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4.0 RISK ASSESMENT
4.1 OVERVIEW AND CHANGES SINCE 2021

Jurisdictions in Monmouth County face vulnerability to both natural and-made hazards. For the 2026 plan update,
the Steering Committee reviewed the hazards that were included in the 2021 plan, the 2024 NJ State Hazard Mitigatic
Plan, and the historyfaevents that has occurred since the previous update.

The 205 plan update includesS8lnatural hazards, and humancaused hazards. Transportation Accidents was the only
new hazard identified for this update. Tsunami, included in the previous plan was removed as a hazard of concern in tf
plan updatedue to lowprobabilityand low frequency of previous occurrences

Hazard events not identified for inclusion at this time may be addressed during future evaluations and updates to the ris
assessment if deemed necessary by the Steering Committee.

The conclusions drawn from th@anningprocess for Monmouth County, including input from the Steering Committee,
resulted in the classification of risk for each identified hazard accorditfyée categories: High RigK), Moderate Risk

(M) and Low Risk.) For purposes of these classifications, risk is expressed in relative terms according to the estimate
impact that a hazard will have on human life and property throughout all of Monmouth County. It should be noted that
although some hazards are classifieelow as posing low risk, their occurrence of varying or unprecedented magnitudes
is still possible in some cases and their assigned classification will continue to be evaluated durénpgléun updates.
Table 41¢ 1 Hazard Risk Rankings for Monmouth Coumtesents conclusions on hazard risk for the County as a whole.

Table 4.11 Hazard Risk Rankings for Monmouth County
Hazard Risk Rankings for Monmouth County
Hurricane and Tropical Storm
Nor'easter
Coastal Erosion
Flood
Storm Surge
Wave Action
Pandemic
Dam Failure
Extreme Temperatures
Extreme Wind
Tornado
Winter Storm
MODERATE R{S Wildfire
Cyber Attack
Economic Disruption
Power Failure
Terrorism
Transportation Accidents
Lightning
Drought
LOWRISK Earthquake
Landslide
Civil Unrest
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4.2 RISK ASSESSMENT UPDATE PROCESS

This HMP was prepared in compliance with federal &atk requirementsfor mitigation planning as established under

the Robert T. Stafford Disaster Relief and Emergency Assistance Act, as amended by the Disaster Mitigation Act of 2
(42 USC 516%s well as New Jersdill A2324 whiclequires hazard mitigation plarie the Sate to include climate
changerelated threat assessments and hazard prevention and mitigation strateGm@msthis plan update, the risk
assessment process followed the intent identified in the current FEMA Local Planning Mitigation Policy Guide to focus tl
information in this section to what helps jurisdictions within the planning area to understand their historical, current, and
future risk to identified natural and mamade hazards. Where possible, this risk assessment uses3Iata),and federal

data (in that order, depending on availability) to understand the locations that are most exposed to each hazard, th
predicted level of impact and severity tf@unty may face, how the hazard has affected communities inGhenty
previously, and how climate change will influence risk and vulnerability to this hazard in the future. With this information,
vulnerabilities were assessed, both qualitatively and quantitively. Where approp@a®ea !N@tidnal Risk Index was
used.

Input from municipalities, Steering Committee members, other stakeholders and members of the general public was use
to refine the identification of hazards, their profiles, and the vulnerability assessments. The hazards in this report wer
selected for rgiew based on research into hazards present in Monmouth County, reviewing the previous hazarc
mitigation plans for the&ate, Ocean County, and neighboring jurisdictions. Transportation Accidents was added as a ney
mediumrisk hazard due to the several imant regional transportation routes which pass through the County. Tsunami,

a natural hazard included in the previous plan update, was removed from this iteration of the plan due to low perceptior
of risk by the County and local jurisdictions as welbasfrequency of past occurrences. Although still possible, tsunami
triggers such as earthquakes are somewhat rare in the Atlantic Ocean.

In addition to this chapter, information on current and future flood risk is included in each jurisdictions annex. If a
jurisdiction is particularly vulnerable to wildfire, that hazard is also included in the local risk assessment contdired in t
annex.Hazards that have consistent exposure and vulnerability acros€dumtyare detailed in this section

4.3 IDENTIFICATION OF HAZARDS

Table 43-1 FEMA Major Disaster Declaratioris Monmouth Countydisplays emergency and disaster declarations
Monmouth County. Presidential Major Disaster, Emergency, and Fire Management Assistance Declarations are isst
when it has been determined th&ate and local governments need assistance in responding to a disaster event. There
have been 21 Major Disaster Declarations and 10 Emergency Declarations since 1965.

Table 4.31 FEMA Major Disaster Declarations in Monmouth County

DR205 August 1965 Water shortage

DR310 September 1971 Heavy rains, flooding

DR519 August 1976 Severe storms, high winds, flooding
DR528 February 1977 Ice conditions

EM3083 October 1980 Water shortage

DR701 April 1984 Coastal storms, flooding

DR749 October 1985 Hurricane Gloria

DR936 March 1992 Coastal storm

DR519 August 1976 Severe storms, high winds, flooding
DR528 February 1977 Ice conditions

4.0-3 4.0 RISK ASSESSMENT



MONMOUTH COUNTY, NEW JERSEY

HAZARD MITIGATION PLAN 2026

FEMA Disaster No. | Disaster Date

Type of Disaster \

EM3083 October 1980 Water shortage

DR701 April 1984 Coastal storms, flooding

DR749 October 1985 Hurricane Gloria

DR936 March 1992 Coastal storm

DR973 December 1992 Coastal storm

EM3106 March 1993 Severe blizzard

DR1088 January 1996 Snow, blizzard

EM3148 September 1999 Hurricane Floyd

EM3156 November 2000 Virus threat

EM3169 September 2001 Terrorist attack emergency declaration
EM3181 March 2003 Snowstorm

EM3257 September 2005 Hurricane Katrina evacuation
DR1897 April 2, 2010 Severe Storms and Flooding
DR1954 February 4, 2011 Severe Winter Storm and Snowstorm
EM3332 August 2011 Hurricane Irene

DR4086 Octoberg November 2012 Hurricane Sandy

EM3354 October¢ November 2012 Hurricane Sandy

DR4264 March 14, 2016 Severe Winter Storm and Snowstorm
DR4488 March 25,2023 COVIB19 Pandemic

DR4574 December 11, 2020 Tropical Storm Isaias

DR4614 September 52021 Remnants of Hurricane Ida

Source: FEMA, 2024

This section includes detailed profiles for each of the hazards identified iprihngous section. Each hazard profile
includes a general description of the hazard, its locatom extent, its magnitude or severity, notable historical
occurrences and the probability of future occurrences. Profiles also include specific items noted by members of th
Planning Committee as it relates to unique historical or anecdotal hazard information for Mon@outtty or a particular
municipal jurisdiction.

During the planning process individual jurisdictions were asked to rank each h@abid.4.3¢ 2 Natural Hazard Risk
Rankings, by Jurisdictiomnd Table 4.33 Humanbased Hazard Risk Rankindpy Jurisdiction presents an overview of the
resultant hazard risk rankings for each jurisdiction.

Table 4.32 Natural Hazard Risk Rankings, by Jurisdiction
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Extreme
Wildfire

Jurisdiction

Extreme Wind
Hurricane/
Tropical Storm
Lightning
Nor'easter
Tornado
Winter Storm
Dam Failure
Landslide
Storm Surge
Wave Action
Earthquake
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Upper Freehold,
Township of
Wall, Township
of

West Long
Branch, Borough| M M M L H M M N/A N/A | N/A L M H N/A L L
of
Monmouth
County

L N/A M H H M L L

M M M L H L M M M N/A L M M M L M

Table 4.33 Humanbased Hazard Risk Rankings, by Jurisdiction

Cyber = i Power Transporta
Jurisdiction Civil Unrest Y conomic Pandemic . Terrorism tion
Attack Disruption Failure :
Accidents
M L

Aberdeen, Township of L M H M M
Allenhurst, Borough of M M M H M M M
Allentown, Borough of L L L H M L M
Asbury Park, City of M M M H L M M
Atlantic Highlands, Borough of L M M H M M M
AvonByTheSea, Borough of L M M H L M M
Belmar, Borough of L M M H M M M
Bradley Beach, Borough of L M M H L M M
Brielle,Borough of L M M H M M M
Colts Neck, Township of L M M H M M M
Deal, Borough of L M M H L M M
Eatontown, Borough of L M M M L M M
Englishtown, Borough of L M M H L M M
Fair Haven, Borough of L M M H M M M
Farmingdale, Borough of L M M H H M M
Freehold, Borough of L M M H M M M
Freehold, Township of L H M H L M M
Hazlet, Township of L M M H M M M
Highlands, Borough of L M M H H M M
Holmdel, Township of L M M H M H M
Howell, Township of M M M H H M M
Interlaken, Borough of L M M H L M M
Keansburg, Borough of L M M H L M M
Keyport, Borough of M M M H M M M
Lake Como, Borough of L M M H M M M
Little Silver, Borough of L M M H M M M
Loch Arbour, Village of L M M H L M M
Long Branch, City of L M M H M M M
Manalapan, Township of L M M H L M M
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Transporta

Attack Disruption Pandemic Failure Terrorism tlpn
Accidents

Cyber Economic Power

Jurisdiction Civil Unrest

—

Manasquan, Borough of
Marlboro, Township of
Matawan, Borough of
Middletown, Township of
Millstone, Township of
Monmouth Beach, Borough of
Neptune CityBorough of
Neptune, Township of
Ocean, Township of
Oceanport, Borough of

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

Sea Girt, Borough of
Shrewsbury, Borough of
Shrewsbury, Township of
Spring Lake, Borough of
Spring Lake Hts., Borough of
Tinton FallsBorough of
Union Beach, Borough of
Upper Freehold, Township of
Wall, Township of

West Long Branch, Borough of
Monmouth County
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An inventory of Monmouth County's georeferenced assets (identified assets with specific, identified locations) wa
created in order to identify and characterize property and persons potentially at risk to the identified hazards. By
understanding the typerad 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 GIS analysis.

I NAGAOFKE CFOAfAGASA 6SNB ARSYGAFASR Ay O022LISNIGAZ2Y 6A
FEMA created the eight Community Lifelines to contextualize information from incidents, communicate impacts in plail
language, and promote a more unified effort across a community that focuses on stabilization of these lifelines durin
response. Theightcategories of community lifelines are:

i Safety and Security
Food, Hydration, Shelter
Health and Medical
Energy
Communications
Transportation
Hazardous Materials

=A =4 =4 =4 = =9

4.0 RISK ASSESSMENT 4.0-8



HAZARD MITIGATION PLAN 2026

1 Water System

These community lifelinesust continue to operate before, during, and after an emergency and/or hazard event and/or
are vital to health and safety. Community lifelines have been identified as the most fundamental sémviEmsh
community that wherstabilized enable all other aspects of society to functiariotal of 1207 lifelines were identified

for this update The critical facilities, infrastructure and community lifelines spatial inventory includes assets that, although
not always publicly ownechave been defined as critical in accordance with the above definititedsie4.3-4 Number of
Critical Facilities in Each Community Lifeline Category by Jurisdigionmarizes th number of identified community
lifelines in each jurisdiction.

Table 4.34 Number Of Critical Facilitieim Each Community Lifeline Categdsy Jurisdiction

Commu FOO(.j’ Hazardous| Health & Safety & Trans Water
Jurisdiction Energy Hydration, : ; : :
nications Shelter WEEELS Medical Security portation Systems

Aberdeen,Township of 0 0 0 1 21 0 1
Allenhurst, Borough of 0 1 0 0 1 2 1 0
Allentown, Borough of 0 0 0 0 0 7 0 4
Asbury Park, City of 3 0 0 0 1 20 1 2
Atlantic Highlands, Borough of 0 0 0 0 1 6 1 1
AvonBy-TheSea, Borough of 0 0 0 0 1 4 0 2
Belmar,Borough of 1 1 1 0 0 8 1 2
Bradley Beach, Borough of 0 0 0 0 1 7 0 0
Brielle, Borough of 0 0 0 0 0 6 0 6
Colts Neck, Township of 0 0 0 0 1 15 0 7
Deal, Borough of 0 0 0 0 1 5 0 0
Eatontown, Borough of 1 1 0 2 1 19 0 1
Englishtown, Borough of 0 0 0 0 0 5 0 3
Fair Haven, Borough of 1 0 0 0 1 8 0 1
Farmingdale, Borough of 0 0 0 0 1 4 0 0
Freehold, Borough of 0 1 0 0 2 20 0 8
Freehold, Township of 0 0 1 2 2 43 0 10
Hazlet, Township of 0 0 0 0 0 25 1 0
Highlands, Borough of 0 0 0 0 1 6 1 0
Holmdel, Township of 0 0 0 0 2 19 0 6
Howell, Township of 0 0 0 0 2 46 0 14
Interlaken, Borough of 0 0 0 0 0 2 0 0
Keansburg, Borough of 0 0 0 0 1 11 0 0
Keyport, Borough of 1 1 0 1 4 14 8 7
Lake Como, Borough of 1 0 0 0 0 4 1 0
Little SilverBorough of 0 0 0 0 1 9 0 0
Loch Arbour, Village of 0 0 0 0 2 34 2 2
Long Branch, City of 0 0 0 0 1 33 0 1
Manalapan, Township of 0 0 0 0 0 0 0 15
Manasquan, Borough of 0 0 0 0 1 10 0 0
Marlboro, Township of 0 0 0 0 2 27 1 5
Matawan, Borough of 0 0 0 0 1 11 0 2
Middletown, Township of 0 0 0 0 6 78 2 7
Millstone, Township of 0 0 0 0 1 9 0 7
Monmouth Beach, Borough of 3 1 0 0 1 4 0 1
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Commu FOO(.j’ Hazardous| Health & Safety & Trans Water
Jurisdiction Energy Hydration, : ; : :
nications Shelter Materials Medical Security portation Systems
5

Neptune City, Borough of 0 0 0 1 0 1
Neptune, Township of 4 1 0 3 5 38 1 7
Ocean, Township of 0 0 0 0 2 36 0 6
Oceanport, Borough of 0 0 0 0 1 4 0 0
Red Bank, Borough of 0 0 0 0 3 21 0 0
Roosevelt, Borough of 0 0 0 0 1 3 0 0
Rumson, Borough of 0 0 0 0 1 11 0 0
Sea Bright, Borough of 0 0 0 0 1 2 0 0
Sea Girt, Borough of 0 0 0 0 0 5 0 2
ShrewsburyBorough of 0 0 0 0 1 9 0 0
Shrewsbury, Township of 0 0 0 0 0 0 0 0
Spring Lake, Borough of 0 0 0 0 0 9 0 1
Spring Lake HeightBorough of 0 0 0 0 0 6 0 0
Tinton Falls, Borough of 0 0 0 0 3 25 1 2
Union Beach, Borough of 0 1 0 1 1 10 0 1
UpperFreehold, Township of 0 2 1 0 1 7 1 18
Wall, Township of 0 0 0 0 2 32 1 14
West Long Branch, Borough o 0 0 0 0 1 13 0 2
Monmouth County 15 10 3 9 65 775 24 169

Source: Monmouth County Jurisdictions

Information regarding critical facilities, infrastructure, and the attributes and locations of community lifelines are
considered sensitive in nature. Therefore, all assets reported in the HMP Update will be at the aggregate level (by type
jurisdiction). Individual assets will not be specifically identified.

All assets throughout Monmouth County are exposed to extreme temperatures, extreme winds, hurricanes and tropice
storms, lightning, nor'easters, tornadoes, winter storms, drought and earthquaBeme hazards have discrete,
delineable hazard areas associated with them. In other words, lines can be drawn on a map to show approximate are
that are potentially susceptible to the hazard versus those that areFmtthe hazards with delineable hazard areas (i.e.,
flood andsea level risg tables showingth§ ELJ2 8 dzZNB 2 F a2y Y2dzi K / 2dzy i & Q& ONX i A
in the corresponding hazard swections. Exposure of these assets was determined through GIS analysis of hazard aree
using georeferenced point locations for critical fa@htiwhich were aggregated lmpmmunity lifeline type

Methodology

This multijurisdictional vulnerability assessment was conducted with two distinct methodologies, utilizidgasa&
analysis andising FEMA National Risk Index d&ach approach provides estimates for the potential impact of hazards
by using a common, systematic framework for evaluation, including historical occurrence information. The results of th
multi- jurisdictional vulnerability assessment are provided for each hazard immediately following the Hazard Profiles c
each hazardBelow is a brief desiption of these approaches.
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GISBased Analysis

For Gl$ased assessment, digital data was collected from |&sate, and national sources. ESRIcGI® Pro 3.3.0wvas

used to assess risk utilizing digital data including local tax records for individual parcels and georeferenced poirg locatic
for critical facilities. Using these data layarsinerability was assessed to determine where these assets intersected with
delineable hazard areasiAZUSMH is used to model hurricane winds, riverine flood, and earthquakesl estimate
potential losses forhtese hazards. HAZWEH is FEMA's standardized loss estimation software program built upon an
integrated GIS platform (sefeigure 43 ¢ 4 Conceptual Model of HAZUEH Methodology) to conduct analysis at a
regional level (i.e., not on a structul®/-structure basis). The objective of the hi&ed analysis was to determine the
estimated vulnerability of people, buildings and critical facilities to the identified hazards for Mohr@muinty using best
available geospatial dat& more specific description dfe GlSased analysis for each particular hazard is provided under
the vulnerability assessment section of each respective hazard.

The HAZU$IH risk assessment methodology is parametric, in that distinct hazard and inventory parameters (i.e., winc
speed and building types) were modeled using the HAMHS oftware to determine the impact (i.e., damages and losses)
on the built environnent. This risk assessment applied HAEUSto produce countywide profiles and estimate losses for
hazards at the jurisdictional levalhisHMP update uses HAZWSH version7.0, which is run at a Level 2 analysis, with
updated census tract data, criticaldilities, and depth grids for preliminary and effective FENb®d Insurance Rate Maps
(FIRM$%for the 1% Annual Chance Flood Event. For td Zan, the analysesere run using HAZUBIH 4.2. A Level 1
analysis yields a rough estimate based on the nationwide database and is a great way to begin the risk assessment proc
and prioritize higkrisk communities. In contrast, the Level 2 analysis type used for this Plan Update produces more
accuate loss estimates by including detailed information on loaand conditions and/or by replacing the national
default inventories with more accurate local inventories of buildings, essential facilities and other infrastructure

Figure 4.31 Conceptual Model of HAZU®H Methodology
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The results of the HAZLMBH model analysis include annualized loss estimates for each jurisdiction so that potential loss
values may be compared to one another throughout Monmouth County.

National Risk IndexNRI)Methodology
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In order to estimate losses fdrazards of concern that were outside the scope of HAMIBISand the GHpased risk
assessmert Rl G FTNRY C9a! Qa4 bEOA2ZWNBf bWHARYLYRGEAGI EyRSBERR
data on natural hazards and community risk factors to develop a baseline risk measurement for 18 natural hazards |
County and Census tract (FEMA, n.&Xpectedannualloss EAL is the natural hazards component of the National Risk
Index; the EAL score and rating represdrd iverage economic loss in dollars resulting from natural hazards each year
for a community when compared to all other communities at the same level. The following formula was used to calculat

the EAL:
Own £ iZ0iE'Q 6 OO ORMDO & £ Wi 0= 0 Q4 B NVEOEQREDCEN |

Exposure is the representative value of buildings, population, or agriculture potentially exposed to a natural hazar
consequence. Annualized frequency is the expected frequency or probability of a natural hazard occurrence per ye:
Historic loss ratio ithe estimated percentage of the exposed building value, population, or agriculture value expected to
be lost due to a natural hazard occurrence (FEMA, n.d.).

Risk is presented in terms &ALin dollars Building EAL ithe predominant measure used across hazards, however,
depending on the nature of the hazard, in some instances agricultural EAL, population equivalence EAL, or total EAL (
sum of building, agricultural and population equivalence EAL) is Usgéneral, presenting results in the annualized form

is useful in three ways:

9 This approach accounts for the contribution of potential losses from all fulisasters;
1 Annualized results for different hazards are readily comparable, thus easier tarahk;
1 The use of annualized losses is the most objective approach for evaluating mitigation alternatives.

Loss estimates provided in this vulnerability assessment are based on best available data, and the methodologies appl
result in an approximation of risk. These estimates should be used to understand relative risk from hazards and potenti
losses. Unceainties 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 an
simplifications that arenecessary for a comprehensive analysis (i.e., incomplete inventories, demographics or economi
parameters).Additionally, because NRI data is available at the census tract level. In instances where one or mor
municipalities were located within the census tract, loss estimates were divided equally between all municipalities
regardless of population or buildingdsity.

Resilience Analysis and Planning Tool (RAR&thodology

C 9 a !Rexsdlience Analysis and Planning Tool (RisRata and GIS mappirtgol used tounderstand communityisk
RAPWas used in the dam failure section as a vulnerability analysis of dam failurewstmatthe scope of the HAZUS or
NRI methodologiesRAPTwas usedto conduct a spatial analysis of each high hazard potential dam to vulnerable
populations and critical infrastructure within the planning area. In ordeuniderstandthe impact of a potential dam
FILAfdNBS w!te¢Qa AYOARSy(d Fylrfeara G22f o1 & dzaSR® ¢KS
an incident, in this case, dam failure, by setting an incident locatiormiebbuffer was selectetb estimate the atrisk

area. The tool identifies critical facilities within the buffer zone. Additionally, the population counter tool was uséd whic
provides the estimated number of people with a specific characteristic within a drawn shape, by using the-silme 5
buffer araund the dam.

