94,745 0.03%
Keyport, Borough of 7,240 $422,424,400 $88,648 0.02%
Lake Como, Borough of 1,759 $155,708,700 $58,618 0.04%
Little Silver, Borough of 5,950 $747,827,900 $222,482 0.03%
Loch Arbour, Village of 194 $39,039,500 $25,212 0.06%
Long Branch, City of 30,719 $2,345,429,800 $1,108,803 0.05%
Manalapan, Township of 38,872 $3,793,581,500 $704,447 0.02%
Manasquan, Borough of 5,897 $723,654,300 $328,511 0.05%
Marlboro, Township of 40,191 $3,947,148,000 $765,167 0.02%
Matawan, Borough of 8,810 $501,846,200 $82,188 0.02%
Middletown, Township of 66,522 $4,980,350,600 $1,306,087 0.03%
Millstone, Township of 10,566 $994,523,937 $157,427 0.02%
Monmouth Beach, Borough of 3,279 $452,626,900 $302,583 0.07%
Neptune City, Borough of 4,869 $240,091,400 $96,232 0.04%
Neptune, Township of 27,935 $1,522,988,600 $547,352 0.04%
Ocean, Township of 27,291 $2,086,610,750 $681,029 0.03%
Oceanport, Borough of 5,832 $518,615,000 $175,600 0.03%
Red Bank, Borough of 12,206 $1,186,117,471 $335,903 0.03%
Roosevelt, Borough of 882 $40,634,100 $2,345 0.01%
Rumson, Borough of 7,122 $1,411,914,600 $563,024 0.04%
Sea Bright, Borough of 1,412 $238,003,600 $226,332 0.10%
Sea Girt, Borough of 1,828 $469,081,700 $219,029 0.05%
Shrewsbury, Borough of 3,809 $490,447,400 $93,189 0.02%
Shrewsbury, Township of 1,141 $26,891,400 $3,366 0.01%
Spring Lake, Borough of 2,993 $1,047,534,400 $489,452 0.05%
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Table 3¢.3
al Annualized Losses from Hurricane Wind by Jurisdiction
Estimated Total Assessed Total Annualized Annualized
e e . . Value of Expected Property
Jurisdiction Population At d Percent Loss
Risk Improvements Losses — Hurricane Ratio
(Buildings) Wind

Spring Lake Heights, Borough of 4,713 $454,145,300 $185,923 0.04%
Tinton Falls, Borough of 17,892 $2,014,827,700 $395,579 0.02%
Union Beach, Borough of 6,245 $255,879,500 $66,513 0.03%
Upper Freehold, Township of 6,902 $810,887,400 $164,403 0.02%
Wall, Township of 26,164 $2,302,913,200 $811,167 0.04%
West Long Branch, Borough of 8,097 $785,971,500 $198,217 0.03%
Total 630,380 $55,141,734,937 $15,707,386 0.03%

Source: HAZUS-MH
Lightning
Impacts — Lightning

On average, 55 people are killed and hundreds are injured each year by lightning strikes in the United
States. Lightning can strike communications equipment (i.e., radio or cell towers, antennae, satellite dishes,
electrical transformers, etc.) and hamper communication and emergency response. Lightning strikes can
also cause significant damage to buildings, critical facilities, and infrastructure, largely by igniting a fire. In
addition, lightning can ignite vegetation to cause a wildfire.

Lightning’s impacts can typically be characterized as minor in Monmouth County. Events are typically
associated with very few injuries (if any), only minor property damage, and minimal disruption on quality
of life. The shutdown of critical facilities, if at all, is typically only temporary in nature.

Historical impacts in Monmouth County have included direct health impacts to individuals struck by
lightning, structure damages from fires caused by lightning, and impacts to emergency communications
facilities when towers have been struck by lightning. Lightning occurs frequently in Monmouth County but
damaging events are relatively few in number and limited in scope when they do occur. Building codes
requiring buildings to be grounded work to decrease damages. Members of the general public who are
outdoors are particularly vulnerable during an event. Lightning most typically occurs within 10 miles of a
thunderstorm.