Findings for each hazard are detailed in the hazarthazard vulnerability assessment that follows each Hazard Profile.
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Potential for Future Development to Impact Vulnerability for Hazards

As more residential and commercial buildings, infrastructure, public facilities and other assets are constructed, potenti
future hazard vulnerability is likely to increase. In general, more people, buildings, and infrastructure will be exposed t
naturalhazards over time. If current demographic trends continue, the proportion of the population representing young
children, the elderly, and those with other special needs is likely to increase somewhat in the foreseeable future
Monmouth County is cognizanf the risks that it faces due to the impacts of natural hazards. Management of risk in the
midst of growth is of paramount importance in each community's overall attainment of sustainability and disaster
resiliency. Many municipalities have programs lace today which address certain natural hazardghether it is a
comprehensive or master plan, floodplain management ordinance, or erosion hazard area construction limixgions.
development on undeveloped parcels will increase exposure to naturakdezthough many impacts are expected to

be reduced or eliminated because they are built to codes and standards which, in many cases, offer a certain degree
protection from future damages. In addition to development of undeveloped parcels, MonmouthtyComore densely
populated areas (particularly in the Coastal and Bayshore communities that are essentiallyuhudte undergoing
significant redevelopment. Older buildings (built before current codes and standards were adopted) are being demolishe
and replaced with new buildings built to current codes and standards. This trend has been observed in Monmouth Coun
in recent years, and it has been exacerbated due to the recovery process from the devastating im@agisereform
Sandy This type of development in hazard areas is actually working to somewhat reduce overall vulnerabilities for thos
parcels due to the fact that the redeveloped structures are being built to higher codes and standards than the previou
structures had been.

In terms of conditions affecting vulnerability, redevelopment would likely offer some reduction in community vulnerability
with substantial improvements bringing pexisting building stock into compliance with current codes and standards,
thus offering acertain degree of protection from future events. Greenfield development, on the other hand (that
development that occurs on previously undeveloped parcels), is more likely to result in an increase in a community
vulnerability to the hazards because ipresents an increase in exposure of people and property.

Note that new construction must comply with more stringent building codes than those that existed in decades past
Therefore, any substandard housing units replaced by new units through infill or redevelopment would be required to b
built to higher codesind standards which in marmmases would incorporate various levels of disaster resistafgean
example replacing a preFIRM residential structure with a building elevated above the Base Flood Ele{g#igcould
increasecommunityresiliency and deease vulnerability. However, at the same time, when parcels are redeveloped with
higher value and larger structures (i.e. going from a-tvedroom cottage to a foubedroomhouse), these factors would
contribute to an increase in vulnerability at that same site. For the purposes of this planning level assessment, it h
generally been assumed that infill and redevelopment would not typically result in a significant inicreasemmunity's
overall vulnerability. This assumption should beskaluated by he County Planning Department based on pressang
conditions at the time of each future plan update.
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NATURAL HAZARDS
4.4 COASTAL EROSION

Coastal erosion is thathdward displacement of a shoreline causedtig forces of waves and currents. Coastal erosion

is measured as the rate of change in the position or horizontal displacement of a shoreline over a period of time. It |
generally associated with episodic events such as hurricanes and tropical storresstess, storm surge and coastal
flooding, but may also be caused by human activities that alter sediment transport. Construction of shoreline protection
structures can mitigate theazard butmay also exacerbate it under some circumstances.

All of Monmouth County's coastal jurisdictions are susceptible to the coastal erosion haxarging degrees depending

on the type of shoreline they contaifrollowing 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 experienc
significantly changing shorelines (moving landward and seawaud) td the effects of erosion, accretion, beach
nourishment and structural shoreline protectioneasures.

As can be seen in Figuded-1 most of Monmouth County's shoreline is classified as susceptible to coastal erosion
(including "beach" and "erodible" classifications). Coastal erosion in these areas, where coupled with densely develop
or significant recreational shorelines, are rowiy addressed through beach nourishm@nbgrams.
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Figure 4.41 NJDEP Shoreline Classifications for Monmouth County
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Figure 4.4- 1 NJDEP Shoreline Classifications for Monmouth Codihtigtrates the type of shorelines in Monmouth
County as classified by NJDE&ble4.4-1 Shoreline Types of Monmouth Counbelow details the types of shoreline,
their definitions, and the overall mileage of shoreline of that type in Monmouth County

Table 4.41 Shoreline Types of Monmouth County

Shoreline Type Description Mileage

Beach Waterfront areas comprised of 100 percent sand 36.8
Manmade structures at the water's edge, after ttigrap, which were designed to

Bulkhead . . 39.7
hold back water and protect the adjacent areas from erosion

Marsh Areas of natural marsh edge 6.4

Eathen Dike Sructures which serve as natural barriers between the land and the water 0.5

Eodible Any soft shoreline othe'r than beach, rock, marsh or earthen dike, which are 34.9
vulnerable at the water's edge.

Rock All riprap shorelines. 0.2

Total 118.32

Source: NJDEP, 2024
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The State HMP summarizes the number and type of NJDEP shoreline structures off the coastline of New Jersey along
Atlantic Ocean and Inland Bays (current as of 1998nmouth County is reported to have 0 breakwaters, 172 groins, 9
jetties, 1 revetment, and 11 seawalls. Although not identified in the 1993 State HMP or shown on the countywide ma
below, there are also many shoreline protection features located alonfylthremouth County shore that are designed to
reduce coastal storm and erosion hazards. These include hard structures such as jetties, groins, revetments, sea walls
breakwaters. Jetties and groins are protective structures (usually built from rock, evaahcrete) 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 bulkheadgiom, float unlike
bulkheads, they are located along the high beach line adjacent to the ocean, protecting property from ocean force:
Revetments are sea walls, which are surrounded on either side by rock or earth fill. A breakwater structure is a protecti\
barrier placed in the water, out in front oftearbor.

In addition to hard structures, some areas also feature coastal protection systems incorporating engineered dunes ar
beaches, which are maintained through regular scheduled maintenance and nourishment. Failure to continue thes
activities would result ilan increased risk of damage in many areas during coastal storm events, as the levels of protectio
are degraded. However, local government entities within Monmouth County and the State of New Jersey have been ve
active in cooperating with Federal goveramnt agencies to ensure that these activities continue to be implemented and
adequately maintained. These practices are encouraged and expectahtinue. Additionally, naturebased strategies

such as living shorelines protect shorelines from erosion while also preserving, enhancing, or creating habitat have se
success in Monmouth County as demonstrated by projects such as the Sylvan Lake RestoratasiliandeRProject.

Monmouth County contains 27 miles of Atlantic Ocean coastline and 26 miles of Raritan Bay coastline, all isf which
vulnerable to erosionln 1986, the Richard Stockton Collegm§talResearchCenter (CRCestablished the New Jersey
Beach ProfileNetwork (NJBPN) for the purpose of monitoring shoreline conditions along the coastline of New Jersey
bW.tb A& YIRS dzZLJ 2F o6SFOK LINRTFA{S aAadasSa rtz2y3a GKS {dal
are spaced approximately one madpart, with at least one site located in each oceanfront municipality. The dune, beach,
and nearshore areas are surveyed at each profile site twice a year, in the fall and spring, and are analyzed for seasotl
and multiyear changes (retreat or advanda)shoreline position and loss or gain of sand volume. Information from the
2016 and 2020 reports related to Monmouth Cayis included below .

There are 102 monitoring sites in Monmouth County that extend from the eastern beaches of the Raritan Bay to th
oceanfront shoreline of Sandy Hook and south to Manasquan Inlet-&ixgn of these sites were added in the Fall of
2017 to increase monitang capacity and because of the complexity of its shoreline. Monmouth County is considered to
be in good condition for volume and shoreline position when compared to the 1986 conditionBeddmalgovernment
stepped in post Hurricane Sandy and placed=ysiA TA OF yiG FY2dzyd 2F atkyR |f2y3
shoreline. Due to these efforts, over the 30 years between 1986 and 201Gotn&y survey sites have averaged a net
gain of sand volume and a shoreline advance average of 218 feet. (Richard Stockton College CRC, 2016). The ave
changes for all sites in the County was a shoreline advance and sand volume gain, which shows the béeefits o
nourishment work done in the study period (Stockton University CRC, 2021).

The NJ State HMP reports 33 instances of coastal erosion affecting Monmouth County from 1926(se2Uable 44-
2 Historical Incidents of Coastal Erosion in Monmouth Coyn8everof these events have occurred since the last version
of the plan was prepareih 2021
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Table 4.42 Historical Incidents of Coastal Erosion in Monmouth County

March 68, 1962 Nor@aster
October 28November 4, 1991 Nor@aster
September 226, 1992 Tropical Storm Danielle
December 1617, 1992 Coastal Storm
August 825, 1994 Hurricane Felix
December 226, 1994 Storm
January 78, 1996 Blizzard
July 13, 1996 Tropical Storm Bertha
February 49, 1998 Nor@aster
April 16, 2007 Nor@aster
August 27September 5, 2011 Hurricane Irene
October 29, 2011 Nor@aster
October 29, 2012 Superstorm Sandy
March 18, 2013 b2NRSIF adSNJ
January 23 30, 2015 Winter Storm Juno
Friday, October 02, 2015 b2 NS &aidSNJ
January 22, 24, 2016 Blizzard
March 14, 2017 b2NRSIF adSNJ
September 86, 2017 Hurricane Jose
March 67, 2018 b2NRSIF adSNJ
September 812, 2018 Tropical Storm Gordon
October 813, 2019 b2NQSFadSNk { dzod NB LA C
August 16, 2020 Tropical Storm Isaias
August 1417, 2020 Tropical Storm Kyle
September 1116 & 1823, 2020 Hurricanes Paulette and Teddy
December 1617, 2020 b2 NRSI ad SN
January 3%, February 2, 2021 b2NQDSF &GSNJ
May 28¢ May 30, 2021 b2 NS &4 SNJ
October 912, 2021 b2NDRSIF adSNJ
August 26&; September 1, 2021 Post Tropical Storm Ida
January 1617, 2022 Winter Storm
May 6¢ 11, 2022 Coastal Storm Event
September 2% October 5, 2022 Hurricane lan

Source: 2024 NJ State HMP
Some of the more recent notable events include:

January 68, 1996.The Blizzard of 1996 created erosion damage as a result of high winds and waves. Sand was scoul
away by the blizzard, leaving some locations vulnerable to future storms with the worst damage from Manasqual
southward. In Manasquan, the storm scoured veatly about four feet of beach for a 5800t stretch.

July 13, 1996As a result of Tropical Storm Bertha, Monmouth Beach suffered severe beach erosion. Fifty percent of th
beach at the south of the borough was gone. This beach is one of dozens in New Jersey that was being replenished ur
a USACE project. There wadditbeach erosion elsewhere.

4.0-17 4.0 RISK ASSESSMENT



HAZARD MITIGATION PLAN 2026

February 4, 1998The strongest n@aster 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 perce
of the new sand placed in a replenishment project west bs 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 228, 2011).Many Monmouth County communities were hard hit by this storm and suffered
significant beach erosion as waves washed ashore. Irene produced three to five feet of storm surge and brought torrenti
rain, which caused significant inland flooding due to theugd already being saturated from previous rainstorms. Several
roads and bridges were damaged as a resultarie, such as the Hubbard Ave where a water pipe and ripped apart the
pavement. Sea Gi& beach was erodeaind 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 erosio
including those with USACE beach nourishment projects.

Superstorm Sandy (October 29, 201®Jany 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 .
monitored beach sites showed evidence of sand volume losses (RiBtuukton College 2013). NO®National Centers

for Environmentallnformation (NCE) reports estimated that the average New Jersey beach became 30 to 40 feet
narrower. Despite early USACE estimates that 12 million gabiis 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
have occurred primarily in Monmouth and Ocean counties.

October 813, 2019b 2 NI SS$ubtroptcalBtorm Meliss®f the 105 areas surveyed, 82 were determined to have minor
beach or dune erosion, 15 had moderate beach or dune erosion and 8 had major beach or dune &torioouth
County was also especially hard hit, where towns like Sea Brighgaatsbf Long Branch had 25 feet of erosion

January 31 February 2,2021¢ KA &4 b2NRSFAGSN) KFR adzaidlAySR gAyRa ySIN
sea heighpeak of 23 feet. Tides reached minor to moderate flood stage levels due to astronomical tides, strong onshor
winds, and the proximity of the storm to the coast. Of the 81 sites surveyed, 54 were determined to have minor beach c
dune erosion, 18 had modate beach or dune erosion, and 9 had major beach or dune erosion.

Hurricane lan (September 29October 5, 2022)The storm resulted in a prolonged period of onshore winds, with gusts
near 60 mph and peak sea heights of 22 feet. All oceanfront and back bay Isgatiched minor flooding stages, with
ASOSNI f | LILINRPFOKAY3A Y2RSNIGS Ff22RAy3 RdzS G2 (GKS &aS0S
center to the coast. Of the 81 sites surveyed statewide, 63 had minor beach or dune erosion, 6derdtmbeach or

dune erosion, and 12 had major beachdone erosion. Erosion was greatest on the barrier islands, but Monmouth County
experienced substantial coastal erosion as well.

Coastal erosion remains a natural, dynamic and continuous process for Monmouth Qarodsgtal jurisdictiondt has
100% probability of occurring in the future along unhardened areas of the coast, though the frequency and extent depenc
on storm events, stabilization measures, dodgterm effects of climate change and sea level rise.
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The frequency and intensity of coastal storms and severe weather events is expected to increase in the future due
climate change. Hurricanes are likely to become more intense with igiegntemperatures. Coastal erosion rates are
likely to increase with rising sdavek.

Unlike other hazards, the coastal erosion hazard is best described as a relatively slow natural process occurring over
long term, with occasional major impacts wrought by episodic natural events such as hurricanes@asters. Another
complicating factor in accurately determining specific coastal erosion hazard areas is the continuous implementation «
shoreline reinforcement or nourishment projects completed by fedeBalte, and local government agencies. Typically,
areas of high concern with ragd to long term coastal erosion are addressed through shoreline hardening or stabilization
projects, such as seawalls, breakwaters and beach nourishment. The ability to continue successfully mitigating the effes
of coastal erosion hazards throughout Maouth County will therefore depend on regular shoreline monitoring and the
design and implementation of sigpecific solutions, as has been done inghset.

Built Environment,Infrastructure, Community Lifelines

Monmouth County and its jurisdictions have an active history of pursuing and implementing successful shorelin
protection strategies, particularly through the nourishment of critically eroding beaches and for areas in which property
is threatened by contined erosion. Due to these aggressively implemented beach nourishment projects and other
mitigating factors, it appears likely that buildings in coastal erosion hazard areas would be protected from the hazard fc
at least a foreseeable 3fear planning windw (through 2044). Average annual building damages directly attributable to
the erosion hazard have been considered to be negligible fopthposes of this riskssessmentassuming that these
ongoing beach nourishment and shorelirstabilization practices are expected to be maintained aggressively,
implemented on an ongoing basis, and encouraged to continue

Population and Economy

Death and injury are not typically associated with coastal erosion, as erosive processes along the coast occur over Ic
durations during which people in the affected areas have sufficient times to evacuate. However, after an erosion even
there can be aafety risk from the steep drop off in height if the area is not repaired. Coastal erosion can also represen
a major threat to thelocal economiesof coastalcommunitiesthat rely on the financial benefits of their recreational
beaches such as some jurisibns in Monmouth County.

Ecosystems and Natural Assets

Dunes beacheswetlands and other coastal ecosystear® an important natural resource for Monmouth County. They
help protectthe coast from storms and floodingrovide habitat forbirds, small mammals, reptiles, amphibians, and
insecs. Coastal erosion can impact a variety of natural systems including beaches, wetlands, marshes, and coas
habitats degrading their natural functions through loss of land, and conversion to open water. &ddiionally,
shoreline hardening, while preventing erosion, can also have ativegmpact on natural systems.

Development in coastal communities has the potential to impact vulnerability to coastal erosion. A growing populatior
creates a greater demand for land for housing, placing pressure on coastal and waterfront industries, recreation, ar
public access to theater (NOAA 20245hore communities also face development pressure from economic sources such
as tourismWhen development takes place along the shoreliegpeciallyin previouslyundeveloped areas, itan block
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the inland migration of wetlands in response of sea level rise and change the amount of sediment delivered to coast
areas acceleraing erosion Environmental Protection AgenciiPA, 2017).Development also has cumulative effects, for
example, the erection of a new dock or pier may have a small natural resource impact on its own, but if adjacent channe
are deepened to access the new pier, demand for more docksipporting infrastructure/developmenh nearby areas

may increase and cause more exteeswpacts (NOAA 2024).

Additionally, sme measures taken to prevent coastal erosion can unintentionally exacerbate it. The construction of
& K I NiBréline stabilization structures such as jetties and seawalls built to protect developimentthe sea can
cortribute to coastal erosion in other areaghese structuresan interfere with the natural flow afand andsediments

along the coastausing erosion in areas that are deprived of these sedim8aisie of these structures also redirect wave
energy to neighboring areas accelerating erosion.

Negative impactof developmentcan be mitigated byaking into account thenatural dynamics of the coastline and
implementing design strategies that minimize disruption to sediment transport and natural protective fedineraples
include each nourishmentdune restorati/ > YR a a2 F ¢ adl o Aiding shbrélinegREMAI2BRK y A ]

4.5 DAM FAILURE

A dam is any artificial barrier that has the ability to impound water, wastewater, or any -liquitce material, for the
purpose of storage or control of water (FEMA 202@3m failure is the collapse, breach, or other failure dém structure
that adversely impacts the dams ability to impound wat@an failure can result from natural events, humarduced
events, or a combination of the twdDam failures can result from one or a combination of the following reasons:

1 Overtopping caused by floods that exceed the capacity of the dam
Foundational defects including settlement and slope instability
Settlement and cracking of concrete or embankment dams

Inadequate maintenance and upkeep

= =_ = =1

Piping and internal erosion of soilémbankment dam¢ASDSO 2024)

TheNJDEP Dani3atabase has identified and classifietBlSate-regulated damsnd 17 other structures located within
Monmouth County NJDERIlassifiesiother structureg as dams that are less than five feet, have been removed, never
built, or failed. Of the 1B dams, 2 dams have been classified as havihiigh HazardPotential € meaning their failure

will likely cause losof life or extensive property damag®f the 1B dams, 15 dams have been classified as having
odgnificantHazardPotential € meaning their failure may cause significant damage to property and project operation, but
loss of human life is nqirobable This classification applies to predominantly ruagjricultural areas, where dam failure
may damage isolated homes, major highways or railroads or cause interruption of service of relatively important publi
utilities. The remaining@dams are classified @ow hazard potenti@ 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 failunet the condition, probability or risk of flaire itself.b W5 9t Qa f A aTableA a |
4.5-1 State-RegulatedDams and Other Structures in Monmouth Counypecific locations for atate-regulated dams

that have been geoeferenced formapping purposes are illustrated Figure4.51 StateReailated Dams and Other
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Structures in Monmouth County.Please note that all municipalities are not listed in the following table. Only
municipalities that that contai®ate-regulated dams are listed.

Figure 4.51 StateRegulated Damand Other Structuresn Monmouth County
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Table 4.51 StateRegulated Dams and Other Structures in Monmouth County

Jurisdiction Total High Total Significant Total Low Total Number of Other Structures
Hazard Dams Hazard Dams Hazard Dams DETNIS
Aberdeen, Township of 0 0 1 1 0
Allentown, Borough of 1 1 0 2 0
Asbury Park, City of 0 0 1 1 0
Brielle Boroughof 0 0 1 1 0
Colts NeckTownshipof 1 1 5 7 0
Eatontown Boroughof 0 0 1 1 0
EnglishtownBoroughof 0 1 0 1 0
Fair HavenBoroughof 0 0 1 1 0
Freehold Townshipof 1 0 7 8 2
Holmde| Townshipof 0 0 5 5 1
Howell Townshipof 3 0 9 12 2
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Jurisdiction Total High Total Significant Total Low Total Number of Other Structures
Hazard Dams Hazard Dams Hazard Dams BETNES

Long BrancfCityof 0 0 1 1 0
Manalapan Townshipof 1 1 10 12 3
Marlboro, Townshipof 0 0 5 5 0
Matawan Boroughof 2 0 0 2 0
Middletown, Townshipof 0 3 4 7 0
Millstone, Townshipof 1 1 5 7 0
Neptune Townshipof 0 0 4 4 1
Ocean Townshipof 0 0 4 4 2
Sea GirtBoroughof 0 0 1 1 0
Spring LakeBoroughof 0 0 1 1 0
Tinton FallsBoroughof 0 0 2 2 0
Upper FreeholdTownshipof 1 3 12 15 1
Wall, Townshipof 1 5 4 10 4
West LondBranch Boroughof 0 0 1 1 1
Monmouth County Total 12 15 86 113 17

Source: New Jersey Department of Environmental Protection, Bureau of Dam Safety and Flood Control

According to NJDEP, tieeare 26RI Y& @A GKAY a2y Y2dziK / 2dzy( &f théesk lfaur areNB
considered high hazard potentidhese include the Matawan Lake Dam and Lake Lefferts Dam, both located in Matawan
Borough, andwo dams on the Assunpink Creek, one in Millstone Township and the other in Upper Freehold Townshig
AllfourYdzy AOA LI t AGASAE | RRNBaa (KSaS RIYa Ay GKSANI YAGATL
HighHazard Potential Dam Grant Program as a potential funding source.

The magnitude of a dam failure event can be measured in terms of the classification of the dam. The NJDEP assigns
of four hazard classifications ®ate-regulated dams in New Jersey. The classifications relate to the potentmbioerty
damage and/or loss of life in the event of a dam failure:

1 Class | (Highlazard Potentialg Failure of the dam may result in probable loss of life and/or extensive property
damage.

1 Class Il (Significafitazard Potentialy, Failure of the dam may result in significant property damage; however,
loss of life is not envisioned.

1 Class lll (Lowazard Potentialy; Failure of the dam is not expected to result in loss of life and/or significant
property damage.

1 Class IV (Smdllam LowHazard Potentiak Failure of the dam is not expected to result in loss of life or significant
property damage.

Table 4.52 State Regulated Dams with High or Significant Hazard Potelisial information for alBate-regulated dams
in Monmouth County reported as having High (H) Hazard Potential or Significant (S) Hazard Potential. There are a tota
27 dams in the County classified as either high or significant hazard potential (12 dams are high hazard potehSal

4.0 RISK ASSESSMENT 4.0-22



HAZARD MITIVGATION PLAN 2026

are classified as significant hazard potentiaf the 27 high and significant hazard potential dams in the Coaht37

dams have completed an Emergency Action Plan (EAP), which according to the AssociatiomanS3atiety of Officials

is a written document that identifies incidents that can lead to potential emergency conditions at a dam, identifies the
areas that can be affected by thaeskof reservoir and specifies py@danned actions to be followed to minimize property
damage, potential loss of infrastructure and water resource, and potential loss of life because of failureoperaison

of a dam.

Additionally, 24 high hazard dams have submitted an Operations and Maintenance Plan (O&M), which according to D
is a formal document that provides guidance and instruction to project personnel for the proper operation and
maintenance of the reservoir ardam. All the higkhazard dams have been inspected within the last two years. For the
complete table of dams in Monmouth County, including information on the condition of each dam, refer to Appendix
Volume | Jurisdictional Information Vol. 56 Monmouth CiguDams (confidential version). Each of the nine municipalities
that have high hazard potential dams created mitigation actions to mitigate against dam failure (see Appendix Vol. |
Jurisdictional Information).

Table 4.52 StateRegulated Dams with High or Significant Hazard Potential

[ Jurisdicion | DamName | HazardPotental |  River/Steam |

' Monmouth County and | County and

Allentown, Boroughof Allentown Dam Doctors Creek

Allentown
Colts NeckTownshipof Swimming River Reservo H Robins Swamp Brook New JerseyAmerican
Dam Water Company
Monmouth County,
Freehold Townshipof Lake Topanemus Dam H aODSftf I ANR Freehold Borough,
Freehold Township
Howell Townshipof Echo Lake Dam H HaystaclBrookTR e Cour_lty, AT
Township
. Manasquan Reservoir . New Jersey Water Supply
Howell Townshipof Dam H Timber Swamp Brook Authority
Howell Townshipof Lake Louise Dam Branch of Haystack Brook Monmoﬁgvsnosuh?;y, alsicl

Manalapan Townshipof

Millhurst Lake Dam

Manalapan Brook

Monmouth County,
Manalapan Township

Matawan Boroughof

Matawan Lake Dam

Gravelly Brook

Monmouth County,
Matawan Borough

Matawan Boroughof

Lake Lefferts Dam

Matawan Creek

Monmouth County,
Matawan Borough

Millstone, Townshipof

Assunpink #18 Dam

Assunpink Creek

Division of Fish & Wildlife

Upper FreeholdTownship
of

Assunpink #4 Dam

Assunpink Creek

Division of Fish & Wildlife

Wall, Townshippf

Glendola Reservoir Dam

Robins Swamp Brook

New JerseyAmerican
Water Company

Monmouth County,
Allentown Water

Allentown, Boroughof Indian Dam Indian Run Department, Mercer
County
Colts NeckTownshipof Bucks Mill Dam Yellow Brook el Loy, Lol

NeckTownship

1IN ADDITION TO THE DAMS LISTED IN TABLEZ.REPRESENTATIVES OF WALL TOWNSHIP HAVE ALSO EXPRESSED CONCERN ABOUT THE BRICK RESERVOIR. WHILE THI:
DAM IS NOT CURRENTLY CONSIDERED A MAJOR DAM BY THE FEDERAL NID, OR A HIGH/SIGNIFICANT HAZARD DAM INTHE/ENATIRY, 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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Jurisdiction Dam Name Hazard Potential River/Stream

. . . Monmouth County,
EnglishtownBoroughof Englishtown Lake Dam S Matchaponix Brook Englishtown Borough
Manalapan Townshipof Manalapan Brook Pond S Manalapan Brook Monmouth County Park

Dam System
Middletown, Townshipof Upper Pond Dam S Nut Swamp BrookrR Craig A. Fine, Esq.
Middletown, Townshipof Navesink River Road Dar S Navesink RivefR Monmouth County
. . . Monmouth County,
Middletown, Townshipof Shadow Lake Dam S Quioley Creek Middletown Township
Millstone, Townshipof Perrineville Dam S Rocky Brook Monmouth County
Upper FreeholdTownship Red Valley Dam S Doctors Creek Monmouth County, Fin Fu
of & Feather Club
Upper FreeholdTownship Imlaystown Lake Dam S Doctors Creek Division of Fish & W|Id||f_e,
of UpperFreehold Township
;prper FreeholdTownship Assunpink #19 Dam S Assunpink Creek Division of Fish & Wildlife
. . Township of Wall, JIDE

Wall, Townshipof Old Mill Pond Dam S Wreck Pond Brook Spring Lake, LLC
Wall, Townshipof Hurley Pond Dam S WreckPond Brook Monmouth County,

’ Pleviers, Wall Township

Division of Parks and
Wall, Townshipof Brisbane Lake Dam S Mill Run Forestry, Monmouth
County
Wall, Townshipof Osborns Mills Dam S Wreck Pond Brook Monmouth Coqnty, wall
Township

Source: Newersey Department of Environmental Protection, Bureau of Dam Safety and Flooc?Control

According to NJDEPBureau of Dam Safety and Flood Control, New Jersey has not experienced any historic major da
failures but there have been an increasing number of small dam failures. This is largely attributed to the lack c
maintenance and inspection, as well as thetfdnat many of the dams in th&ate are nearingthe end of their design

life. Althoughnot catastrophicevents, Monmouth Countyhas experienced a number of small dam failure events that
have caused reported property damages. Notable events include the following:

July 1989According to the National Performance of Dams Program (NPDP) at Stanford University, the Holmdel Park De
located in Holmdel reportedly failed following heavy rains at the spillway culvert, but no associated property damage
were reported. Records indigatthat seepage piping (soil erosion) was involved in the failure, and the dam was
subsequently reconstructed.

October 1314, 2005.Monmouth County experienced a heavy rain event which brought several inches to the area in a
short amount of time. According to MEC this led to flooding on area creeks and rivers, which also caused minor dam
failures at several locations. Dams failed on both Spring Lake and Mill Pond, and Deal Lake overflowed, forcing t
evacuation of nearly 1,200 residents and a declared statenafrgency. The failure of a dam on Wreck Pond caused the
flooding of Spring Lake, Spring Lake Heiglea,&rt and Wall. A mandatory evacuation of Spring Lake was implemented
during the morning of the T In Wall, the cost of repairing the Wreck Pond Dam was estimated at $4.2 million. On the

2*DAM ALSO LISTED AS A "MAJOR" DAM IN THE USGS NATIONAL INVENTORY OF DAMS (NID). MAJOR DAMS ARE DESCRIBED AS 50 FERTHEROHIRER WITH A
NORMAL STORAGE CAPACITY OF 5,000 AEEET OR MORE, OR WITH A MAXIMUM STORAGE CAPACITY OF 25,006FEERDRVIORE.

4.0 RISK ASSESSMENT 4.0-24



HAZARD MITIGATION PLAN 2026

other side of the township, a dam breach on Mill Pond within Allaire State Park caused significant water damage and
roadway collapse in the Historic Village within the park, flooding the general purposes building.

Hurricane Irene 2011Earthen dams at Shadow Lake and Lake Lefferts failed, flooding roads and forcing the closure ¢
Hubbard Avenue in Middletown and Ravine Drive in Matawan.

Damfailuresarerare and hard to forecast future occurrence, however timeyrmallycoincidewith eventsthat causethem
suchasearthquakeslandslides, anéxcessiveainfall and snowmelt. Dam failures in New Jersey are often caused by heavy
rains or other precipitationThe 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 increasin
due to aging dam structures that may need a@por reconstruction. The NJDEPam Safety program serves to ensure
the safety and integrity of dams in New Jersey and, thereby, protect peoplprapérty from the consequences of dam
failures.

5FYa FNB RS&AAIYSR LI NLfe oFaSR 2y laadzyLliAzya | o2dz
weather patternsattributable to climate changean have significant effects on the hydrograph used for the design of a
dam.Annual precipitation in New Jersey is expected to increase by 4% to 11% by 2050 (NJDEP, 2020) which could influe
the hydrographs of many dammed rivers in tBate. As a result, it is conceivable that a dam could lose some or all its
entire designed margin of safetysalknown as freeboard. Loss of designed margin of safety may cause floodwaters more
readily to overtop the dam or create unintended loads. Such situations could lead to a dam failure.

Additional climate factors which could negatively influence dam performance include a possible increase in sediment
water flows due to more intense rainfall leading to soil erosion which can affect gate performance and routing capacity
Finally, compoud extremes can also increase the risk of cascading infrastructure failure since some infrastructure systerr
rely on others, and the failure of one system can lead to the failure of interconnected systems, such agmesitgr
infrastructure (NCA, 2038

Dam failure can impact the built environment downstream of the dam near the outfall including damage and destructior
of homes and businesses, as well as community lifelines such as transportation, energy, and communicatic
infrastructure.Given the lack of historical data on significant dam failure occurrences or the availability of inundation
maps for Monmouth County, it is assumed that while one major event may result in significant losses, annualizin
structural losses over a long periofltime would mat likely yield a negligible annualized loss estimate for jurisdictions
exposed to this hazard.

The general atisk population in the event of a dam failure would be located downstream of the dam within close
proximity of the outfall (most likely within one mile). Protection of human life through administration of proper emergency
notification and eacuation planning is crucial to minimizing social losses due to dam failure.

Dam failure can have a negative impact on local economy with potential losses caudestiogtion of infrastructure,
disruption to businesse&mpacts toagricultural landas well as cost and time intensive rebuilding and recovery efforts
following an event. Additionally, dam failure can affect water suppbgentially impactingwater-intensive industry or
goods production.
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Impacts to ecosystems and natural habitats because of dam failure inchiaiat destruction, erosion of riverbanks, loss
of aquaticbiodiversity, contamination of water sources with sediment and potentially hazardous mateénding on
any facilities with quantities of pollutants located within the inundation area.

TowsesPdzt YSNI oAfAGEe G2 RIY FlLAfdzZNBE Ay az2yYz2dziK /2dzyieés
and Planning Tool (RAP®)conduct a spatial analysaf each high hazard dam to vulnerable populations and critical
infrastructure within the planningare.y 2NRSNJ (2 | 44Saa GKS AYLI OG aBalysisk L.
tool was usedThe tool allows the user to create a buffeyne (or incident area) around an incideint this case, dam
failure, by setting an incident locatiorA five-mile buffer was sedcted to estimate the atrisk area.The tool identifies
critical facilitieswithin the buffer zone Additionally, the population counter tool was used whmiovides the estimated
number of people with a specific characteristic within a drawn shapeising the samB-mile buffer around the dam.

Table 4.53 Populations At Risk (PAR) and Critical Infrastructure WithinMite Radius of High Hazard Dasammarizes
the RAPT vulnerability assessment otw#lve high hazard dams within th€ounty. As shown irthe table Lake Louise
Damhas the most significant impact to PAR and critical infrastrudtitewed by Echo Lake Daand Lake Lefferts Dam.

Table 4.53 Populations At Risk (PAR) and Critical Infrastructure Withinldite Radius oHigh Hazardam
Population Population Population

Total

Dam Name Population with a Below_ Poverty Li_ving in
Disability Line Mobile Homes
Allentown Dam 46,111 8,248 4,401 1,919 489 68
Assunpink #18 Dam 38,301 6,348 2,976 1,435 93 31
Assunpink #4 Dam 55,096 9,212 4,694 2,635 380 66
Echo Lake Dam 190,391 18,614 12,144 34,588 1,543 552
Glendola Reservoir Dam 125,841 27,025 15,387 9,985 916 211
Lake Lefferts Dam 144,834 24,913 16,024 7,814 2,043 179
Lake Louise Dam 198,695 20,033 13,026 35,982 1,230 571
Lake Topanemus Dam 114,431 19,324 11,610 6,211 729 129
Manasquan Reservoir Dam 73,206 11,274 5,720 5,720 2,026 87
Matawan Lake Dam 141,394 24,286 15,817 7,653 2,288 184
Millhurst Lake Dam 80,907 13,054 8,068 4,418 714 94
Swimming River Reservoir Da 100,462 19,588 9,498 5,831 850 156

Source: FEMA RAPT

The best way to mitigate dam failure is through the proper construction, inspection, maintenance and operation of dams
as well as maintaining and updating Emergency Action Plans for use in the event ofald&n

lye RS@OSt2LIYSYyd ySIENI 2N R2gyaidNBlIY FTNRY | RFEY AyONBIl &
population and assets at risk from the hazard. This is especially true of development occurring near or downstream fro
a dam categorizeds high hazard potential. Additionally certain development activities especially those on previously
undeveloped land, suchsadeforestation can worsen the downstream impacts of a potential dam failure by amplifying
severityof a resultingflood.
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4.6 DROUGHT

A prolonged period of less than normal precipitation such that the lack of water causes a serious hydrologic imbalanc
Common effects of drought include crop failure, water supply shortages, and fish and wildlife mortality. High
temperatures, high windsgnd low humidity can worsen drought conditioasd make areas more susceptible to wildfire.
Humanwater demand and actionsanhasten or mitigate droughtelated impacts on local communities.

Droughts occur in all parts of tH@unty and at any time of year, depending on temperature and precipitation over time.
While arid regions of the United States are more susceptible toterg or extreme drought conditions, other areas such
as Monmouth County tend to be more susceptiblestmort-term, less severe drought#t is impossible to delineate a
drought hazard area for the County, but it is generally assumed that droughGCasiraty-wide hazard, with drought
conditions being possible in all geaghicareas.

Theseverityof 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 i
a localized area or regionakohage 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
well as intensity and duration. The fregncy 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 retur
period.

The Palmer Drought Severity Index (PDSI) in one of many available drought indices used to assess the extent of a dro
event. It was developed by Wayne Palmer in 1965 and indicates prolonged and abnormal moisture deficiency or exce
The PDSI tends teehused 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 weaRie&! drought classifications are based on
observed drought conditions andifwange from-0.5 (incipient dry spell) te4.0 (extreme drought). The PDSI also reflects
excess precipitation using positive numbers. The PDSI is the most effective in determinieyiorigoughts; but has
limitations in terms of use for shoterm forecasts Table 4.6-1 Palmer Drought Severity Index (PSIassifications
displays the Index values and corresponding severity.

Table 4.61 Palmer Drought Severity Index (PSDlassifications

PDSI Value ‘ Classification
4.0 or more Extremely Wet
3.0to 3.99 Very Wet
2.0t02.99 Moderately Wet
1.0t0 1.99 Slightly Wet
0.5t00.99 Incipient Wet Spell

0.49 t0-0.49 Near Normal
-0.51t0-0.99 Incipient Dry Spell
-1.0 to-1.99 Mild Drought
-2.0t0-2.99 Moderate Drought
-3.0t0-3.99 SevereDrought
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PDSI Value ’ Classification
| -4.0 or less ‘ Extreme Drought ‘
Source: USDA

To improve monitoring and measurement of drought severity from region to region within the State of New Jersey, NJDE
implemented a unique set of indices in January 26pécifically designed for the particular characteristics and needs of
the State. This new set of statewide indicators supplements the PDSI with the measurement of regional precipitatior
stream flow, reservoirevels, and groundwater levelEheSate has authority to order water use restrictions if necessary

to mitigate the risk of droughconditions New Jersey currently measures the status of each indicator as near or above
normal, moderately dry, severely dry, or extremely dfpr theSate, the severity of the drought is categorized, in order

of increasing severity, as the following:

9 Drought Watch: Indicates the JWERSs closely monitoring drought indicators, including precipitation, stream
flows, and reservoir and ground water levels and water demands. Under a drought watch, the public should begi
voluntarily cutting back on water usage. The CommissionBKIDEP is responsible for exercising fnergency
powers during a Drought Watch. Such remergency powers are used to develop alternative water supplies
where necessary, rehabilitate and activate interconnections between water systems, and transfersetiats b
different water systems.

1 Drought Warning: A drought warning condition may be designated by the CommissiohNeDBP as a nen
emergency response to managing available water supplies. Under a designated drought warning, the DEP m
order water purveyors to develop alternative sources of water and to transfer water around the State from areas
with relatively more wateto those with less. The aim of this stage of a response to drought conditions is to avert
a more serious water shortage that would necessitate declaration of a watergency and the imposition of
mandatory water use restrictions.

1 Water Emergency or Drought Emergency: There are four phases of water emergencies:
0 Phase I: Restricts water use for roommercial plants, cars, streets, hydrant flushing, etc.

o Phase HIl: Water is allocated and rationed. These restrictions are enforced when there is substantial
threat to public health.

o Phase IV: Considered a disaster stage where public water service is interrupted. Public health and safe
cannot be guaranteed and selective business and industrial closings are enforced.

According toNOAA NCE#4 recorded instances of drought conditions have affected Monmouth County between 1997
and April 2019, causing significant losses to agricultural crops. Four instances occurred since the last plan upda
Significant drought events in Monmouth County are detailed in the table bél@able 4.62 Past Drought Events in
Monmouth County).

Table 4.62 Past Drought Events in Monmouth County

Date Description

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 sever

October 1997 residents within the basin's31539 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 averagedusd five inches.
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Date Description

19981999

What began as unseasonably dry weather became a drought, which heavily impacted agriculture and water supplie
reservoir levels continued to fall, the Delaware River Basin Commission declared a drought warning in December 1
Also, in December, NJD&¢tlared a drought warning for the entiate. In late December, the Delaware River Basin
Commission declared Stage Two of its drought warning. In July 1999, Governor Christie Whitman declared a water
alert and called for residents to voluntiriconserve water by not watering lawns or washing cars. In Monmouth Count
drought emergency was declared, and odd/even essential watering restrictions were implemented. The drought fin:
ended as Tropical Storm Floyd dumped significant raiafaiunts across th&ate. Agricultural losses throughout the
state as a result of this long drought were estimated at $80 million.

October 200
October 2002

Unseasonably dry weather again turned to drought as precipitation levels fell short of normal levels. Continued dry
weather, the dropin stream flow and groundwater levels and the reduced levels in the New York State reservoirs
prompted NJDEP to upgradeetidrought watch to a drought warning for counties in the Delaware River Basin and sol
New Jersey in November 2001, including Monmouth County. By October 2002, a drought disaster was declared by
Department of Agriculture for several stateslimting New Jersey. Several rain events in October 2002 helped quench
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. R
returned to above normal levels in September but was too late to be helpful for farmers. Crops had already been da
by the combinabn 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 2
Mercer, Monmouth, Burlington, Ocean, Canmnd&loucester, Atlantic, Salem, Cumberland and Cape May Counties we
included in the declaration. This made farmers who suffered thirty percent or more direct losses to be eligible for lov
interest emergency loans from the Farm Services Agency. Loamsoom@r 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
August 2010 was the 15th driest August on record (datigk 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 sur
since 1966. At the Atlantic City International Airport, it was the fourth diesfust (1.09 inches) and fifth driest
meteorological summer (5.92 inches) orroed. In Trenton, it was the third driest August (0.80 inches) and fifth driest
meteorological summer (5.90 inches) m@tord.

September to
December 2015

After a wet start to the meteorological summer in June, the weather became progressively drier as the summer prog
into September, especially in the northeast part of Biate. The United States Drought Monitor reached moderate leve
in that part of theSate. The New Jersey Department of Environmental Protection issued a drought watch on the 23r
the northeast part of theSate and this included all or parts of Morris, Hunterd@omerset, Middlesex, Monmouth,
Mercer and Ocean Counties. The drought watch continued into December 2015 and was prompted by continued ra
deficits that have decreased reservoir, ground water and streamflow levels in the area. Signs of stresssoppéite
indicators started to occur. Drinking water supply indicators were showing signs of stress from the dry weather and
water demands, including stream flows and ground water levels, as well as declining reservoir storage in the New J
Water{ dzLJLJ & ! dziK2NAG&Qa { LINUzOS wdzy FyR alylaldady wSa&as
side effect of the dry weather was an expected smaller (in size) pumpkin crop. Farmers have had to endure increas
of water and electricityd irrigate their crops.