Exposure and Damage Estimates — Lightning

Because it cannot be predicted where lightning may strike, all existing and future buildings, facilities and
populations are considered to be exposed to this hazard and could potentially be impacted. For the plan
update, NCDC historical lightning data current as of September 2014 was queried. The data includes a total
of 60 lightning events between May 1997 and August 2013, resulting in $2.42 million in damages, 7 deaths,
and 13 injuries. The lack of event records prior to the year 1997 is due to database limitations as opposed to
decades without lightning events. To estimate jurisdictional losses due to lightning, expected annualized
losses were calculated as follows for the 16.25 year period of record between May 1997 and August 2013:

* NCDC losses were obtained for the entire county ($2,424,300 total; using a 16.25 year period of
record, this yields expected annualized losses of $149,188).

*  NCDC event records included specific loss histories in 19 jurisdictions totaling $2,189,300; and
$235,000 for all other events countywide.
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* Expected annualized losses of $149,188 were divided by 53 jurisdictions to get an average per
community number of $2,815.

* Jurisdiction specific loss histories were greater than this average number for 6 jurisdictions, and
less than this average number for 13 jurisdictions. Annual losses were reported as-is for the 6
jurisdictions with actual loss histories greater than the average; the annual losses for these 6
jurisdictions combined ($124,923) was deducted from the total annual losses ($149,188) to get an
average annual loss for distribution across the remaining communities ($149,188-
$124,923=$24,265/47=$516 average annual losses for each of the 47 communities for which
specific jurisdictional data was either not available or was less than the overall $2,815 average).

Table 3c.4 shows potential annualized property losses and percent loss ratios resulting from the lightning
hazard for each jurisdiction in Monmouth County based on historic occurrences as reported by NCDC. For
the plan update, population estimates were refined using Census 2010 block level data; and annualized
expected property losses reflect updated (2012) improvement values.

Table 3c.4
Potential Annualized Losses from Lightning by Jurisdicti
Estimated Total Assessed Value AE:::clzgd Annualized
Jurisdiction Populatif)n At of Impf‘m./ements Property Percent. Loss
Risk (Buildings) Losses Ratio
Aberdeen, Township of 18,210 $1,057,910,200 $516 0.00%
Allenhurst, Borough of 496 $163,629,600 $516 0.00%
Allentown, Borough of 1,828 $128,744,000 $516 0.00%
Asbury Park, City of 16,116 $822,648,930 $516 0.00%
Atlantic Highlands, Borough of 4,385 $251,833,600 $516 0.00%
Avon-by-the-Sea, Borough of 1,901 $346,002,100 $516 0.00%
Belmar, Borough of 5,794 $507,354,100 $516 0.00%
Bradley Beach, Borough of 4,298 $402,974,400 $516 0.00%
Brielle, Borough of 4,774 $490,439,800 $516 0.00%
Colts Neck, Township of 10,142 $1,679,133,600 $6,154 0.00%
Deal, Borough of 750 $511,562,800 $516 0.00%
Eatontown, Borough of 12,709 $1,158,392,100 $516 0.00%
Englishtown, Borough of 1,847 $125,736,600 $516 0.00%
Fair Haven, Borough of 6,121 $589,631,200 $516 0.00%
Farmingdale, Borough of 1,329 $112,597,500 $516 0.00%
Freehold, Borough of 12,052 $636,156,950 $516 0.00%
Freehold, Township of 36,184 $3,944,416,100 $516 0.00%
Hazlet, Township of 20,334 $1,212,072,900 $516 0.00%
Highlands, Borough of 5,005 $282,777,500 $516 0.00%
Holmdel, Township of 16,773 $2,086,402,399 $516 0.00%
Howell, Township of 51,075 $3,182,248,300 $516 0.00%
Interlaken, Borough of 820 $91,685,800 $516 0.00%
Keansburg, Borough of 10,105 $349,667,700 $516 0.00%
Keyport, Borough of 7,240 $422,424,400 $516 0.00%
Lake Como, Borough of 1,759 $155,708,700 $6,154 0.00%
Little Silver, Borough of 5,950 $747,827,900 $516 0.00%
Loch Arbour, Village of 194 $39,039,500 $516 0.00%
Long Branch, City of 30,719 $2,345,429,800 $516 0.00%
Manalapan, Township of 38,872 $3,793,581,500 $61,538 0.00%
Manasquan, Borough of 5,897 $723,654,300 $516 0.00%
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Table 3c.4
Potential Annualized Losses from Lightning by Jurisdicti
Estimated Total Assessed Value A];‘,l:::cli:(eld Annualized
Jurisdiction Populati?n At of Impf'ow.'ements Property Percent. Loss
Risk (Buildings) Losses Ratio