October 2016 to
April 2017

Drought conditions were the worst faced by New Jersey in 14 years. The &ateavas experiencing some level of

drought conditions at the height of the drought event in late November and early December, with nearly 38 percent
Sate experiencing severe drought conditions, 34 percent experiencing moderate drought, and 28 percent was abng
dry. NJDEP issued a Drought Warning for much of Northern and Central New Jersey due to the severity of this peri
drought.

September 2019
to October 2019

At the heigh of the drought event, 37 percent of tBate was experiencing moderate drought conditions. Salem Count
experienced drought conditions the longest, with parts of @einty under moderate drought for around a month.

July to December
2022

A statewide Drought Watch was instituted from early August to late December. September was the most severe mc
67 percent of theBate was under moderate drought conditions and an additional 29 percent were under severe drou
conditions during the first two weeks of the month

June 2024 to

A record dry spell led to driest conditions tBate has had in 120 years, with the southern half of 8#ete experiencing
the worst conditions. Monmouth County has been classified as experiencing moderate drought. The Manasquan Re

continuing in Howell Township dropped below 50% of capacity in November of 2024. As of the writing of this plaurtheis still
experiencing drought.
SourcelUSDA025
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Based upon risk factors for past occurrences, it is likely that droughts can occur across New Jersey in tMofuturath
County faces a low to moderate probability of severe drought conditions, though-wrantinstances of drought will
occur more frequently

Climate change is anticipated to increase the risk of drougtitergate due to factors including changes in precipitation
patterns and increases in temperature. Climate change is a major driver of changes in the frequency, duration, ar
geographic distribution of rainfaltlthough New Jersey is becoming wetter overall, it is also projected to experience more
frequent and severe drought Increases in temperature due to climate change has the potential to impact water supply,
thereby increasing drought risk

Droughts are slow onset hazards, but, over time, they can severely affect crops, municipal water supplies, recreation
resources, and wildlife. If drought conditions extend over a number of years, the direct and indirect economic impacts ca
be significah High temperatures, high winds, and low humidity can worsen drought conditions and also make areas mor:
susceptible to wildfire. In addition, human actions and demands for water resources can accelerate -tietatglit
impacts.

Built Environment Infrastructure, and Community Lifelines

Although dought typically has negligible impact dniilding stock andnfrastructure, it can present a challenge to
community lifelines. Water supply in tHéounty is serviced by public water systems that use groundwater wells, local
surface water supplies, and purchased surface water from other parts of&#ie. TheSate monitors groundwater
withdrawals for major operators. In addition, an unknown number of households rely on private WellsJersey
maintains a reaktime groundwater level monitoring system consisting of seven observation wells throughout the Sate.

The network, a coopeative between the USGSand NJOEP, uses satellite telemetry to provide observationsin four-hour
increments. Obsrvations are available on the USGS website at http://w ater.uscs.gov/nj/ nwis/ current/ ?type=gv. The
primary pupose of the network is to provide information regading the status of wells throughoutthe Sate and to
anticipate paential shatages(NDDEP 2002. Table 4.63 Total Number of Private Wellists the total number private
wells that NJDEP tracks as part of their private well progtisted by number of wells.

Drought affeds groundwater souces, but generally not as quicky as suface water supgdies. Groundwater suppies
gengally take longer to recover. Redwed predpitation during a drought meansthat groundwater supgies are not
replenished at anormal rate. Thiscan lead to aredudion in groundwater levels and problems sich as reduced pumping
capadty or wells going dry. Shdlow wells are more susceptible than deep wells. Redaedreplenishment of goundwater
affeds greams dso. Much of the flow in greams canesfrom gooundwater, espedally duing the summer whenthere is

less predpitation and after snavmelt ends. Reduced goundwater levels meanthat even less water will enter streams
when steamflows ae lowest. Please note that all municipalities are not listed in the following table. Only municipalities
private wells are listed.

Table 4.63 Total Number of Private Wells by Jurisdiction (NJDEP, 2019)

Howell Townshipof 1,277
Millstone, Townshipof 977
Colts NecKTownshipof 788
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Jurisdiction Number of Wells

Upper FreeholdTownshipof 584
Manalapan Townshipof 395
Freehold Townshipof 241
Marlboro, Townshipof 148
Wall, Townshipof 80
Middletown, Townshipof 38
Tinton FallsBoroughof 26
Holmde| Townshipof 19
Ocean Townshipof 11
Eatontown Boroughof 10
Fair HavenBoroughof 10
Freehold Boroughof 10
Interlaken Boroughof 10
Little SilverBoroughof 10
Neptune Townshipof 10
Oceanport Boroughof 10
RooseveltBoroughof 10
RumsonBoroughof 10
West Long BranciBoroughof 10
SourceNJDEP

Population and the Economy

Droughtimpacts are mostly experienced in water shortagesulting incrop losses on agriculturédndsand doesnot
typicallyresult indamages tdouildingsor population.To estimate land exposure to drought, agricultural land acreage was
acquired from land use classification data as provided by the Monmouth County Office”off@i 46- 4 Acreage of
Agricultural Land by Jurisdictiorand Expected Losseshows agricultural land acreage in Monmouth County
Approximately 14 percent of land in Monmouth County is used for agriculture, orchards, and nurtbersesproperties

are located in 25 of theCounty's 53 communities.The final colmn in the table displays th&xpected annualosses

6! ANA Odzf GdzZNBUO F2NJ S OK 2 dzNA a Ria aditian2oyecosoinit I05es b agiiculRIBwW&E O S R
could be potential economic impacts due to drouglatfects on recreational resources and wildlife.

Table 4.64 Acreage of Agricultural Land by Jurisdiction

Agricultural Land Expected annual

Jurisdiction Total Acres Percentage of Total

(Acres) Losses Agriculture
Aberdeen, Township of 3,588 14 0.40% $56.47
Allenhurst, Borough of 162 0 0.00% $
Allentown, Borough of 399 11 2.80% $210.86
Asbury Park, City of 955 0 0.00% $
Atlantic Highlands, Borough of 782 0 0.00% $-
AvonByTheSea, Borough of 292 0 0.00% $
Belmar, Borough of 888 0 0.00% $
Bradley Beach, Borough of 382 0 0.00% $
Brielle, Borough of 1,521 0 0.00% $
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Percentage of Total

Expected annual
Losses Agriculture

Colts Neck, Township of 20,713 3,600 17.40% $15,159.81
Deal, Borough of 759 0 0.00% $
Eatontown, Borough of 3,765 16 0.40% $
Englishtown, Borough of 373 9 2.50% $7,519.65
Fair Haven, Borough of 1,345 0 0.00% $
Farmingdale, Borough of 338 10 3.10% $0.12
Freehold, Borough of 1,249 2 0.10% $4,039.51
Freehold, Township of 24,673 2,662 10.80% $8,283.68
Hazlet, Township of 3,682 16 0.40% $33.78
Highlands, Borough of 463 0 0.00% $
Holmdel, Township of 11,419 1,761 15.40% $5,283.80
Howell, Township of 39,425 4,359 11.10% $15,952.71
Interlaken, Borough of 247 0 0.00% $-
Keansburg, Borough of 748 0 0.00% $-
Keyport, Borough of 937 0 0.00% $
Lake Como, Borough of 158 0 0.00% $
Little Silver, Borough of 2,133 9 0.40% $
Loch Arbour, Village of 77 0 0.00% $
Long Branch, City of 3,408 0 0.00% $
Manalapan, Township of 19,777 3,191 16.10% $7,339.82
Manasquan, Borough of 983 0 0.00% $
Marlboro, Township of 19,676 1,850 9.40% $3,297.91
Matawan, Borough of 1,510 0 0.00% $-
Middletown, Township of 25,829 982 3.80% $1,117.53
Millstone, Township of 23,910 6,279 26.30% $14,630.46
Monmouth Beach, Borough of 1,243 0 0.00% $
Neptune City, Borough of 563 0 0.00% $
Neptune, Township of 5,642 21 0.40% $39.21
Ocean, Township of 7,023 24 0.30% $304.09
Oceanport, Borough of 2,431 12 0.50% $14.46
Red Bank, Borough of 1,374 0 0.00% $
Roosevelt, Borough of 1,251 323 25.80% $8,486.13
Rumson, Borough of 4,555 15 0.30% $-
SeaBright, Borough of 651 0 0.00% $-
Sea Girt, Borough of 675 0 0.00% $
Shrewsbury, Borough of 1,404 12 0.90% $
Shrewsbury, Township of 62 0 0.00% $
Spring Lake, Borough of 902 0 0.00% $
Spring Lake Heights, Borough of 840 0 0.00% $
Tinton Falls, Borough of 9,965 249 2.50% $619.86
Union Beach, Borough of 1,210 0 0.00% $
Upper Freehold, Township of 30,134 16,660 55.30% $94,743.24
Wall, Township of 19,829 1,273 6.40% $3,608.26
West Long BranciBorough of 1,842 18 1.00% $
Monmouth County 308,162 43,378 14.00% $190,741.37
Source: Monmouth County Office of GIEMA NRI
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Ecosystems and Natural Assets

Long periods without precipitation can alter the delicate balance of ecosystexamples of drought impacts to ecological
systems may include reduced plant growth, local species reduction or extinctiorgradsthpdevel transitionsDrought
impacts to ecological systems may diminish the resources and services provided by those systems, including wa
filtration and quality wildlife habitat, and sufficient water levels for recreation, tourism, angbonderance ofquatic
speciesThe vulnerability of natural systems to withstand or adapt to drought disturbances depends on tlitgvig g

the system, exposure to the hazard, and capacity to adapt and recover

5SSt 2LIYSyd KIFa (GKS LRGSYyuAalrt G2 AyONBFrasS | O2YYdzyAide
can increase water demand putting increased stress on existing water resources. In addition to residential developmer
water intensive ges such as industrial development or data centers can increase demand for water as well. Increases
impervious surfaces can lessen the ability of groundwater and surface water supplies to recharge by reducing infiltratic
of rainwater into the soil.

4.7 EARTHQUAKE

An earthquake is audden, rapid shaking of thearth caused by the breaking and shifting of rock beneath the surface.
This movement forces the gradual building and accumulation of energy. Eventually, strain becomes so great that tt
energy is abruptly released, causing the shaking at the earth's sunfaicd we know as an earthquake. Roughly 90
percent of all earthquakes occur at the boundaries whexonicplates meet, although it is possible for earthquakes to
occur entirely within plates

The greatest earthquake threat in the United States is along tectonic plate boundaries and seismic fault lines located
the central and western states; however, the East Coast does face moderate risk to less frequent, less intense earthque
events. Generally, earthquake epicenteis North Americaarea occur on known faultsa result oftectonic activity
occurringmore than 200 million years agbdhere are many faults in New Jersey; however, the Ramapoisalé most
significant, located in the northra portion of theSate.

The probability of significant, damaging earthquake events affecting Monmouth County Bi¢mure 47-1 below shows

the Seismic Hazard for New Jers&kie seismic hazard is measured as the peak ground acceleration (PGA) th& has a
percentchance of being exceeded in 50 yearsganual probability of 0.000404For Monmouth County this lies between

10 and 14, depending on the location, with northern Monmouth County having a greater seismic hazard than the soutt
An earthquake with PGA of ZD%g would b felt by people and sy cause mineto-moderate damage in wetesigned
buildings, withpotential higher levels of damage in poorly designed buildidgsording to the United States Geological
Survey (USGS), an earthquake with a 10 percent probability of exceedance over 50 years would have PGA values betv
4%g and 5%g, which would result in light to moderate perceived shaking and damages rangingrfeoto very light.
Further discussion of PGA is found later in this section.
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Figure 4.71 Seismic Hazard for New Jersey

US Seismic Hazard
2% in 50 Years PGA

Seismic Hazard

Source: NJ SHMP, 2024
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Earthquakes are measured in terms of their magnitude and intensity. Magnitude is measured using the Richter Scale,
openended logarithmic scale that describes the energy release of an earthquake throogtasure of shock wave
amplitude. Each unit increase in magnitude on the Richter Scale corresponds-old iitrease in wave amplitude, or

a 32fold increase in energy. Intensity is most commonly measured using the Modified Mercalli Intensity (MMl) Scal
based on direct and indirect measurements of seismic effects. The scale levels are typically described using rom
numerals, with a | corresponding to imperceptilflastrumental) events, IV correspondingto moderate (felt by people
awake),to Xll for caastrophic (total destruction). A detailed description of the MMI Scale of earthquake intensity and
its correspondence to the Richter Scale is givefainle 47-1 Magnitude/Intensity Comparison for Earthquakes.

Table 4.71 Magnitude/Intensity Comparison for Earthquakes
Typical
Maximum
Magnitude Modified Abbreviated Modified Mercalli Intensity Scale

Mercalli
Intensity

1.0-3.0 I I. Not felt except by a very few under especially favorable conditions.

Il. Felt only by a few persons at resspecially on upper floors of buildings.

Il. Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many people do not rec
it as an earthquake. Standing motor cars may rock slightly. Vibrations similar to the passing of a truck. Dura
estimated.

IV. Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, windows, doot
disturbed; walls make cracking sound. Sensation like heavy truck striking building. Standingarotocked
noticeably.

3.0-3.9 -1

4.0-4.9 V-V

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

VI. Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. Damage sli¢

5.0-5.9 VI-VII
VIl. Damage negligible in buildings of good design and construction; slight to moderateuiwelidinary

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

VIIl. Damage slight in specially designed structures; considerable damage in ordinary substantial buildings
6.0-6.9 VII-1X partial collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks, columns, monumg
walls. Heavy furniture overtued.

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

VII. Damage slight in specially designed structures; considerable damage in ordinary substantial buildings v
partial collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks, columns, monumg
walls. Heavy furniture overtued.

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

X. Some webuilt wooden structures destroyed; most masonry and frame structures destroyed with foundati
Rails bent.
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XI. Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent greatly.

XIl. Damage total. Lines of sight and level are distorted. Objects thrown into the air.
Source: US Geological Surveyp(//earthquake.usgs.gov/learn/topics/mag_vs int.phpage last modified September 29, 2014)

Modern intensity scales use terms that can be physically measured with seismometers, such as the acceleration, veloc
or displacements (movement) of the ground. The most common physical measure is PGA. PGA expresses the severit
an earthquake and i@ measure of how hard the earth shakes, or accelerates, in a given geographic area. PGA is express
as a percent acceleration force of gravity (%g). For example, 1.0%g PGA in an earthquake (an extremely strong gro
motion) means that objects accelerat@leways at the same rate as if they had been dropped from the ceiling. 10%g PGA
means that the ground acceleration is 10% that of graiigmage levels experienced in an earthquake vary with the
intensity of ground shaking and with the seismic capacity of structures, as notet)lm47-2 below.

Table 4.72 Damage LevelBxperienced in Earthquakes

Ground Motion Percentage ‘ Explanation of Damages
1-2%g Motions are widely felt by people; hanging plants and lamps swing strongly, but damage levels, if any,
usually very low.
Below 10%g Usually causes only sligtimage, except in unusually vulnerable facilities.
May cause minato-moderate damage in wellesigned buildings, with higher levels of damage in poorly
10-20%g designed buildings. At this level of ground shaking, only unusually poor buildings would be subject to
potential collapse.
May cause significant damage in some modern buildings and very high levels of damage (including cc
20-50%g in poorly designed buildings.
X p E: 3 May cause higher levels of damage in many buildings, even those designed to resist seismic forces.

SourceNJ SHMP, 2024

Earthquakes occur onragularbasis in New Jersey, though most are of very low magnitude (MMI intensity of lesd)than
and often not felt or capable of causing property damage. According to the New Jersey Geological Survey, there have be
218recorded earthquakes in New Jersey since 1783, includimgith epicenters located in Monmouth County (as shown

in Figure 47-2 Historic Earthquake Epicenters in Monmouth Couptiiowever,due to the nature of the hazard,

New Jersey'ssusceptibilityto earthquakesextendsto events located beyond Sate borders, and some of the most
damaging earthquakeis the Sate were associated with larger, more significant events occurring elsewhere along the
East CoasMost past earthquake damage in New Jersey has ldeemageto building contents and architectural damage
such as fallen chimneys, cracked plaster and masonry, and items falling off shelves. Some of the more notable earthqui:
events(those with a magnitude of 4.00 or highdor the New Jersey region are identified Tiable 47-3 Significant
Earthquake Epicenters iand around Monmouth County
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Figure 4.72 Historic Earthquake Epicenters and aroundMonmouth County

Historic Earthquake Events In or DR
Keyport B h eansburg o
Near Monmouth County Borough _ 1'0 Borough ATLANTIC L
4 3 . & OCEAN L Sandy Hook
Transportation Routes ~ Boundaries and Features ‘o O\ . v ) andy Hoo
Rk -
e £ A S \ \ 7 & s (U} \
—— Garden State Parkway |_ _ ! Municipal Boundaries Matawan : AN Sy ~.  Atlantic Highlands ;|
. = Borough >/ Hazlet@ - ~ Borough f II
—— |nterstate Highways Department of Defense . Townshlp ) Pa xl,"
: ; 36 . Yy ;
State Routes National Park Service @ Aberdeen 4 Yo~ Highlands
County Routes Water fowetl R G
‘3
'
=~ —— RailLines selection Streams Middletown -
\Township o g
® NJTransit Rail Station )
3 \  Rumson .
7 . ,‘Falr Haven BGiough il Sea Bright
A X —/ " Borough- W : Borough
Epicenter and Magnitude ol e it Lt W
Engllshtor\:vn \ ship - . ;2 Silver = &) j ___Monmouth Beach
® 01 ECiovg 4, mtyay ~ ShrewsburyBOfOUgh ko Boroughy
ok N E:
@ 1-2 / Dencrt’ Borough)- - Oceanport Borough
Shrewsbury/.,-)\ .
@ 2-3 TOW"‘Sh'p 84 5\( I\Long Branch
Colts Neck {' |Eatontown 53¢ l City
. 3-4 \ Township L v Borough ' ! West Long Branch
5Y Manalapan | . \ ol, i) 0 B h
: \ N B _Borougl
‘ 4+ / Township  / 7 @ | )"‘—v’v J 2
// \\ / XFreaholl s s ( II N Deal‘Borough
A . cchoid ~ = arle Base.
Mercer County Roosevelt l——v/ N (33 e B\orough -~-""~-r-.,_/’> ! Ogean / Loch Arbour
Borough ‘ N i AN R | Township / Village
NG W II I " [ Tinton Falls/_ Interlaken " 4
AN \ SR : J Borough ~~Borough = “hdd Asbury Park
\ reeho . 2 N8 Al City
L Y Mo oz Township // Farmmgd:le e b Neptune o ./
Al 4 N Townsfi \)/ Pl Boroug| : o~ Townshlp b 4 Bradley Beach
Borough // \‘ A \D A ‘/ % -,-; | N "'\':‘ / Borough
4 by 1 Y P -
// \‘ 7 I‘ pib s | Neptune‘Clty _j\Avon-by-the-Sea
(\, g ¥ \ Howell 1 Bomugh\ gl / Borough
& f \ Township I ¥ !
\ v = \ g R i I :\;7/\\Belmar Borough
)
\ Upper \ % [ Lake Como
\ Freehold \ 2 Borough
i e
M Township y - Spring Lake
\ ] Borough
-
@ pr Spring Lake Heights
Zz N Borough
7z 4 )
- ~ l\ Sea Girt
! z Borough
Burlington '\ 7 gcean County
- Manasquan
COUﬂty \'/ Borough
0 13,750 7,500 41,250 Brielle
US Feet . Borough

Table 4.73 SignificantEarthquakes Felt in the New Jersey Region

. Richter o
Date Location Description
12/19/1737 Greater NY@rea 5.20 Chimneys down in New York City. Felt from Boston, tMRhiladelphia, PA.
North-Central New Felt from New Hampshire to Pennsylvania. Two foreshocks (11/24 and 11/30) a
11/30/1783 5.30 . !
Jersey one aftershock (11/30); threw down chimneys.
08/10/1884 Greater NYC Area 5.20 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 lomgyrow elliptical zone of about
. . 92,000 square kilometers. Articles fell from shelves and buildings rocked (intens
LAt Near High Bridge, Ny 7.70 VI) in several Hunterdon County towns. The shock was fairly sharp at Camden &
Burlington. At Philadelphia, Pennsylvania, broken windowes@verturned crockery
were reported.
10/19/1985 Ardsley, NY 4.00 Many people in the NYC area felt this earthquake.
A moderate earthquake occurred in central Virginia and was felt throughout mos
8/23/2011 Central Virginia 5.80 the east, from Georgia to southern Canada and from Indiana to coastal Maine. I
followed by four aftershocks. In New Jersey, the intensity ranged from one to fou
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. Richter o

(weak to light). Areas underlain by thick silt and clay felt a stronger ground motic
than did those where rock was very close to the surface. The quake was felt in $
Brunswick and residents were calling 911 wanting to know what happened; som
thoughtit was an explosion. It was also felt in the offices of Alelatielent in Murray

Hill (Union County). Ceiling tiles fell out at a Sears store in Middletown. In Plainf
(Union County), employees in the Park Madison building were evacuated after t|
tremor. Union County's administration building in Elizabeth reported continuous
shaking. In New Brunswick (Middlesex County), employees were evacuated fror
County administration building. Atlantic City (Atlantic County) went into emergen
mode with evacuabns 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
a building. There were minor scattered power outages reported throughout the

Sate.
This earthquake was the strongest reported in New Jersey since at least 1783. 7
7.7 km ESE of Califol earthquake had relatively minor impact, with no major damage reported. Minor
4/5/2024 4.8 - .
NJ damage to sewage and gas pipes were reported irhte as wellas some damage

to buildings in New York.

Source: 2P4 State HMP

Earthquakes cannot be predicted and may occur any time of the day or year. The probability of damaging earthquak
affecting New Jersey is low. However, theredegfinite threat of major earthquakes that could cause widespread damage
and casualties in New Jersiegluding Monmouth CountyMajor earthquakes are infrequent in the State and may occur
only once every few hundred years or longer, but the consequencasr@or earthquakecould be very high. For the
purposes of this Plan update, the probability of future occurrences for earthquakes is defined by the number of event
over a specified period of time. the entire historical record was consuatatitherehave been zero earthquakeelated
disasters declared for New Jersey. The historical record indica@sa2thquakes recorded for New Jersey from 1783 to
2024.

The potential impacts of global climate change on earthquake probability are unknown. Some scinjigtstthat
melting glaciers could induce tectonic activity. As ice melts and water runs off, tremendous amounts of weight are shifte
2y (GKS 91 NIKQa ONMzAGP ! a vy S égladier shaps, § ¢ouldrhisesséismiPlataiziodglip and 2
stimulate volcanic activity according to research into prehistoric earthquakes and volcanic activity. National Aeronautic
and Space Administrath (NASA) and USGS scientists found that retreating glaciers in southern Alaska might be openir
the way for future earthquakes.

Additionally, econdary impacts of earthquakes could be magnified by future climate change. Soils saturated by repetitiv
storms could experience liquefaction during seismic activity because of the increased saturation. Dams storing increas
volumes of water from changen the hydrograph could fail during seismic events. There are currently no models available
to estimate these impacts.

Built Environment, Infrastructure and Community Lifelines
Because earthquakes often impact large areas and cross jurisdictional boundaries, all existing and future building
facilities and populations are considered to be exposed to this hazard and could potentially be impsantgdouildings
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in Monmouth Countywere built without seismic design provisionscreasing potential vulnerability in the case of an
event.

To assess the vulnerability of Monmouth County to earthquakes, probabilistic scenarios of various potential events wel
created using HAZLI8H. HAZUS/H default ground shaking data, inventoapd damage functions, and methodology
was used to determine the potential estimated losses for-1600, 1000, and 2508year frequency events and annual
expected loss at the census tract level, as well as exceeding probability cliabés.47 - 4 Peak Ground Acceleration
(Ground Motion) for 100 and 500Year Eartiquake Eventdists the expected PGA for 1:08nd 500year earthquake
events by jurisdictionit should be noted that some municipalities have no output in the HAZUS analysis. HAZUS output
earthquake analysis to the Census tract level, and in order to aggregate the data to the municipal level, a spatial join
completed using centroidg.hus, ifasingletract contains area in t@ municipalities, the data may not get captured in one
jurisdiction, depending on the location of the tract centroid.

Table 4.74 Peak Ground Acceleration (Ground Motion) for 2:0dhd 506Year Earthquake Events

Aberdeen, Township of 0.0446 0.2236
Allenhurst, Borough of - -

Allentown, Borough of 0.0093 0.0424
Asbury Park, City of 0.0506 0.2394
Atlantic Highlands, Borough of 0.0085 0.0431
AvonByTheSea, Borough of 0.0081 0.0385
Belmar, Borough of 0.0165 0.0779
Bradley Beach, Borough of 0.0162 0.0770
Brielle, Borough of 0.0088 0.0398
Colts Neck, Township of 0.0276 0.1322
Deal, Borough of 0.0092 0.0433
Eatontown, Borough of 0.0282 0.1351
Englishtown, Borough of 0.0096 0.0454
Fair Haven, Borough of 0.0092 0.0448
Farmingdale, Borough of 0.0092 0.0430
Freehold, Borough of 0.0376 0.1774
Freehold, Township of 0.0655 0.3090
Hazlet, Township of 0.0362 0.1808
Highlands, Borough of 0.0176 0.0876
Holmdel, Township of 0.0256 0.1289
Howell, Township of 0.0898 0.4163
Interlaken, Borough of = =

Keansburg, Borough of 0.0195 0.0959
Keyport, Borough of 0.0176 0.0894
Lake Como, Borough of 0.0086 0.0397
Little Silver, Borough of 0.0091 0.0444
Loch Arbour, Village of - -

Long Branch, City of 0.0750 0.3554
Manalapan, Township of 0.0753 0.3588
Manasquan, Borough of 0.0177 0.0802
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Marlboro, Township of 0.0736 0.3583
Matawan, Borough of 0.0194 0.0951
Middletown, Township of 0.1356 0.6723
Millstone, Township of 0.0182 0.0850
Monmouth Beach, Borough of 0.0086 0.0423
Neptune City, Borough of 0.0086 0.0405
Neptune, Township of 0.0764 0.3610
Ocean, Township of 0.0617 0.2936
Oceanport, Borough of 0.0092 0.0443
Red Bank, Borough of 0.0371 0.1804
Roosevelt, Borough of - -

Rumson, Borough of 0.0173 0.0854
Sea Bright, Borough of - -

Sea Girt, Borough of 0.0089 0.0409
Shrewsbury, Borough of 0.0093 0.0451
Shrewsbury, Township of = -

Spring Lake, Borough of 0.0086 0.0398
Spring Lakéleights, Borough of 0.0179 0.0822
Tinton Falls, Borough of 0.0372 0.1771
Union Beach, Borough of 0.0095 0.0470
Upper Freehold, Township of 0.0089 0.0412
Wall, Township of 0.0528 0.2442
West Long Branch, Borough of 0.0188 0.0892

SourceHAZUSVIH

Earthquakes with higher levels of PGA cause more damage but have a low probability of occurrence. Converse
earthquakes with low PGA levels such as those which could potentially impact Monmouth County, have a highe
probability of occurrence but would &y cause negligible to minor damage due to light shaking. In comparison to PGA
levels above 0.25g which can cause strong to violent shaking and major damage, expected PGA levels for Monmo
County will likely only cause negligible to light shaking andigiblg to minor damage. Estimated losses for a-g6ar
earthquake event in Monmouth County are considered to be negligitdble 47 - 5 Estimated Potential Losses From
500, 1006, and 2500year Earthquake Eventshows estimated potential losses for 500000, and 2506year events as
estimated using HAZLINBH as well as EAilcalculated from these numbers.

Table 4.75 Estimated Potential Losses From 500000, and 2500year Earthquake Events
Potential Total Building Losses

Jurisdiction i
50 arEvent 1000-Year Event 2500 Year Event Expectlt_egsl-s\gguahzed

Aberdeen, Township of $1,709.88 $7,033.13 $32,420.38 $48.81
Allenhurst, Borough of - - - -

Allentown, Borough of $403.84 $1,319.72 $4,813.07 $7.55
Asbury Park, City of $1,296.66 $5,083.67 $22,947.94 $34.72
Atlantic Highlands, Borough of $358.68 $1,596.06 $8,025.60 $11.95
AvonByTheSea, Borough of $184.02 $786.79 $4,001.32 $5.97
Belmar, Borough of $742.68 $2,934.57 $13,611.24 $20.54
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Jurisdiction

Potential Total Building Losses

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
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
Manasqguan, Borough of
Marlboro, Township of
Matawan, Borough of
Middletown, Township of
Millstone, Township of
Monmouth Beach, Borough of
Neptune City, Borough of
Neptune, Township 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

4.0-41

500-YearEvent 1000-Year Event 2500 Year Event Expectﬁgségguahzed

$332.13
$1,161.96
$2,925.11
$1,019.58
$5,452.82
$595.16
$1,048.46
$351.89
$2,664.28
$11,921.71
$2,972.03
$514.70
$2,760.30
$11,317.38
$1,479.82
$619.88
$197.08
$1,396.81
$6,950.53
$9,696.21
$1,674.17
$10,351.14
$1,785.29
$11,299.01
$3,210.38
$298.90
$1,078.56
$4,202.60
$4,714.30
$1,204.11
$3,994.68

$961.06
$834.54
$1,993.15
$753.71
$865.18
$5,227.27
$854.00
$2,361.98
$7,114.37

$1,405.41
$3,961.48
$10,726.31
$3,706.84
$19,485.00
$1,998.94
$3,958.23
$1,224.52
$9,103.25
$41,872.12
$11,228.84
$2,105.10
$11,740.30
$39,504.95
$5,181.20
$2,738.02
$724.49
$5,356.33
$24,346.38
$34,189.71
$5,747.98
$38,569.02
$6,479.32
$43,740.80
$11,600.69
$1,338.32
$3,957.45
$15,833.78
$17,536.89
$4,402.30
$14,365.72

$4,224.34
$2,958.55
$7,107.97
$2,815.48
$3,065.97
$18,479.09
$3,255.26
$8,663.83
$25,685.53

$7,077.76
$15,441.74
$43,409.85
$15,123.67
$75,165.79
$7,324.80
$16,691.82
$4,677.23
$34,284.52
$161,237.33
$47,182.08
$9,829.59
$56,009.56
$153,472.95
$19,676.75
$13,403.87
$3,033.41
$22,754.06
$93,387.93
$132,774.26
$22,357.78
$158,715.53
$25,375.24
$188,701.78
$46,458.87
$6,855.52
$16,178.49
$67,296.96
$73,356.84
$17,721.25
$55,860.43

$21,464.30
$11,945.56
$27,618.03
$11,976.68
$12,369.54
$71,606.71
$13,331.30
$34,985.42
$103,747.37

$10.57
$23.94
$66.62
$23.21
$116.14
$11.45
$25.47
$7.25
$53.33
$249.58
$72.00
$14.79
$83.93
$237.50
$30.51
$20.01
$4.64
$34.65
$144.64
$205.28
$34.65
$242.90
$39.10
$286.78
$71.46
$10.20
$24.81
$102.62
$112.13
$27.22
$86.19

$31.97
$18.39
$42.65
$18.27
$19.05
$110.70
$20.37
$53.70
$159.48
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Potential Total Building Losses

Jurisdiction i
500-YearEvent 1000-Year Event 2500 Year Event Expectﬁgsi\gguahzed

West Long Branch, Borough of $3,202.35 $11,139.86 $42,409.35 $65.78
Monmouth County $138,054.36 $504,279.51 $2,048,111.49 $3,143.46
Source: HAZUJ8H

Population and Economy

The entire population is assumed to have equal vulnerability to earthqualkésnmouthCounty. The degree of exposure

is dependent on many factors, including the age and construction type of the structures people live in, the soil types the
homes are constructed on, and their proximity to fault locatidéarthquakes have the potential to impact economies at
both the local and regional scale. Losses can include structural andtnanural damage to buildings, loss of business
function, damage to invewry, relocation costs, wage loss, and rental loss caused by the repair and replacement of
buildings. Roads that cross earthqugk®ne soils have the potential to be significantly damaged during an earthquake
event, potentially impacting commodity flows.dditionally, economic loss includes business interruption losses
associated with the inability to operate a business because of damage sustained during an earthquake, as well
temporary living expenses for those displaced.

Ecosystems and Natural Assets

Earthquakes can impact damage or disturb ecosystems, negatively affecting plant and wildlife. In addition, seconda
hazards suclandslides, mudslides, slope failure, dam failures, and tsunamibetaiggered by earthquake eventsvhich
can be harmful to the environment as well.

4.8 EXTREME TEMPERATURES

According to FEMA xereme heat and extreme cold constitute different conditions in different parts of the country.
Extreme cold can range from near freezing temperatures irsthehern United States to temperatures well below zero

in the northern states. Similarly, extreme heat is typically recognized as the condition where temperatures consistentl
stay ten degrees or more above a region's average high temperature for an edtgmdiod. Fatalities can result from
extreme temperatures, as they can push the human body beyond its limits (hyperthermia and hypothermia).

Monmouth County is located in a region of the country that is susceptible to both extreme heat and extreme cold. Durin
periods of extreme temperature conditions, the effects are felt over a widespread geographic area and it is generall
assumed that the mtire 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 windpeed.

The speed of onset of extreme temperature events typically offers 24 hours of warning time. The duration of histori
events in Monmouth County is typically less than one week. The extent of extremely cold temperatures is typicall
measured through the Win@hill Temperature (WCT) Index. The WCT Index provides a formula for calculating the dangel
from winter winds and freezing temperatures. It is, essentially, a calculation of the temperature that is felt when the
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effects ofwind speed are added to the base air temperatufggure 48-1 NWS Wind Chill Indegzhows the NOAA NWS
Wind Chill Chart

Figure 4.81 NWS Wind Chill Index
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Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V%6) + 0.4275T(V%16)
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 calthdatiesigers
from high relative humidity and extremely hot temperatures. It is, essentially,a calculation of the temperature that
is felt when the effects of relative humidity are added to the base air temperakigeire 48-2 NWS Heat Indexdisplays
extreme temperatures as four different risk categories: caution, extreme caution, danger, and extreme danger.

Figure 4.82 NWS Heat Index
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Previous Occurrences and Losses
Extreme Heat

According tob h ! I NZR&I, over 90 days of recorded heat events have affected Monmouth County since May 199€
resulting in 438 injuries and 4 deathsccording to theNCEI 29 recordedextreme coldevents have affected Monmouth
County since 1996. No deaths or property damageeweported but 7 people did suffer injurie3able 4.81 Extreme
Temperature Events from 200December 202 in Monmouth Countydetails eventxategorizedoy NOAAas excessive
heator extreme cold/wind chill

Table 4.81 Exreme Temperature Events from 200December2024 in Monmouth County

Max or Min
Date Event Duration (in days) Temperature Deaths Injuries

Property
Damage

(degrees F)

6/25/1998 Excessive Heat 2 96 0 16 0
714/1999 Excessive Heat 4 100 4 74 0
5/2/2001 Excessive Heat 2 92 0 0
1/14/2003 Extreme Cold/Wind Chill 2 4 0 6 0
8/1/2006 Excessive Heat 3 96 0 35 0
6/26/2007 Excessive Heat 2 95 0 0 0
7/9/2007 Excessive Heat 1 97 0 0 0
8/7/2007 Excessive Heat 1 95 0 0 0
8/25/2007 Excessive Heat 1 92 0 0 0
2/5/2007 Extreme Cold/Wind Chill 2 6 0 7 0
6/7/2008 Excessive Heat 3 97 0 6 0
8/10/2009 Excessive Heat 1 94 0 0 0
8/16/2009 Excessive Heat 5 93 0 6 0
6/23/2010 Excessive Heat 1 97 0 0 0
6/27/2010 Excessive Heat 1 96 0 0 0
7/5/2010 Excessive Heat 2 104 0 0 0
7/23/2010 Excessive Heat 2 97 0 0 0
7/21/2011 Excessive Heat 3 102 0 301 0
7/18/2012 Excessive Heat 1 100 0 0 0
1/23/2013 ExtremeCold/Windchill 1 5 0 1 0
7/18/2013 Excessive Heat 1 99 0 0 0
6/29/2021 Excessive Heat 3 Upper 90s 0 0 0
8/11/2021 Excessive Heat 3 Upper 90s 0 0 0
8/9/2022 Excessive Heat 1 Upper 90s 0 0 0
6/22/2024 Excessive Heat 1 Upper 90s 0 0 0
07/05/2024 Excessive Heat 2 Upper 90s 0 0 0
07/09/2024 Excessive Heat 2 Upper 90s 0 0 0
07/15/2024 Excessive Heat 3 Upper 90s 0 0 0
08/02/2024 Excessive Heat 1 Upper 90s 0 0 0

SourceNOAANCEI, 202
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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 occurrencem 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.

As theclimate changes, the number of extreme cold events are expected to decrease, and extreme heat events are
anticipated to increase in the State. Global and regional temperatures are expected to continue increasing, with New
Jersey warming faster than the tesf the Northeast region and the global average (NJDEP)2Bdthmers in the State

are becoming hotter and heat waves becoming longer and more freqleading to potential increased risk from
extreme heat events.

Although the trend in the2ate is generally towards warmer temperatur@saditional weather phenomena such as the
Polar Vortexmay be disruptedeading to events where extremely cold weather patterns can move out of the arctic to
lower latitudes such as New Jersey where they may setiles theSate could continue to experience extreme cold
events despite an overall warming

Built Environment. Infrastructure and Community Lifelines

While all of Monmouth County is exposed to extreme temperatures, existing buildings, infrastructure, and critical facilitie
are not considered vulnerable to significant damage caused by extreme heat or cold events. Damages can occur wt
thermal tolerance of various systems are exceeded. Extreme cold can cause thermal cracking of paved surfaces a
freezing of pipes. Extreme heat can cause softening and tredfetted rutting of paved surfaces; and buckling of railway
tracks. Extreme temperatures carapk 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 frequer
occurrences, average annual property losses associaitbdextreme temperatures are anticipated to be minimal across
the plannirg area.

Community lifelines may be impacted in the County during events, especially in the case of a power outage as a result
extreme temperature Facilities without a backup generator may be forced to close until power is restored. Transportation
infrastructure can also be disrupted by extreme temperatures as in some cases high temperatures can cause rail trac
and road surfaces to buckle. Proged periods of extreme heat can also worsen drought impacts when occurring
simultaneously.

Population and Economy

Extreme temperatures are primarily a threat to human life and health, though they are also hazardous to livestock an
agricultural cropswvhich could result in economic lossdsxtreme 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 disruptiot
on quality of life Common impacts associated with extreme heat in Monmouth County include injuries associated with
swimming to escape extreme heat, amdlividuals seeking medical treatment for heat related iliness (i.e., for heat stress,
exhaustion, heat stroke, etcCooling centers are typically opened, and schools altering class schedules and/or activitie:
to ensure student safety. Extreme heat events most heavily typically impact the elderly and disadvantaged. Primal
impacts of concern for extreme cold temperatsranclude the lifehreatening effects of overexposure hypothermia on
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people, particularly the elderly and disadvantaged. Other significant impacts include strains on livestock and agricultur
Monmouth County has Code Blue Warming Center system in place with transportation and notifications for resident
during extreme cold temperatures.

Heat casualties are usually caused by lack of adequate air conditioning or heat exhaustion. The most vulnerable populat
to heat casualties are the elderly or infirmed, who frequently live on low fixed incomes and cannot afford to-run air
conditioning ora regular basis. This population is sometinse¢ated, with no immediate family or friends to look out for
their wellbeing. Casualties resulting from extreme cold may reBolin a lack of adequate heat, carbon monoxide
poisoning from unsafe heat sources and frostbite. The most vulnerable populations to cold casualties are the elderly
infirmed and lowincome households, as they may not be able to afford to operate a lmesits on a regular basis and
may not have immediate family or friends to look out for the@ll-being.

Table 4.82 below summarizes potential EAL in population equivalency by municipality for Heatwave hazard. This dat
gl & RSNRAROSR THAPR preSehta theDaveragenecomomic loss in dollars resulting from natural hazards eact
year, when expressed in terms of population equivalency, it representsrtbeetized cost of injury and fatajitGiven

the lack of historical data and limited likelihood for structural losses resulting from extreme heat or cold occurrences il
Monmouth County, annualizing potaat structural losses over a long period of time would most likely yield a negligible
annualized loss estimate for the enti@unty. Expected annudbsses from the Coldwave hazarategory of the NRdre
negligible at the municipal level and not included in the table below.

Table 4.82 Potential Expected Annualosses (Population Equivalency) Blunicipality for Heatwave Hazard

Municipality Expected Annual Losses (Population Equivalency)

Aberdeen, Township of $272,505
Allenhurst, Borough of $4,309
Allentown, Borough of $24,318
Asbury Park, City of $107,549
Atlantic Highlands, Borough of $57,068
AvonBy-TheSea, Borough of $13,496
Belmar, Borough of $41,616
Bradley Beach, Borough of $30,451
Brielle, Borough of $35,172
Colts Neck, Township of $142,164
Deal, Borough of $4,309
Eatontown, Borough of $179,558
Englishtown, Borough of $97,082
Fair Haven, Borough of $68,089
Farmingdale, Borough of $21,391
Freehold, Borough of $279,174
Freehold, Township of $435,178
Hazlet, Township of $286,052
Highlands, Borough of $32,764
Holmdel, Township of $247,687
Howell, Township of $761,388
Interlaken, Borough of $4,309
Keansburg, Borough of $141,033
Keyport, Borough of $101,874
Lake Como, Borough of $12,068
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Municipality Expected Annual Losses (Population Equivalency)

Little Silver, Borough of $62,413
Loch Arbour, Village of $4,309
Long Branch, City of $223,526
Manalapan, Township of $483,424
Manasquan, Borough of $41,645
Marlboro, Township of $590,200
Matawan, Borough of $135,101
Middletown, Township of $929,122
Millstone, Township of $124,023
Monmouth Beach, Borough of $20,494
Neptune City, Borough of $32,632
Neptune, Township of $232,190
Ocean, Township of $214,559
Oceanport, Borough of $57,592
Red Bank, Borough of $183,468
Roosevelt, Borough of $35,819
Rumson, Borough of $51,244
Sea Bright, Borough of $4,799
Sea Girt, Borough of $13,270
Shrewsbury, Borough of $36,464
Shrewsbury, Township of $36,464
Spring Lake Hts., Borough of $19,834
Spring Lake, Borough of $34,775
Tinton Falls, Borough of $232,815
Union Beach, Borough of $81,271
Upper Freehold, Township of $105,500
Wall, Township of $226,545
West Long Branch, Borough of $61,066
Monmouth County $7,675,168

Source: FEMA NRI
Ecosystems and Natural Assets

Extreme heat can negatively influence air quality, water quality, and ecosystems such as wetlands and forest. Prolong
events can disrupt food chains, cause disease outbreak, and increase wildfire risk. Extreme heat can also lead to h
Ol adzr f GASa Ay tA@S&ai201 YR gAftREATS FNBY RSKERNIGAZY
their temperatues.