Marlboro, Township of 40,191 $3,947,148,000 $516 0.00%
Matawan, Borough of 8,810 $501,846,200 $516 0.00%
Middletown, Township of 66,522 $4,980,350,600 $14,154 0.00%
Millstone, Township of 10,566 $994,523,937 $516 0.00%
Monmouth Beach, Borough of 3,279 $452.,626,900 $516 0.00%
Neptune City, Borough of 4,869 $240,091,400 $516 0.00%
Neptune, Township of 27,935 $1,522,988,600 $516 0.00%
Ocean, Township of 27,291 $2,086,610,750 $516 0.00%
Oceanport, Borough of 5,832 $518,615,000 $6,154 0.00%
Red Bank, Borough of 12,206 $1,186,117,471 $516 0.00%
Roosevelt, Borough of 882 $40,634,100 $516 0.00%
Rumson, Borough of 7,122 $1,411,914,600 $516 0.00%
Sea Bright, Borough of 1,412 $238,003,600 $516 0.00%
Sea Girt, Borough of 1,828 $469,081,700 $516 0.00%
Shrewsbury, Borough of 3,809 $490,447,400 $516 0.00%
Shrewsbury, Township of 1,141 $26,891,400 $516 0.00%
Spring Lake, Borough of 2,993 $1,047,534,400 $516 0.00%
Spring Lake Heights, Borough of 4,713 $454,145,300 $516 0.00%
Tinton Falls, Borough of 17,892 $2,014,827,700 $516 0.00%
Union Beach, Borough of 6,245 $255,879,500 $516 0.00%
Upper Freehold, Township of 6,902 $810,887,400 $30,769 0.00%
Wall, Township of 26,164 $2,302,913,200 $516 0.00%
West Long Branch, Borough of 8,097 $785,971,500 $516 0.00%
Total 630,380 $55,141,734,937 $149,188 0.0003%

Nor’easter

Impacts - Nor’easters

Nor’easters are known for dumping heavy amounts of rain and snow, producing hurricane-force winds, and
creating high surf that causes severe beach erosion and coastal flooding. There are two main components to
a nor'easter: (1) a Gulf Stream low-pressure system (counter-clockwise winds) generated off the
southeastern U.S. coast, gathering warm air and moisture from the Atlantic, and pulled up the East Coast by
strong northeasterly winds at the leading edge of the storm; and (2) an Arctic high-pressure system
(clockwise winds) which meets the low-pressure system with cold, arctic air blowing down from Canada.
When the two systems collide, the moisture and cold air produce a mix of precipitation and have the
potential for creating dangerously high winds and heavy seas. As the low-pressure system deepens, the
intensity of the winds and waves will increase and cause serious damage to coastal areas as the storm moves
northeast. Nor’easters can be extremely large (up to 1,000 miles in diameter) and their duration can last for
days and multiple tidal cycles, often causing major coastal flooding, erosion and damages that might even
exceed the impacts of shorter-term hurricane events.

Impacts from nor’easters are primarily associated with high winds, severe beach erosion and flood hazards
(riverine and coastal flooding, storm surge). Their impacts are often quite similar to winter storms with
significant snow accumulations, creating hazardous driving conditions, business/government office
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closures, potential for damage from snow accumulations on structures, etc. Nor’easters tend to have the
greatest impacts in coastal communities, though all of the county has some exposure and past effects have
been widespread. Monmouth County’s shore is vital to the local economy but remains highly susceptible to
the effects of major coastal storms, including nor’easters.