9EGSyaArdS RS@St2LISyd OFy AyONBFasS I O2yYYvydzyyAdeQa Gd
Materials such as asphalt and concrete absorb an8 A G (G KS adzyQa KSIFdG Y2NB GKIYy
and water bodiesUrban anddeveloped areas, where these structures are highly concentrated and greenery is limited,
0S02YS aArAaflyRaéd 2F KAIKSNI GSYLISNI GdzZNB&a NBtFiA@S (2 2
Additionally, Growth in development raes energy consumptiowhich can strain power grids during heatwaves and
potentially lead to outages, leaving communities vulnerafinout cooling technologies.
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4.9 EXTREME WIND

Wind is air that is in constant motion relative to the surface of the earth. Extreme wind events can occur suddenly withol
warning. They can occur at any time of the day or night, in any part of the country. Extreme winds pose a threat to live
property,and vital utilities primarily due to the effects of flying debris and can down trees and power lines. Extreme winds
are most commonly the result of hurricanes, tropical storms, nor'easters, severe thunderstorms and tornadoes, but ca
also occur in theirlasence as mere "windstorms." One type of windstorm, the downburst, can cause damage equivalen
to a strong tornado.

Extreme wind events are experienced in every region of the United States. The extreme wind hazard area covers the wh
of Monmouth County and the entire planning area is uniformly susceptible to the extreme wind hazard. The County is als
at risk to straght-line wind which comes out of a thunderstorm.

Extreme winds can occur alone, such as during strdigétwind 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 utiliti
primarily dueto the effects of flying debris or downed trees and power lines. Severe wind will typically cause the greates
damage to structures of light construction, particularly manufactured homable 49-1 Severity and Typical Effects of
Various Sustained Win8peedsllustrates 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 ¢
wind are very different for tornadog;able 49 - 2 Severity and Typical Effects of Various Tornado Wind Speefis&nd
Gustillustrates the severity and typical effects of wind during tornados, as measured by various 3 second gusts. Note th
tornados are addressed separately later irsthlansection.

Table 4.91 Severity and Typical Effects of Various Sustained Wind Speeds
Equivalent

Sustained Wind Selile ey '
Speed* (mph) Simpson of Typical Effects
Scale** Damage
(Hurricanes)
0-73 N/A Isolated Isolated damage for winds below 50 mph. Above 50 mph, expect some minor damage tc
(V3S=0088) buildings of light material. Small branches blown from trees.

Very dangerous winds wifoduce some damage: Wabnstructed frame homes could have
damage to roof, shingles, vinyl siding and gutters. Large branches of trees will snap, anc
shallowly rooted trees may be toppled. Extensive damage to power lines and poles likely
result in pwer outages that could last a few to several days.

Extremely dangerous winds will cause extensive damage:d0editructed frame homes
could sustain major roof and siding damage. Many shallowly rooted trees vgilidped or

74-95 1 Minor
(V5s=89 toll5)

?6'110 2 Extensive uprooted and block numerous roads. Near total power loss is expected with outages tha
(Vas=lI6 to 130) could last from several days to weeks.
Devastating damage will occur: Whllilt framed homes may incur major damage or remov
111129 3 Devastatin | of roof decking and gable ends. Many trees will be snapped or uprooted, blocking numel
(Vas=131 to 149) g roads. Electricity and water will be unavailable for several days to wetkstlaé storm
passes.
130156 Catastrophi Catastrophic damage will occur: Whililt framed.homes can sustain severe damage with |
_ 4 of most of the roof structure and/or some exterior walls. Most trees will be snapped or
(Vas=150 to 176) c

uprooted, and power poles downed. Fallen trees and power poles will isaatgential
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Equivalent
Saffir Severity
Simpson of Typical Effects
Scale** Damage
(Hurricanes)

Sustained Wind

Speed* (mph)

areas. Power 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 be destroyed, v
157 or higher Catastrophi| total roof failure and wall collapse. Fallen trees and power poles will isolate residential ar
(Vss2177) c Power outages will last for weeks to possibly months. Most of tha aill be uninhabitable

for weeks or months.

Table 4.92 Severity and Typical Effects dfarious Tornado Wind SpeedsSecond Gust
Equivalent
Enhanced

Fujita Severity Typical Effects
Scale*

Maximum
Wind Speeds

3 Second Gust

(mph) (Tornadoes)
65.85 EFO Light Some damage to chimneys; branches broken off trees; shatloted trees pusheaver; sign
boards damaged.
86110 EF1 Moderate Peels surface off roofs; mobile homes pushed off foundations or overturned; moving auto:
pushed off the roads; attached garages may be destroyed.
- Roofs torn off frame housemobile homes demolished; boxcars overturned; large trees
111135 EF2 Significant snapped or uprooted; highise windows broken and blown in; lighbject missiles generated.
136165 EF3 Severe Roofs anFi some walls.torn off welbnstructed houses; trains overturned; most trees in fore
uprooted; heavy cars lifted off the ground and thrown.
166:200 EFa Devastating Wellconstructed houses .Iev.eled; structures with weak foundations blown away some dist;
cars thrown, and large missiles generated.
Strong frame houses lifted off foundations and carried considerable distances to disintegr;
Over 200 EF5 Incredible | automobile sized missiles fly in excess of 100 m (109 yd); trees debarked; steel reinforcec
concrete structures badly damaged.

Source: National Oceanic and Atmospheric Administration

Accordingto K ! ! Qa, 10 feBokded high wind events have affected Monmouth County since 1950. Twelve of these
have occurred since the last plan was prepared. As mentioned earlier, extreme wind events are often associated wi
other notable events such as hurricanes and trapgtorms, nor'easters and winter stormeach of which are addressed
separately within this section. According tolBlGeveral notable extreme wind events in Monmouth County were directly
associated with these event types. Evefitan the previous plan as well as those that have occurred since the last plan
are in the table below.

Table 4.93 High Wind Events in Monmouth County to April 20

11/14/1995 Nor'easter Not known
10/8/1996 Tropical Storm Josephine 0 0 Not known
3/31/1997 Winter Storm 0 0 Not known
11/7/1997 Nor'easter 0 0 Not known

3 THE 2003 INTERNATIONAL BUILDING CODE TABLE L609.3.L WAS USED TO CONVERTSWPSBN SUSTAINED WIND SPEEDS TOEBCOND GUSTS (V3S) FOR THE
PURPOSES OF COMPARISON BETWEEN HURRICANE AND TORNADO WINDS. THEISASIR! SCALE IS DESCRIBED FURTHER IN $BGSION UNDER HURRICANE AND
TROPICAL STORM
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2/4/1998 Nor'easter Not known
(?Zgé}fgg—g Nor'easter 0 0 Not known
9/9/1998 Severe Thunderstorms 1 30 Not known
9/16/1999 Hurricane Floyd 0 0 Not known
1/25/2000 Winter Storm 0 0 Not known
4/9/2000 Winter Storm 0 0 Not known
8/7/2000 Severe Thunderstorms 0 0 $1 million
8/2/2002 Severe Thunderstorms 0 0 $10.2 million
9/11/2002 Tropical Storm Gustav 0 0 Not known
10/16/2002 Nor'easter 0 0 Not known
11/16/2002 Nor'easter 0 0 Not known
2/17/2003 Winter Storm 0 0 Not known
7/22/2003 Severe Thunderstorms 0 0 $500,000
9/18/2003 Tropical Storm Isabel 0 0 Not known
3/8/2005 Winter Storm 0 0 Not known
1/18/2006 Severe Thunderstorms 0 0 $250,000
2/11/2006 Winter Storm 0 0 Not known
9/1/2006 Remnants of Tropical Storm Ernesto 0 0 Not known
8/17/2007 Severe Thunderstorms 0 0 $5,000
11/3/2007 Remnants of Hurricane Noel 0 0 Not known
3/5/2008 Severe Thunderstorms 0 0 $100,000
9/7/2008 Tropical Storm Hannah 0 0 Not known
122//22:;//22%%% Winter Storm 0 0 Not known
3/1/2009 Nor'easter 0 0 Not known
10/5/2009 Nor'easter 0 0 Not known
11/13/2009 Nor'easter 0 0 Not known
3/13/2010 - 0 0 $500,000
12/26/2010 Blizzard 0 0 Not known
(?52752311_1 Hurricane Irene 0 0 Not known
10/29/2012 Superstorm Sandy 0 0 $1,750,000,000
11/7/2012 Nor'Easter 0 0 $13,000
12/21/2012 - 0 0 $50,000
12/26/2012 - 0 0 $25,000
1/31/2013 Severe Thunderstorms 0 0 $20,000
2/27/2013 - 0 0 $10,000
3/6/2013 Nor'Easter 0 0 $10,000
4/3/2016 Thunderstorms 0 0 $0
1/23/2017 - 0 0 $10
3/2/2017 Thunderstorms 0 0 $0
4.0-50
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5 0 0 $0

3/2/2018

10/27/2018 - 0 0 $0
07/22/19 Thunderstorm 0 1 Not Known
10/16/19 b2NRSF adSN 0 0 Not Known
2/7/2020 - 0 0 $0
4/13/2020 Thunderstorm 0 0 $0
12/16/2020 Winter Storm 0 0 $0
12/24/2020 - 0 0 $0
2/1/2021 - 0 0 $0
4/30/2021 - 0 0 $0
10/29/2021 - 0 4 $0
5/7/2022 Coastal Storm 0 0 $0
10/2/2022 - 0 0 $0
3/4/2023 - 0 0 $0
9/23/2023 Tropical Storm Ophelia 0 0 $0

SourceNOAANCEI, 2024
A longer description of some of these events is included below:

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

August 7, 2000A 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. T
most significant damage occurred in an atmaunded by State Route 18 to the west, County Route 537 to the south,
Dutch Land Road to the north and Montrose Road toghst.

August 2, 2002A line of severe thunderstorms brought hurricafogce wind gusts and downed thousands of trees and
power lines, damaging homes, vehicles and hundreds of poles. Most municigalitiesCounty reported damage and a
state of emergency was declared in tBeunty. 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 Boroug
Monmouth University suffered extensive damage.

July 22, 2003A severe thunderstorm caused about $500,000 in property damage. About 4,000 homes and businesses Ic
power. Numerous tree limbs and one large tree were downed in Wall. In Belmar, about 25 homes and six cars we
damaged, one home was shifted off its falation, and another home's roof was ripped off.

January 18, 200@eak wind gusts nearly reached between 45 and 70 mph. In Middletown, a school bus struck a downe
tree, but no injuries occurred. Vehicles were damaged by downed trees in Colts Neck and Englishtown.

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

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

March 5, 2008A 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 samt
storm ripped siding from some othomes 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, Hov
and Neptune. Wind gusts of 61 mph and 60 nagre 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 NetikhEvgn, Freehold, Hazlet, Middletown, Neptune,
Oceanport and Union Beach. A wind gust to 68 mph was measured at ISaokly

March 13, 2010Strong to high winds downed thousands of trees and tree limbs, damaged telephone poles and cause
record breaking utility outages. Damages of $500,000 were reported by tRdtGlonmouth County, though damages
were incurred across th&ate. Fallen trees damaged homes. Numerous roadways were closed because of downed tree
and debris. Rail services were also suspended because of downed wires and poles. A state of emergency was decl:
state-wide on the14™",

August 2728, 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
mph in Belmar. High winds downed treasd power lines across théounty, with power outages reported for 121,000
homes.

October 29, 2012Superstorm Sandy made landfall in Atlantic County as a post tropical storm in Brigantine. Monmoutt
and Ocean Counties were the two hardédtcounties in theSate. 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 tBate. Upwards of 45,000 fallen trees had to be cut through to restore power, and
power was unable to be restored to thousandsshore 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 wir
included 68 mph at Sandy Hook and 61 mph in Long Branch.

October 29, 2021 Strong high pressure located in eastern Canada and slow moving, strengthening low pressuri
approaching from the southeastern states resulted in a prolonged onshore flow along the Middle Atlantic coast. Th
easterly to northeasterly winds became strong he pressure gradient tightened between the nearby kighd low
pressure centers. High wind conditions were mainly confined to-ueastal portions of the midtlantic. This system was

also responsible for producing significant coadiabding due to the prolonged onshore flobmn Monmouth Countya

tree fell on a tent at a Halloween party. Four people receivedHiferthreateninginjuries. Wind gusts close to 60 mph
were observed in the area.

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

NASA scientists suggest that the United States will face more severe thunderstorms in the future, with deadly lightnin:
damaging hail, and the potential for tornadoes in the event of climate change. A recent study conducted by NASA predic
that smaller sorm events like thunderstorms will also be more dangerous due to climate change (NASA 2007).

Built Environment, Infrastructure and Community Lifelines

Because it cannot be predicted where extreme winds may occur, all existing and future buildireggructure and
community lifelinesare consideredexposed to this hazard and could potentially be impactathacts associated with
extreme wind in Monmouth County can loeitical, 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 weel
could all be possible, depending on the tyglewind event and the nature of the everflying debris, in extreme wind
events, can cause secondary imgaethile tees can be downednd 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 utiliti
and communications facilities. In addition, impaired access to these facititiing extreme wind events can cause
secondary, indirect damages.

Table 49-4 Potential Annualized Losses from Extreme Wihd Jurisdictionshows potential annualizelbsses for the
SEGNBYS 6AYR KITINR® ¢ KA SNRIFEAL repregehts theRagehieeSoRomi€ Mds Yn ddi&rsa |
resulting from natural hazards each yére table includes EAL for buildings as well as total EAL which includes building
damage as well as damage to agriculture and population equivalency (the monetized cost of injury and fatality).

Table 4.94 Potential Annualized Losses from Extreme Wind by Jurisdiction

Expected Annual Losse8uilding Expected Annual LosseJ otal

Aberdeen, Township of $226,613.57 $322,959.36
Allenhurst, Borough of $6,106.71 $27,449.97
Allentown, Borough of $33,103.18 $44,422.45
Asbury Park, City of $170,642.25 $246,090.58
Atlantic Highlands, Borough of $65,941.50 $87,961.40
AvonByTheSea, Borough of $43,470.29 $53,113.35
Belmar, Borough of $112,270.04 $141,737.99
Bradley Beach, Borough of $74,395.92 $95,757.32
Brielle, Borough of $109,423.04 $134,276.49
Colts Neck, Township of $245,296.80 $294,968.80
Deal, Borough of $6,106.71 $27,449.97
Eatontown, Borough of $274,596.19 $400,014.63
Englishtown, Borough of $152,233.43 $196,759.79
Fair Haven, Borough of $104,846.90 $136,120.74
Farmingdale, Borough of $21,118.59 $28,621.52
Freehold, Borough of $275,011.88 $374,585.68
Freehold,Township of $699,367.08 $859,159.73
Hazlet, Township of $279,407.20 $379,738.91
Highlands, Borough of $65,885.39 $88,937.93
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Expected Annual Losse8uilding Expected Annual Lossed otal

Holmdel, Township of $439,476.79 $526,279.29
Howell, Township of $851,133.47 $1,118,046.18
Interlaken, Borough of $6,106.71 $27,449.97
Keansburg, Borough of $86,341.98 $135,889.24
Keyport, Borough of $89,779.90 $125,718.13
Lake Como, Borough of $21,956.06 $30,421.79
Little Silver, Borough of $144,474.34 $175,059.74
Loch Arbour, Village of $6,106.71 $27,449.97
Long Branch, City of $416,435.62 $574,256.53
Manalapan, Township of $810,787.04 $1,029,452.89
Manasquan, Borough of $138,679.51 $168,302.11
Marlboro, Township of $965,375.90 $1,187,197.12
Matawan, Borough of $116,989.90 $164,706.33
Middletown, Township of $1,115,371.03 $1,448,832.30
Millstone, Township of $252,385.99 $350,229.43
Monmouth Beach, Borough of $68,069.26 $83,903.24
Neptune City, Borough of $85,955.38 $109,032.87
Neptune, Township of $424,780.64 $564,767.13
Ocean, Township of $449,901.10 $587,862.19
Oceanport, Borough of $120,180.06 $178,530.62
Red Bank, Borough of $220,770.92 $285,304.08
Roosevelt, Borough of $41,194.86 $98,748.48
Rumson, Borough of $204,286.38 $240,863.16
SeaBright, Borough of $39,146.86 $46,405.35
Sea Girt, Borough of $83,491.73 $92,800.55
Shrewsbury, Borough of $29,073.29 $71,266.73
Shrewsbury, Township of $29,073.29 $71,266.73
Spring Lake Hts., Borough of $98,122.90 $112,036.25
Spring LakeBorough of $80,044.78 $104,439.27
Tinton Falls, Borough of $246,419.14 $360,345.41
Union Beach, Borough of $71,433.15 $99,983.19
Upper Freehold, Township of $260,422.24 $305,618.29
Wall, Township of $597,265.30 $729,324.83
West Long Brancigorough of $176,077.56 $218,915.10
Monmouth County $11,752,946.47 $15,390,831.12

Source: FEMA NRI

Population and Economy

The entire population of the State is considered exposed to high wind events. High wind events may threaten safet
damagebuildings, and impact the economy, including loss of business function, damage to inventory, relocation cost:
wage loss, and rental loss due to the repair/replacement of buildings. Recovery andipleasts can also be costly and
impact the economy as&ll. In addition, downed trees, damaged buildings, and debris carried by high winds can lead to
injury or loss of life.

Ecosystems and Natural Assets
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Winds and waves are the forces that cause coastal sand dunes to change. Natural dunes are dynamic and changt
response to erosion from storm events and recover via wamdl wavedriven sediment transport between storm events
(NOAA, 2021). Over timeetsdevelop strength and flexibility, known as wind firmness; however, windstorms can exceed
I GNBSQa 6AYR TANYY Ss&an treak ¢t Blolv ovek Robt ddtriadelica® yhaka tre@sMddré susceptible
to fungi and insects and wound (debarking) caake trees more susceptible to disease or insect pests. Disturbed
forestland is also more vulnerable to wildfire, pests, and invasive species (American Forest Foundation, n.d.a).

4.10 FLOOD

Flooding is caused by the accumulation of water within a water body which results in the overflow of excess water ont
adjacent lands, usually floodplains. The floodplain is the land adjoining the channel of a river, stream, ocean, lake or oth
watercour® or water body that is susceptible to flooding. Most floods fall into the following three categories: riverine
flooding, coastal flooding, or shallow flooding (e.g. sheet flow, ponding and urban drainage).

Monmouth County is subject to both riverine and coastal flooding. Riverine flooding occurs along inland channels such
rivers, creeks, and streams. When a channel receives too much water, the excess water flows over its banks and inundz
low-lying area. In addition, when there is debris in the channel, such as fallen trees or trash, the stream cannot fully
infiltrate excess stormwater, therefore causing flooding. Coastal flooding, on the other hand, is a result of the storm surg
where local sea levelise to inundate areas along the coasts of oceans, bays, estuaries, coastal rivers, and large lake
Hurricanes and tropical storms, severe storms, aodeasters cause most of the coastal flooding in Nersey.

Many areas of Monmouth County are susceptible to riverine and urban (stormwater) flooding, and its coastal jurisdiction
are also very susceptible to tidal and coastal flooding due to coastal storm events including stormisiggstimated

that nearly 10 percent of lands within Monmouth County are located in the §8ar floodplain.Figure 410-1 Special

Flood Hazard Areas in Monmouth Counitlustrates the location and extent of currently mapped special flood hazard
FNSFa F2NJ az2yY2dziK /2dzyieé oFaSR 2y C9a! Q& t NBf AYAYIl NE
includes Zones A/AE (19@ar floodplain), Zone VE (1§@ar mastal flood zones, associated with wave action) and Zone
X500 (508year floodplain). It is important to note that while FEMA digital flood data is recognized as best available dat:
for planning purposes, it does not always reflect the most accurate artd-date flood risk. Flooding and floaglated

losses often do occur outside of delineated special flood hazard arpagicularly in areas that were not included in
detailed studyareas.
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Figure 4.161 Special Flood Hazard Areas in Monmouth County
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Several municipalities in the County, mostly in coastal areas, already benefit from some existing flood protectio
structures such as floodwalls and beach/dune systems. The FEMA Flood Insurance Study (FIS) notes that small dam:
located on Conines MilPond 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 TiRtdis andscattered elsewhere throughout the
County. Small weirs restrict the passage of tidal ssiiigeo 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 Holmc
The Township of Wall has also placed small stone wave protection measaesads and other critical infrastructure.

A bulkhead was constructed along Marine Park in the Borough of Red Bank.