Similar to hurricanes and tropical storms, nor’easters are capable of producing catastrophic impacts,
depending upon the nature of the storm, its intensity, and duration. Possible impacts can include high
numbers of deaths/injuries, more than 50 percent of property in the affected area could be damaged or
destroyed, and critical facilities could be shut down for 30 days or more.

Historical records indicate that 18 nor’easters have impacted Monmouth County since 1993. Recent events
have caused significant wind, flood and coastal erosion related damages in Monmouth County. They have
also resulted in power outages and hazardous driving conditions.

Coastal areas of Monmouth County are particularly dynamic environments, and are quite susceptible to
hazards associated with nor’easters. These susceptibilities are expected to increase over time due to the
effects of sea level rise. Impacts of nor’easters are associated with damages as a result of flooding (riverine
and coastal (back bay and oceanfront) as well as storm surge), high winds, damaging waves, and coastal
erosion. It is possible for the entire county to be impacted by nor’easters, though in different ways. For
example, wind impacts may be widespread but more severe in immediate coastal areas. Structures close to
the Atlantic Coast could suffer catastrophic damages from wind, surge, waves and beach erosion while
impacts to inland structures would be less substantial due to lower wind speeds and absence of surge
impacts. Riverine flooding would be limited to riverine flood zones and being of slower velocities in most
cases would cause less severe types of structure damages than in coastal areas but could be more
widespread geographically. Roads and bridges across the county would be susceptible to overtopping and
damage from floodwaters. Beach erosion can often be severe during nor’easters; though beach restoration
and maintenance activities are undertaken regularly to offset storm impacts. As noted earlier, the Long
Branch - Manasquan Project, between Sandy Hook and Manasquan Inlet, is one of the largest beach
construction projects completed in the US with over 25 million cubic yards of sand placed on 25 miles of
beaches.

Monmouth County is a tourist destination. With summer being the peak vacation time — opposite the time
of the typical nor’easter occurrences in winter, tourists are not generally impacted. Impacts to the general
public include evacuation and sheltering needs, as well as emergency response for those who shelter in
place or are injured during the event. All property types are impacted, with residential and commercial
impacts being greatest due to their proximity to the coast. Roads, bridges, schools, hospitals and other types
of critical facilities are susceptible to wind and water damage. Secondary impacts would be associated with
flying debris, as well as drifting sand from storm surges. Sand covered roads and bridges would be common
impacts. Beach erosion can be catastrophic depending on the particular area and the nature of the event.
Transportation, communications, and governmental services may be severely impacted. Impacts would be
exacerbated when coincident with high tides, or during prolonged types of events that extend across several
tidal cycles. Sea level rise will increase impacts over time.

Exposure and Damage Estimates — Nor’easters

Because nor’easters often impact large areas and cross jurisdictional boundaries, all existing and future
buildings, facilities and populations are considered to be exposed to this hazard and could potentially be
impacted. Similar to hurricanes and tropical storms, nor’easters are complex combinations of discrete
component hazards occurring simultaneously. Damages during these events result from the cumulative
impacts of component hazards such as flooding, storm surge, coastal erosion, wave action, and high winds.
No two nor’easters are identical. Even storms of the same magnitude and intensity can bring with them
wildly different impacts depending on whether they occur during a time of high tide or low tide; and, since
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it is not uncommon for nor’easters to stall off of the coast, damages are often affected by the number of
tidal cycles during which they occur. Variations in inland wind affects and precipitation amounts can also
vary widely. Thus, it is difficult to estimate total potential losses from these cumulative effects in a manner
that would allow for the calculation of a meaningful average annual loss estimate for nor’easters. However,
because nor’easters are low pressure systems, the impacts from winds found in a strong nor’easter can be
modeled using methodology similar to that used for hurricanes.