SourceFEMA FIRM2024

Table4.10-1 Percent of Area in the Floodplain by Municipalitiisplays the percentage of municipal area which lies within
the 1% or 0.2% annual chance floodplain. This data was derived from existing and preliminary FIS data which have b
combined into a composite layer representing the best available data.
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Table 4.161 Percent of Area in the Floodplain by Municipality

Municioalit PercentLand Area in 1%Annual Chance Percent Land Area in 0.2%nnual Chance
paity Hoodplain Hoodplain

Aberdeen, Township of
Allenhurst, Borough of
Allentown, Borough of
Asbury Park, City of
AtlanticHighlands, Borough of
AvonBy-TheSea, 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
HighlandsBorough 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
Monmouth Beach, Borough of
Neptune City, Borough of
Neptune, Township 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
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17.5%
10.2%
15.4%
14.7%
16.1%
25.8%
25.1%
17.6%
13.3%
7.9%
8.5%
3.0%
28.3%
2.8%
22.4%
0.0%
5.5%
15.3%
50.3%
3.6%
8.2%
22.1%
83.0%
23.9%
6.8%
28.2%
52.1%
21.4%
8.0%
55.9%
4.9%
13.8%
14.8%
5.3%
64.7%
10.4%
9.4%
8.8%
44.1%
5.1%
3.9%
34.5%
99.5%
29.2%
6.6%

2.4%
0.5%
1.2%
4.9%
3.7%
10.2%
7.2%
5.9%
3.2%
0.3%
0.6%
3.0%
4.1%
0.6%
0.0%
0.0%
0.3%
4.6%
0.8%
0.2%
0.4%
0.3%
8.6%
4.2%
4.1%
5.3%
5.5%
13.8%
1.7%
7.4%
1.2%
0.2%
2.8%
1.0%
5.1%
1.1%
1.2%
1.9%
11.9%
0.6%
0.0%
4.0%
0.4%
6.0%
9.8%
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Municioalit PercentLand Area in 1%Annual Chance Percent Land Area in 0.2%nnual Chance
paiity Hoodplain Hoodplain

Shrewsbury, Township of NA 0.0%
Spring Lake Heights, Borough of 27.2% 8.8%
SpringLake, Borough of 7.1% 1.3%
Tinton Falls, Borough Of 5.6% 1.6%
Union Beach, Borough of 81.9% 10.2%
Upper Freehold, Township of 7.1% 0.0%
Wall, Township of 6.5% 0.5%
West Long Branch, Borough of 2.9% 4.3%
Monmouth County 10.6% 1.6%

Source: FEMA&024

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

1 Minor Flooding minimal or no property damage, but possibly some public threa@nvenience.

1 Moderate Flooding some inundation of structures and roads near streams. Some evacuations of people and/or
transfer of property to higher elevations anecessary.

1 Major Flooding extensive inundation of structures and roads. Significant evacuations of people and/or transfer
of property to higher elevations (NV2911).

The extent of flooding associated with a 1% anmuabability of occurrence (the base flood or X9€ar flood) is used as

the regulatory boundary by many agencies. Also referred to as the SFHA, this boundary is a convenient tool for asses:
vulnerability and risk in flooggrone communities. Many commuigs have maps that show the extent and likely depth of
flooding for the base flood. Corresponding watenface elevations describe the water elevation resulting from a given
discharge level, which is one of the most important factors used in estimdtiogdamage.

Flooding is the most common major natural hazard in New Jersey. The FIS notes that flooding in Monmouth County
attributed mainly to tropical storms, extratropical cyclones (nor'easters) and, to a lesser extent, severe thunderstorms
According tob h ! | NCTEl over 20 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 billion i
property damages. Some recent notable eventsiidelthe following:

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

September 16, 199%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 ba
areas of Middletown Township. For mardormation on Hurricane Floyd, please see the description of Hurricane Floyd
under the Tropical Storms and Hurricanes subsection
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October 1314, 2005Heavy rain associated with a lgwessure system southeast of New Jersey moved into Monmouth
County on the 13th. Threday storm totals (from the 11th through the 14th) in tRBunty averaged between four and

11 inches, with the highest amounts near the coast. In Asbury Park and Loch Arbour Village, Deal Lake overflowed ¢
forced the evacuation of about 65 homes in Loch Arbour and 30 homes in Asbury Park. In Eatontown BatonigtesE
Apartments flooded as water was three to fouetaleep 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 Oc
Township, flooding along the Poplar Brook caused the evacuationeoérikire 104unit Poplar Village Senior Citizens
Center. After the brook receded, 22 units were deemed uninhabitable. In Rumson Borough, flooding along the Shrewsbu
River closed roads near the Sea Brigimson Bridge. In Howell Township, seven unite@friendship Gardens (Senior
Citizen) complex were evacuated. Metedeconk River flooding also affected Freehold Township, the Borough of Spring L:
and Wall Township. The Manasquan River at Squankum reached-fto¥fibod stage on the 13th, crestirag 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 2nd along State Route 35 in Hazlet and Aberdeen. Th
flooding may have been enhanced due to the high tide. Flooding also occurred along State Route 33, Howell Road, Cht
Road and Fairfield near Freehold. Ralinfotals include: 1.81 inches in Jackson; 1.54 inches in Marlboro; and 1.23 inches
in Cream Ridge. The EIldoes not report injuries, fatalities, property damages, or crop damages for this event.

June 14, 2008A slowmoving 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. Torrentie
downpours caused roadway flooding andditling of smaller streams and creeks in the northeastern part of Monmouth
County. A Skywarn spotter measured three inches of rain within 45 minutes in Middletown Township. Roadway floodin
was reported in Middletown and Highlands.

August 21, 2011Thunderstorms 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 :
dozen homes damaged. The runoff also ealmoderate 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 us
to evacuate families as mud and water entered finst floor of homes. The U.S. Route 9 bridge over the Manasquan River
was closed due to concern about its integrity. It wasmpened on the 22nd. Another bridge over the Manasquan River
on AllentownLakewood Road near Robert Brice Memorial Park wadlatsded and closed. In Ocean Township, flooding
displaced residents of the Middlebrook at Monmouth Apartments on Deal Road. In Freehold, Post Road flooded by a cre
and State Route 33 was closed in both directions at Halls Mill Road. In Long Branche2unel was under three feet of
water, and barricades were floating away. In Deal, State Route 71 was closed in both directions. Streams were report
out of their banks in Millstone Township. Precipitation totals included 4.61 inches in Howell TownsBiine&s in
Ocean Township, 3.16 inches in Asbury Park and 2.96 inches in Eatontown.

Hurricane Irene 2011rene's torrential downpours caused major flooding and a number of reboedking crests on area
rivers and a three to fivdoot storm surge that caused moderate to severe tidal flooding with extensive beach erosion
over the weekend of August 27th andtB8 Moderate to severe tidal flooding occurred along the Atlantic Coast 2nd
Raritan Bay. Event precipitation totals averaged 5 to 10 inches and caused widespreacbreasidg flooding. For more
discussion of Hurricane Irene, pleasse Hurricane Irene under the Tropical Storms and Hurricanes subsection.

Superstorm Sandy 201®lonmouth County was one of the two harddsit counties in the State of New Jersey. For more
discussion of Superstorm Sandy, please see Superstorm Sandy under the Tropical Storms and Hurricanes subsection.

May 5, 2017 Lowpressuremovingfrom Tennesseénto westernNew YorkSate lifted a warm front north throughthe
Sate late Fridaymorninginto early Fridayafternoonon May 6, 2017.In advanceof a cold front, which followed Friday
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evening,severalroundsof heavyrainfallwith embeddedthunder traversedthe Sate Fridaymorninginto the afternoon.
Theheaviestrainfall occurredin a southwestto northeastswath coveringportions of Atlantic, Salem Burlington,Ocean,
Monmouth, and Middlesexcounties,where localizedrainfallamountsrangedfrom two to overfour inches.Thehighest
rainfall amount was 4.38 inchesat a Community CollaborativeRain, Hail & Snow Network (CoCoRaHS site 6 miles
northeast of ManchesterTownshipin OceanCounty.The large amount of rainfall in a relatively short period of time

contributedto flooding,mainlyacrossMonmouth County includingareport of flashfloodingin UnionBeachwhereacar
wasstuckin anestimated2 feet of water.

Remnants of Hurricane lda, 2021

Many areas of the Shore saw heavy rainfall and a few gusty winds between 30 to 40 mph, but this area was not nearly
affected as most of northern New Jersey, according to Wednesday's advisory fromAtBeRslice and emergency
responders worked through the night to tend to flooded roads, specificalyréas near heavily battered Middlesex
County such as in Hazlet, Keyport, Manalapan and Matawan in Monmouth County. Reports of rainfall totals were st
being recorded as of Thursday morning, with mostlaf Shore seeing less than an inch of rainfall. The highest totals
included 4 inches in Middletown and 3.13 inches in Holmdel, according to wetattoding sources. Freehold Township
had 2.54 inches, while Colts Neck saw 2.17 inches of heavy rainfaliiagcto data from the Community Collaborative,
Rain, Hail and Snow Cooperative. Manasquan, Red Bank and Long Branch saw around 1.3 to 1.73 inches Wednesday |

Historical Summary of Insured Flood Losses

According to FEMA flood insurance policy records, there have be@012flood losses reported in Monmouth County
through the NFIP from 1972 t8024 Net NFIP loss payment statistics asfafgust 2024otal approximately $33.3
million. Every municipal jurisdiction in Monmouth County is listed by FEMA as being an active participant in.thieeNFIP
name of the Floodplain Administrator (the person responsible for ensuring that development activities comply with
floodplain management ordinances and NFIP tations) for each jurisdiction is included in the Capability Assessment
aSO0GA2y 2F (GUKS LIXIYy YR y2iSa sAGKAY SIFEOK 2F (KS 2dzNX

In addition to NFIP participation, the 16 communities of Aberdeen, MyhheSea, Belmar, Bradley Beach, Hazlet,
Keansburg, Long Branch, Manasquan, Middletown, Monmouth Beach, Neptune, Ocean, Oceanport, Sea Bright, Spl
Lake, and Union Beach are listbg FEMA as<CRS participating 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 comityun
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Figure 4.1&2 Monmouth County CRS Classifications & Savig@gsof April 2024)
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AVON-BY-THE-SEA
$41,000
BELMAR
$130,000
SPRING LAKE
$52,000

OCEAN COUNTY

MANASQUAN
$310,000

*TOTAL ANNUAL ESTIMATED FLOOD INSURANCE PREMIUM SAVINGS IN DOLLARS. BASED
ON FEMA'S APRIL 2024 CRS ELIGIBLE COMMUNITIES DATA AND JULY 2024 NFIP POLICY
INFORMATION BY STATE DATA(TOTAL WRITTEN PREMIUM). THESE ESTIMATES DO NOT Bt Gar i NaturalvUe
ACCOUNT FOR POLICIES EXCLUDED FROM RECEIVING THE CRS DISCOUNT.

Source: Monmouth CounBivision of Planning~EMA, April 2024

Monmouth County OEM will continue to work with all jurisdictions in the County, encouraging them all to participate fully
in the NFIP, and to take full advantage of additional FEMA programs such as the CRS. Jurisdictions already participatir
the CRS Wibe encouraged timprovetheir CR&lassificationwhile norparticipating jurisdictions will be encouraged to

work towards eligibility. The County will also support local jurisdiction participation in the Cooperating Technical Partner

Program (CTP)f avhich the main objective is to increase local involvement in the floodplain mapping process.

Table 410-2 National Flood Insurance Program (NFIP) Community Rating System (CRS) Participation in Monmouth

Countysummarizes the CRS classifications of participating Monmouth County municipalities.

Table 4.102 National Flood Insurance Program (NFIP) Community Rating System (CRS) Participation in Monmouth County as of

October 1, 202
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CRS Clas
L N Date Entered Current (as of % Discount % Discount
G2 SRl Participation Status CRS Effective Date| October for SFHA for Non-SFHA
2024)
Aberdeen,
340312 \ Current 5/1/2010 10/1/2015 8 10 5
Township of
340267 | AVorByTheSea, Current 10/1/2016 4/1/2023 7 15 5
Borough of
345283 Be'marc')fBorough Current 5/1/2015 5/1/2020 5 25 10
340289 2l EEEen, Current 10/1/1995 10/1/2000 7 15 5
Borough of
340298 Haz'et'O¥OW”Sh'p Current 5/1/2011 411/2023 7 15 5
340303 IR, Current 5/1/2015 5/1/2015 7 15 5
Borough of
340307 Long B;?”Ch' City Current 5/1/2018 5/1/2018 7 15 5
345303 WU Current 10/1/1992 5/1/2018 5 25 10
Borough of
340313 Middletown, Current 5/1/2012 10/1/2013 7 15 5
Township of
340315  Monmouth Beach, Current 10/1/2017 10/1/2017 8 10 5
Borough of
340317 Neptune, Current 5/1/2015 411/2023 6 20 10
Township of
340518 Ocea”’OIOW”Sh'p Current 5/1/2014 10/1/2023 6 20 10
340320 Oceanport, Current 5/1/2010 4/1/2023 8 10 5
Borough of
345317 S Ml Current 10/1/1992 10/1/2018 6 20 10
Borough of*
340329 Spring Lake, Current 10/1/1994 411/2023 7 15 5
Borough of
Union Beach,
340331 Current 10/1/2003 4/1/2023 7 15 5
Borough of

NOTES: FOR THE PURPOSE OF DETERMINING CRS DISCOUNTS, ALL AR AND A99 ZONBSONRE-HRESATED AS
Sources: FEMA A2id24 NFIP Flood insurance manual; Monmouth County Division of Planning

Table 410-3 National Flood Insurance Program Statistltgts relevant NFIP statistics, including the total number of losses
under the NFIP by municipal jurisdiction. It should be emphasized that this listing includes only those losses to structur
that were insured through the NFIP policies. Total numbéogsdes 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 no
reported.

Before Superstorm Sandy had even occurred, the total value of all claims paid countywide had increased by 42 perce
between May 2008 and May 2012, ($76.8 million in May 2008 as compared to $109.5M in May 2012. At that time, mar
of the claims paid were duto Hurricane Irene. The impacts of Sandy are truly staggering. Between May 2008 and Augus
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2014, the total value of all claims paid has increased from $76.8 million to $852 million. This represents about a 10(
percent increase over May 2008 values that were presented in the initial version of this HMP.

Repetitive Loss Properties

FEMA defines a Repetitive Loss (RL) property as any insurable building for which two or more claims of more than $1,(
were paid by the NFIP within any rolling-yi€®ar period, since 1978. A RL property may or may not be currently insured by
the NFIP. Acading to FEMA RL property records there are 1,102 RL properties located in Monmouth County (as c
September 14, 2023). These properties are associated with a total of 3,657 losses and approximately $161 million in clai
payments under the NFIP since Jaiyu978 (the earliest recorded date of loss).

While 48 (91 percent) of Monmouth County's 53 municipal jurisdictions identified as having one or more RL properties
Highlands and Manasquan have the most RL propefiiegand 135, respectively;08 combined roughly25% of all the

RL properties in the CountyTotal RL paid claims are the highest in three communitiesimouth Beach{$26.9 million

from 129 properties);Sea Brigh{$20.1million from 114 properties andHighlands ($19.2 million frorh77 properties).

Paid claims per RL property are highen average in the Borough of Red Bank where only three properties have been
paid $1,487,369, or $495,790 per claifih should be noted that these properties are commercial buildingstaed\NFIP
offers a higher amount paid per claim compared to resident\itigating RL properties is a priority of the State HMP.

This plan does not show areas of the County where occasional isolated RL properties are located and show only
approximate areas covering clusters of RL properties, since the component data is subject to the 1974 Privacy Act. T
legislation prohibitghe 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, thex@hty may subsequently obtain comprehensive RL property data from FEMA for the
purposes of targeted mitigation of RL areas or individual RL structures.

FEMA has indicated that their system depends heavily on programmed address matching to identify repetitive losses ar
while the software makes some allowances for misspellings and incomplete addresses, it is not perfect and sometim
legitimate address mahes are missed. Sometimes repetitive loss properties go undetected for years because of addres
anomalies. There are FEMA contractors and FEMA regional staff who are actively working with the repetitive loss syste
allowing them to link addresses thatdh 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
well and may create SRL.

The average repetitive loss property in Monmouth County has experien&&ddss events. At the highest endne
property in Hazlet has 17 losses with an average payment of $16,462h@7following iffe communities have no RL
properties within their borders: Allentown, Fair Haven, Matawan, Millstane Shrewsbury Townshifghe majority of all
RL properties are located in the 1§8ar floodplain.

It should be noted that these Repetitive Loss and Severe Repetitive Loss statistics only include those properties that :
insured through the NFIP and fit the NFIP definition for Repetitive Loss and Severe Repetitive Loss. This analysis does
capture ¢aims which are related to privately insured properties.

Severe Repetitive Loss Properties

FEMA defines a SRL property as a residential property that is covered under an NFIP flood insurance policy and: (a)
has at least four NFIP claim payments (including building and contents) over $5,000 each, and the cumulative amount
such claims payents exceeds $20,000; or (b) for which at least two separate claims payments (building payments only
have been made with the cumulativeamount of the building portion of suchclaimsexceedinghe market value of the
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building;and (c) for both (a) and (b), at least two of the referenced claims must have occurred within aygargmeriod,

and must be greater than 10 days apart. According to FEMA repetitive loss property resood&ygust 2023 there are

a total of153severe repetitive loss properties located in 26 Monmouth County communities. Th8severe repetitive
loss properties are associated with a totalFéRlosses an&44.06million in claims payments under the NFIP since January
1978 (the earliest reorded date of loss). There is an average 8R4laims per property and an average payment of
$287,996.1aid per claim.

Table 4.1@3 National Flood Insurance Program Statistics

Jurisdiction Po-:—ig[zls in | Total Losses i RL i S.RL TOthRT_L * Mi-tlgggﬂad LA RIS
Force Properties Properties Combined Properties Payments

Aberdeen, Township of 72 71 2 1 3 1 $796,071.29
Allenhurst, Borough of 44 22 2 0 2 0 $152,088.45
Allentown, Borough of 12 3 0 0 0 0 $0
Asbury Park, City of 458 74 © 0 5 0 $1,524,474.85
ggf:;'thc')?h'a”ds' 105 86 5 1 6 0 $1,313,833.33
g‘é?&%fg}esea’ 347 303 10 1 11 9 $1,662,080.51
Belmar, Borough of 740 485 33 1 34 11 $3,637,886.05
Efrad'ey e, e 246 86 5 0 5 0 $216,501.73
Brielle, Borough of 197 214 8 1 9 1 $746,166.68
Colts Neck, Township of 26 41 2 0 2 0 $801,853.81
Deal, Borough of 123 89 1 2 3 0 $551,854
Eatontown, Borough of 23 18 1 0 1 0 $10,773.48
Englishtown, Borough of 21 35 5 0 5 0 $223,980.88
Fair Haven, Borough of 29 31 0 0 0 0 $0
Farmingdale, Borough of 3 28 7 0 7 0 $922,182.89
Freehold, Borough of 0 0 0 0 0 0 $0
Freehold, Township Of 69 52 5 0 5 0 $160,710.81
Hazlet, Township of 354 119 2 3 5 0 $753,413.24
Highlands, Borough of 636 1,739 164 13 177 59 $19,212,704.18
Holmdel, Township of 22 12 0 0 $63,948.47
Howell, Township of 108 45 0 2 2 $74,333.80
Interlaken, Borough of 12 18 2 0 2 0 $74,334
Keansburg, Borough of 1,228 1,343 38 1 39 18 $1,811,937.55
Keyport, Borough of 87 170 6 4 10 2 $3,059,725.98
Lake Como, Borough of 70 41 3 0 3 0 $85,300.87
Little Silver, Borough of 249 390 20 2 22 1 $5,217,890.55
Loch Arbour, Village of 35 99 17 1 18 1 $813,822.84
Long Branch, City of 1,585 1,374 49 9 58 3 $7,138,662.94
Manalapan;Township of 95 93 8 1 9 1 $609,107.21
Manasquan, Borough of 1,132 2,224 122 13 135 39 $11,905,687.58
Marlboro, Township of 104 92 7 0 7 0 $146,347.04
Matawan, Borough of 11 21 0 0 0 0 $0
Middletown, Township of 1,918 1,709 113 8 121 48 $9,218,097.10
Millstone, Township of 8 6 0 0 0 0 $0
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ol Total RL el amL |Gl Uil Total Rland SRL

Payments

Jurisdiction Policies in | Total Losses SRL Mitigated

Properties Properties

Force Combined Properties

Monmouth Beach,

Borough of 1,564 1,729 103 26 129 17 $26,833,222.99
Neptune City, Borough of 50 49 5 0 5 0 $827,507.42
Neptune, Township of 592 422 18 1 19 3 $2,245,561.79
Ocean, Township of 176 269 16 7 23 14 $2,003,204.40
Oceanport, Borough of 554 960 29 5 34 27 $5,976,046.89
Red Bank, Borough of 41 35 0 0 $1,487,368.59
Roosevelt, Borough of 1 4 1 0 1 0 $94,419.75
Rumson, Borough of 435 946 64 12 76 10 $14,551,223.29
Sea BrightBorough of 887 1,950 81 18 99 69 $20,127,510.79
Sea Girt, Borough of 235 110 4 0 4 0 $215,574.98
Shrewsbury, Borough of 31 10 1 0 1 0 $5,627.78
Shrewsbury, Township of 0 0 0 0 0 0 $0
gg;g‘fgha;e Heights, 83 47 1 2 3 3 $256,344.80
Spring Lake, Borough of 550 506 80 12 92 11 $7,904,001.79
Tinton Falls, Borough Of 33 12 1 0 1 0 $17,620.24
Union Beach, Borough of 870 1,556 44 8 52 34 $6,421,234.97
Upper Freehold,

Tgv?/nship of 9 3 0 0 0 0 $0
Wall, Township of 137 82 5 0 5 1 $90,818.61
\é‘ﬁztu;%”gf Branch, 20 16 1 0 1 0 $7,772.84
Monmouth County 16,437 20,001 1,102 153 1,255 385 $161,688,371.12

Source: FEMA

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 t
best available data ifliistrated inFigure 411-1 Special Flood Hazard Areas in Monmouth Coymich indicates those
areas susceptible to the 1 percent annual chance flood {20 floodplain and the 0.2 percent annual chance flood
(500year floodplain).