For this assessment, the HAZUS-MH hurricane model was used. The current HAZUS-MH hurricane
model only analyzes wind and is not capable of modeling and estimating cumulative losses from all
hazards associated with nor’easters; therefore only nor’easter wind losses are reported here and this
subsection of the plan assesses vulnerability strictly with regard to wind. Vulnerability to the component
hazards of a nor’easter are addressed individually throughout this Section 3c. HAZUS-MH was used to
model two representative nor’easters which directly impacted Monmouth County in December 1992 and
April 2007, and for which data was readily available. These two storms were chosen for analysis because
wind speed data was available for georeferenced buoy points and varied in strength, with the 1992 storm
identified by locals as one of the most memorable in several decades. Although this modeling does not
account for increased duration or precipitation levels which may exceed those found in typical hurricanes, it
can help quantify a conservative estimate of potential losses if these storms were to impact Monmouth
County today. Due to these limitations and other uncertainties inherent in mathematical simulations such as
this one, there remains the possibility that the modeled damage estimates may not closely reflect actual
recorded damages in every case. To use the HAZUS-MH hurricane model to analyze nor’easter data,
historical wind speed data for each storm for georeferenced buoys within range of Monmouth County was
obtained (where available) from the National Data Buoy Centers. To model peak intensity, peak wind gusts
measured on December 11, 1992 at 4 p.m. EST were used for the December 1992 storm analysis, and peak
wind gusts measured on April 16, 2007 at 2 a.m. EST were used for the April 2007 storm analysis. Using
known wind gust data normalized to 10-meter height for at least three georeferenced points (buoy
locations), wind gust speeds were interpolateds to estimate wind gust speed at the centroid of each census
tract, which was imported into HAZUS-MH for analysis and potential loss estimates.

Modeling of the April 2007 nor’easter estimates negligible damage resulting from nor’easter winds. Wind
gusts in the county ranged from 23 to 56 mph, which is less than tropical-storm force. Modeling of the
December 1992 nor’easter estimates over $36 million in damages countywide as a result of wind gusts
ranging from 63 to 79 mph, which is comparable to Category 1 hurricane wind speeds in some areas of the
county. Table 3c.5 shows estimated potential wind losses for a nor’easter similar in strength to the
December 1992 storm if it were to occur in the current built environment, by jurisdiction.

Table 3c¢.5
Potential Losses from Nor'easter Winds by Jurisdiction (December 11, 1992 storm model)
Modeled Nor’easter
Jurisdiction Irﬁ;ﬁf\{tﬁ:ﬂi:‘:ﬁigfnﬁ) Wind Losses
12/11/1992 storm
Aberdeen, Township of $1,057,910,200 $1,497,918
Allenhurst, Borough of $163,629,600 $160,906
Allentown, Borough of $128,744,000 $56,743
Asbury Park, City of $822,648,930 $551,584
Atlantic Highlands, Borough of $251,833,600 $405,776
Avon-By-The-Sea, Borough of $346,002,100 $192.871
Belmar, Borough of $507,354,100 $310,187
Bradley Beach, Borough of $402,974,400 $227,830

5
www.ndbc.noaa.gov

® This method assumes that the wind speeds are linear and can be interpolated with reasonable results.
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Table 3c.5
Potential Losses from Nor'easter Winds by Jurisdiction (December 11, 1992 storm model)
Jurisdiction I UG LRI Vi!l“? ol Mog’t’li::li(::si“er
mprovements (Buildings) 12/11/1992 storm

Brielle, Borough of $490,439,800 $167,364
Colts Neck, Township of $1,679,133,600 $2,022,658
Deal, Borough of $511,562,800 $606,451
Eatontown, Borough of $1,158,392,100 $1,020,712
Englishtown, Borough of $125,736,600 $80,376
Fair Haven, Borough of $589,631,200 $954,556
Farmingdale, Borough of $112,597,500 $56,167
Freehold, Borough of $636,156,950 $476,898
Freehold, Township of $3,944,416,100 $3,326,934
Hazlet, Township of $1,212,072,900 $1,810,871
Highlands, Borough of $282,777,500 $574,214
Holmdel, Township of $2,086,402,399 $2,385,061
Howell, Township of $3,182,248,300 $1,584,410
Interlaken, Borough of $91,685,800 $74,885
Keansburg, Borough of $349,667,700 $624,908
Keyport, Borough of $422,424,400 $645,507
Lake Como, Borough of $155,708,700 $68,529
Little Silver, Borough of $747,827,900 $1,136,814
Loch Arbour, Village of $39,039,500 $38,390
Long Branch, City of $2,345,429,800 $2,964,932
Manalapan, Township of $3,793,581,500 $3,164,397
Manasquan, Borough of $723,654,300 $184,148
Marlboro, Township of $3,947,148,000 $3,846,927
Matawan, Borough of $501,846,200 $647,130
Middletown, Township of $4,980,350,600 $7,665,185
Millstone, Township of $994,523,937 $570,923
Monmouth Beach, Borough of $452,626,900 $902,666
Neptune City, Borough of $240,091,400 $145,535
Neptune, Township of $1,522,988,600 $931,766
Ocean, Township of $2,086,610,750 $1,602,620
Oceanport, Borough of $518,615,000 $647,686
Red Bank, Borough of $1,186,117,471 $1,472,848
Roosevelt, Borough of $40,634,100 $20,931
Rumson, Borough of $1,411,914,600 $2,584,529
Sea Bright, Borough of $238,003,600 $756,345
Sea Girt, Borough of $469,081,700 $163,438
Shrewsbury, Borough of $490,447,400 $511,849
Shrewsbury, Township of $26,891,400 $43,177
Spring Lake, Borough of $1,047,534,400 $471,888
Spring Lake Heights, Borough of $454,145,300 $223,560
Tinton Falls, Borough of $2,014,827,700 $1,975,497
Union Beach, Borough of $255,879,500 $411,028
Upper Frechold, Township of $810,887,400 $273,281
Wall, Township of $2,302,913,200 $711,376
West Long Branch, Borough of $785,971,500 $831,669

Total $55,141,734,937 $55,025,149
Source: HAZUS-MH
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Nor’easters of the strength and magnitude of the December 1992 storm are not common and do not occur
on a frequent basis. In the absence of a frequency level determination for this specific event, for the
purposes of this analysis it is assumed using professional judgment that the probability of such a strong
nor’easter causing this amount of damage could be 0.2 percent in any given year (i.e., a 500-year event
frequency). This probability can be multiplied by the modeled losses from the 1992 storm to conservatively
estimate potential annualized losses as shown in Table 3c.6. For the plan update, population estimates were
refined using Census 2010 block level data, and annualized expected property losses are based on updated
(2012) improvement values.

Table 3c.6

Potential Annualized Losses from Nor'easter Winds by Jurisdiction

Estimated Total Assessed Value of Annualized Expected Annualized
Jurisdiction Population At Improvements Property Losses — Percent Loss
Risk (Buildings) Nor’easter Winds Ratio
Aberdeen, Township of 18,210 $1,057,910,200 $2,996 0.00028%
Allenhurst, Borough of 496 $163,629,600 $322 0.00020%
Allentown, Borough of 1,828 $128,744,000 $113 0.00009%
Asbury Park, City of 16,116 $822,648,930 $1,103 0.00013%
Atlantic Highlands, Borough of 4,385 $251,833,600 $812 0.00032%
Avon—By—The-Sea, Borough of 1,901 $346,002,100 $386 0.00011%
Belmar, Borough of 5,794 $507,354,100 $620 0.00012%
Bradley Beach, Borough of 4,298 $402,974,400 $456 0.00011%
Brielle, Borough of 4,774 $490,439,800 $335 0.00007%
Colts Neck, Township of 10,142 $1,679,133,600 $4,045 0.00024%
Deal, Borough of 750 $511,562,800 $1,213 0.00024%
Eatontown, Borough of 12,709 $1,158,392,100 $2,041 0.00018%
Englishtown, Borough of 1,847 $125,736,600 $161 0.00013%
Fair Haven, Borough of 6,121 $589,631,200 $1,909 0.00032%
Farmingdale, Borough of 1,329 $112,597,500 $112 0.00010%
Freehold, Borough of 12,052 $636,156,950 $954 0.00015%
Freehold, Township of 36,184 $3,944,416,100 $6,654 0.00017%
Hazlet, Township of 20,334 $1,212,072,900 $3,622 0.00030%
Highlands, Borough of 5,005 $282,777,500 $1,148 0.00041%
Holmdel, Township of 16,773 $2,086,402,399 $4,770 0.00023%
Howel