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
coastal areas. Although extrapical 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.

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 ev#tiithin the last 10 years, there have been 58
coastal flood events in Monmouth County, estimating to $10 billion in property daniaghould also be noted that
anticipated sea level rise will increase the risk of damages/losses due to future coastal flooding events. Rising sea le
over time will shorten the returperiod (increasing the frequency) of significant flood events.
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Sedevelrisecontinues to impact areas along the Atlantic coast of New Jersey ariRiti@nBay. Effects will reach some
low lying andnland communities as rivers that empty into either the Atlantic OcedRasitanBaysuch as the Manasquan,
Navesink, Shark, and Shrewsbury Rivélisexperience a subsequent rise in their water levEigure4.11-3 Permanent
Inundation Under Sea Level Rise Scenaiiodlonmouth Countyisualizes three potentidlooding fromsea level rise

scenarios, at the23- and 5 foot levels(measured from current mean highbighwater levels) and their resulting areas
of permanent inundation in Monmouth County

Figure 4.188 Permanent Inundation Under Sea Level Rise Scenarios in Monmouth County
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Source: NOAA, 2024

On July 17, 2023NJDEP adopted its Inland Flood Protection Rule which, among other actions, establishes a new DI
standard for specific types of new construction and redevelopment. The new DFE is 3 feet above the elevation of the 1
Chance Annual Flood for New Jersey (Whec also known as the 18@@ar flood) or, where NJDEP flood mapping is

I oFAflotSEs W FSSG F020S bws59tQa Ft22R KITFNR FNBIF RS

flood plus 3 feetTo help visualize the nemle, Rutgers University created tiNg Inland Design Flood Elevation Latger

be used as a neregulatory planning toolvhich helps visualize potential future conditions in thate. Figure4.11-4 NJ
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Inland Design Flood Elevatioshows the new NJ Inland Design Flood Elevation in bright sky blue in comparison to the
existing BFE which is depicted in navy blue.

Figure 4.104 NJ Inland Design Flood Elevation
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Built Environment, Infrastructure and Community Lifelines

In order to assess floodulnerability a Gl$ased analysis was used to estimate exposure to flood events using FEMA's
best available floodplain daia combination with local tax assessor recortise parcel level data was filtered to exclude
undeveloped parcels such as open space or vacant parcels to determine the number of parcels in the town which we

HAZARD MITIGATION PLAN 2026

considered developed. The developed parcels were then intersected with the 1% and 0.2% hancalfloodplain layers
to determine the percentage which lie at least partially within the floodplaiable 4.1-4 Vulnerability of Developed
Parcels to Flood Hazard by Jurisdictionntains the results of this analysiSea Bright, Keansburg, and UniBeach

contained the highest percentage of developed parcels located within the floodplain while Shrewsbury Township
Freehold Borough and Roosevelt contained the low&hts data helps to understand which municipalities contain the
highest exposure to flood hazard and can help in identifying which communities have developed in areas which are mo
or less floodprone when compared to total floodplain area numbers.

Table 4.1&4 Vulnerability of Developed Parcels to Flood Hazard by Jurisdiction

T Percent of Parcels Considered
Municipality Developed

Aberdeen, Township of
Allenhurst, Borough of

Allentown, Borough of

Asbury Park, City of

Atlantic Highlands, Borough of
AvonBy-TheSea, 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
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
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92.7%
97.4%
94.2%
87.7%
92.7%
98.5%
97.4%
97.5%
97.2%
92.8%
93.8%
95.1%
96.6%
98.3%
95.7%
97.8%
94.3%
96.8%
92.8%
96.1%
83.8%
95.6%
93.5%
94.5%
96.1%
97.9%
97.9%
95.7%
97.2%
96.4%
96.0%

7.8%
1.8%
12.1%
2.4%
10.1%
19.0%
12.9%
0.2%
19.0%
18.8%
9.5%
2.6%
21.9%
5.0%
7.2%
0.2%
4.0%
13.7%
56.1%
4.1%
3.5%
15.2%
90.6%
12.5%
2.8%
17.8%
39.4%
16.7%
5.5%
57.9%
4.4%

PercentDeveloped Parcels in PercentDeveloped Parcelsi
1% AnnualChance Floodplain | 0.2% Annual Chance Floodplai

2.0%
2.7%
1.2%
1.7%
1.1%
12.5%
14.1%
7.7%
3.5%
0.5%
0.1%
3.2%
2.9%
1.0%
NA
NA
0.3%
4.7%
0.4%
0.2%
0.2%
0.7%
6.4%
4.3%
4.7%
4.5%
12.4%
14.3%
0.9%
7.8%
0.9%
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PercentDeveloped Parcelsi

Municipalit Percent of Parcels Considered| PercentDeveloped Parcels in i
pality Developed 1% AnnualChance Floodplain | 0.2% Annual Chance Floodplai

Matawan, Borough of 94.0% 7.3% 0.0%
Middletown, Township of 96.0% 17.2% 3.4%
Millstone, Township of 91.8% 7.0% 0.7%
Monmouth Beach, Borough of 93.5% 72.8% 9.4%
Neptune City, Borough of 96.3% 11.8% 0.9%
Neptune, Township of 96.2% 8.6% 1.7%
Ocean, Township of 95.6% 6.5% 1.4%
Oceanport, Borough of 95.3% 42.2% 16.7%
Red Bank, Borough of 97.5% 3.4% 0.6%
Roosevelt, Borough of 93.4% 0.6% NA

Rumson, Borough of 96.6% 27.4% 4.1%
Sea Bright, Borough of 89.1% 98.9% 1.0%
Sea Girt, Borough of 96.8% 10.6% 5.5%
Shrewsbury, Borough of 98.3% 3.7% 6.7%
Shrewsbury, Township of 99.7% NA NA

Spring Lakéleights, Borough of 97.5% 13.1% 8.9%
Spring Lake, Borough of 98.6% 4.4% 1.2%
Tinton Falls, Borough Of 96.3% 2.8% 1.5%
Union Beach, Borough of 89.6% 71.8% 15.0%
Upper Freehold, Township of 94.7% 10.4% 0.0%
Wall, Township of 96.1% 6.2% 0.4%
WestLong Branch, Borough of 97.5% 1.6% 2.6%
Monmouth County 94.3% 12.5% 2.8%

Source: FEMA 2024, NJ MOD

To estimate potential losses resulting from the flood hazard, a HAZ @nalysis was conducted for both riverine and
O2ladGrtf Ft22RAy3 dzaAy3d C9al! Qa-MHNSmatey flogdpldidboundaries, poteid O (i
exposure for each eveifitequency, and loss estimates based on probabilistic scenarios for 10%, 2%, 1%, and 0.2% Annt
Chance Flood Event using a Level 2 analyskould be noted that some municipalities have no output in the HAZUS
analysis. HAZUS outputsod analysis tdhe Census tract levals dasymetric blocksothe analysi®nlyfocuses orareas

with populations rather than the full geometigf the jurisdiction.If the flood depth grid doesn't intersect any of those
dasymetric blocks, then will not resut in any damag output. Table 4.1-5 Total Estimated Loss for the 1% Flood Event

by Municipality displays the results of the HAZUS analysis.

Table 4.165 Total Estimated Loss for the 1% Flood Event by Municipality
Expected Lodsr the 1%Annual Chance

Expected Annual Losses from the 1%

Jurisdiction Annual Chance Flood Event

Flood Event

Aberdeen, Township of - -

Allenhurst, Borough of $832000 $8,320
Allentown, Borough of $8,652000 $86,520
Asbury Park, City of $26,854000 $268,540
AtlanticHighlands, Borough of $48,910000 $489,100
AvonByTheSea, Borough of $42,326000 $423,260
Belmar, Borough of $111,094000 $1,110,940
Bradley Beach, Borough of $4,819000 $48,190
Brielle, Borough of $33,947000 $339,470
Colts Neck, Township of $13,474000 $134,740
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Expected Lodsr the 1%Annual Chance

Flood Event

Expected Annual Losses from the 1%
Annual Chance Flood Event

Deal, Borough of $10,427000 $104,270
Eatontown, Borough of $25,261000 $252,610
Englishtown, Borough of $15,124000 $151,240
Fair Haven, Borough of $3,11Q0000 $31,100
Farmingdale, Borough of $3,331,000 $33,310
Freehold Borough of $6,000 $60
Freehold, Township Of $19,999 000 $199,990
Hazlet, Township of $170,956000 $1,709,560
Highlands, Borough of $255,844000 $2,558,440
Holmdel, Township of $3,104000 $31,040
Howell, Township of $60,666000 $606,660
Interlaken, Borough of $12,851000 $128,510
Keansburg, Borough of $413,336000 $4,133,360
Keyport, Borough of $52,589000 $525,890
Lake Como, Borough of $3,769000 $37,690
Little Silver, Borough of $38,647000 $386,470
Loch Arbour, Village of $6,115000 $61,150
Long Branch, City of $208,060000 $2,080,600
Manalapan, Township of $38,665000 $386,650
Manasquan, Borough of $339,038000 $3,390,380
Marlboro, Township of $31,348000 $313,480
Matawan, Borough of -
Middletown, Township of $593,770000 $5,937,700
Millstone, Township of $4,753000 $47,530
Monmouth Beach, Borough of $118,635000 $1,186,350
Neptune City, Borough of $26,309000 $263,090
Neptune, Township of $147,588000 $1,475,880
Ocean, Township of $84,590000 $845,900
Oceanport, Borough of $166,900000 $1,669,000
Red Bank, Borough of $22,134000 $221,340
Roosevelt, Borough of $144,000,000 $1,440,000
Rumson, Borough of $88,050000 $880,500
Sea Bright, Borough of $121,900000 $1,219,000
Sea GirtBorough of $69,502000 $695,020
Shrewsbury, Borough of $3,941,000 $39,410
Shrewsbury, Township of -
Spring Lake Heights, Borough of $24,717000 $247,170
Spring Lake, Borough of $19,242000 $192,420
Tinton Falls, Borough Of $14,333000 $143,330
Union Beach, Borough of $275,088000 $2,750,880
Upper Freehold, Township of $12,67Q000 $126,700
Wall, Township of $54,429000 $544,290
West Long Branch, Borough of $95,923000 $959,230
Monmouth County $4,091,628,000 $40,916,280
Source: HAZUJ8H
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For the subset of structures identified alsfgRoperties a simple review of the history of paid claims suggests an annualized
loss of approximately 337 millionfor these 1255 properties. Without efforts to mitigate these and other individual
properties at risk from frequent flooding, annual repetitive losses can be expected to remain at this order of magnitude
and even to increase, as structures that have up until now ondy lfi®eoded once become flooded repeatedly and hence
meet the definition of "Regtitive Loss Property". A more detailed assessment of potential future losses suffered by these
properties would require a comprehensive survey of each individual repetitive loss property, which was outside the scop
of this plan. However, since the laslap was prepared, many more communities maintain a detailed inventory of
repetitive loss properties, and targeted mitigation is something that has been considered by many jurisdictions for thi:
planupdate.

During the planning process of this HMP, jurisdictions were asked to identify critical facilities within their communities
using FEMA community lifelines as a framewhifelines are the most fundamental services in the community that, when
stabilized, enable all other aspects of society to funct®mould these lifelines become disrupted following a hazard event,
priority action may be needed to stabilize them during incident respofisese facilities were geolocated and intersected

g A UK C9 a!FRal HizaabAbeedstiavailablelata layer Table 4.1-6 Percentage of Critical Facilities with Flood
Risk by Jurisdictioiilustrates the percentage of critical facilitiexatedwithin the 1% and 0.2% floodplaiim accordance

with FEMA guidance, all analyses in this plan Heeen conducted using the best readily available data.

Table 4.166 Critical Facility Vulnerability to Flood by Jurisdiction

Total Percentage Percentage
Number | of Critical | of Critical

Jurisdiction Of. . F_a(EiIities F_a(EiIities

Identified | within the | within the
Critical 1% 0.2%

Facilities | Floodplain | Floodplain
Aberdeen, Township of 23 0.0% 0.0%
Allenhurst, Borough of 5 0.0% 0.0%
Allentown, Borough of 11 27.3% 0.0%
Asbury Park, City of 28 3.6% 10.7%
Atlantic Highlands, Borough of 9 0.0% 0.0%
AvonBy-TheSea, Borough of 7 0.0% 0.0%
Belmar, Borough of 14 14.3% 7.1%
Bradley Beach, Borough of 8 0.0% 0.0%
Brielle, Borough of 13 30.8% 0.0%
Colts Neck, Township of 30 20.0% 0.0%
Deal, Borough of 6 0.0% 0.0%
Eatontown, Borough of 26 7.7% 3.8%
Englishtown, Borough of 9 11.1% 11.1%
Fair Haven, Borough of 12 0.0% 0.0%
Farmingdale, Borough of 5 0.0% 0.0%
Freehold, Borough of 1 0.0% 0.0%
Freehold, Township Of 31 0.0% 0.0%
Hazlet, Township of 68 4.4% 0.0%
Highlands, Borough of 26 7.7% 7.7%
Holmdel, Township of 8 50.0% 0.0%
Howell, Township of 33 3.0% 0.0%
Interlaken, Borough of 76 10.5% 0.0%
Keansburg, Borough of 2 0.0% 0.0%
Keyport, Borough of 12 83.3% 8.3%
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Total Percentage Percentage
Number | of Critical | of Critical

Jurisdiction Of. . F_a(EiIities F_ac_ilities
Identified | within the | within the
Critical 1% 0.2%
Facilities | Floodplain | Floodplain
Lake Como, Borough of 36 2.8% 2.8%
Little Silver, Borough of 6 0.0% 0.0%
Loch Arbour, Village of 10 10.0% 0.0%
Long Branch, City of 41 7.3% 14.6%
Manalapan, Township of 65 7.7% 1.5%
Manasquan, Borough of 11 0.0% 9.1%
Marlboro, Township of 40 0.0% 0.0%
Matawan, Borough of 16 12.5% 0.0%
Middletown, Township of 100 12.0% 4.0%
Millstone, Township of 24 16.7% 0.0%
Monmouth Beach, Borough of 10 60.0% 10.0%
Neptune City, Borough of 7 0.0% 0.0%
Neptune, Township of 64 7.8% 0.0%
Ocean, Township of 50 8.0% 0.0%
Oceanport, Borough of 4 25.0% 50.0%
Red BankBorough of 24 8.3% 0.0%
Roosevelt, Borough of 4 0.0% 0.0%
Rumson, Borough of 12 16.7% 0.0%
Sea Bright, Borough of 3 100.0% 0.0%
Sea Girt, Borough of 8 12.5% 0.0%
Shrewsbury, Borough of 10 0.0% 0.0%
Shrewsbury, Township of 0 NA NA
Spring Lakéleights, Borough of 11 9.1% 9.1%
Spring Lake, Borough of 6 0.0% 0.0%
Tinton Falls, Borough Of 33 6.1% 0.0%
Union Beach, Borough of 14 50.0% 14.3%
Upper Freehold, Township of 47 19.1% 0.0%
Wall, Township of 63 11.1% 0.0%
West Long BranciBorough of 18 5.6% 5.6%
Monmouth County 1200 10.6% 2.4%

Source: FEMA, Monmouth County Office of GIS, NJDEP, NJGIN, Monmouth County Jurisdictions
Sea Level Rise

In order to assesthe / 2 dzy risRt@sea level ris€SLR)a Glhased analysisimilar to the analysis performed for flood

risk was conducted. This analysis seeksstimate exposure to flood eventsusibgh ! | Q& &SI+ € S@St N&A
in combination with local tax assessor records. The parcel level data was filtered to exclude undeveloped parcels such
open space or vacant parcels to determine the number of parcels in the town which were considered developed. Tt
developed parcels we then intersected with thelelineated projection oP- foot and 5foot SLRayers to determine the
percentageof developed parcels which are at least partially within the SLR inundation. skeaseen inrable 4.1-7

below, Sea Bright Borough{eansburgBorough, and Monmouth Beach Borougbntained the highest percentage of
developed parcels located within tf8LR inundation areaghile inland municipalities had no vulnerabilityhis data helps

to understand which municipalities contain the highest exposure to flood hazard and can help in identifying whict
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communities have developed in areas which are more or\easterable to sea level risgshen compared to totaland
areainundationnumbers.

Table 4.167 Vulnerability to Sea Level Rise by Jurisdiction
Percent Land Area Percent Land Area
BT Permanently
Inundated under 2 Inundated under 5
feet SLR feet SLR

Percent of Parcels | PercentDeveloped | PercentDeveloped
Municipality Considered Parcels Vulnerable| Parcels Vulnerable

Developed to 2 feet of SLR to 5 feet of SLR

Aberdeen, Township

o 92.7% 0.8% 1.8% 8.3% 10.0%
Allenhurst, Borough o 97.4% 0.3% 0.3% 1.1% 2.1%
Allentown, Borough of 94.2% 0.0% 0.0% 0.0% 0.0%
Asbury Park, City of 87.7% 0.0% 0.0% 0.5% 1.2%
gg?c:‘;'gcth')?h'a"dS' 92.7% 1.2% 5.6% 2.0% 7.2%
g‘c')?;‘uzf:fesea’ 98.5% 6.6% 24.9% 13.4% 23.8%
Belmar, Borough of 97.4% 2.7% 5.6% 28.7% 32.5%
EFEC 2 BB 97.5% 0.0% 0.0% 1.7% 2.6%

Borough of ’ 70 70 170 070
Brielle, Borough of 97.2% 8.9% 16.2% 24.2% 28.4%
ng'ts NEES, Ve 92.8% 0.0% 0.0% 0.0% 0.0%
Deal, Borough of 93.8% 2.3% 3.1% 1.7% 2.5%
('ff"’“omc’w”' oy 95.1% 0.0% 0.0% 0.1% 0.2%
Efng"smo""”' Borough 96.6% 0.0% 0.0% 0.0% 0.0%
E:"r L, gl 98.3% 6.9% 7.5% 24.5% 25.3%
Efarm'”gda'e’ Borougf 95.7% 0.0% 0.0% 0.0% 0.0%
Freehold, Borough of 97.8% 0.0% 0.0% 0.0% 0.0%
(F;fee“o'd' Township 94.3% 0.0% 0.0% 0.0% 0.0%
Hazlet, Township of 96.8% 1.6% 6.2% 2.0% 5.1%
Highlands, Borough o 92.8% 10.6% 45.7% 19.3% 42.4%
Holmdel, Township of 96.1% 0.0% 0.0% 0.0% 0.0%
Howell, Township of 83.8% 0.0% 0.0% 0.0% 0.0%
Interlaken, Borough o 95.6% 0.0% 0.0% 0.0% 0.0%
Efea”Sb“rg’ Borough 93.5% 1.9% 73.4% 6.2% 49.4%
Keyport, Borough of 94.5% 3.7% 7.7% 11.9% 16.5%
t?ke Como, Borough 96.1% 0.0% 0.0% 0.0% 0.0%
t}tt'e ST, e 97.9% 8.7% 14.4% 18.3% 27.4%
E?Ch Arbour, Village 97.9% 0.0% 0.7% 1.6% 3.4%
Long Branch, City of 95.7% 2.6% 9.5% 5.4% 12.7%
c'\)’;a”a'apa”’ Townshig 97.2% 0.0% 0.0% 0.0% 0.0%
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Percent Land Area Percent Land Area
Permanently Permanently
Inundated under 2 Inundated under 5
feet SLR feet SLR

Percent of Parcels | PercentDeveloped | PercentDeveloped
Municipality Considered Parcels Vulnerable| Parcels Vulnerable

Developed to 2 feet of SLR to 5 feet of SLR

Manasquan, Borough

of 96.4% 26.0% 58.3% 19.4% 40.2%
('\)’;a”boro' Township 96.0% 0.0% 0.0% 0.0% 0.0%
Matawan, Borough of 94.0% 0.2% 0.2% 1.9% 2.2%
Middletown, 96.0% 2.2% 10.0% 8.1% 13.6%
Township of

c'\)’]["'StO”e' T 91.8% 0.0% 0.0% 0.0% 0.0%
'\B"c?rrc‘ﬁgk‘]“ngeaCh' 93.5% 20.1% 64.6% 53.2% 74.9%
ggfgﬁgﬁ ch'ty’ 96.3% 2.2% 3.2% 1.9% 3.5%
Neptune, Township of 96.2% 2.0% 4.7% 8.3% 10.1%
Ocean, Township of 95.6% 0.0% 0.0% 0.0% 0.0%
Oofcea”port' Borough 95.3% 15.7% 37.7% 24.9% 35.6%
Red Bank, Borough o 97.5% 4.4% 4.7% 20.8% 22.6%
RooseveltBorough of 93.4% 0.0% 0.0% 0.0% 0.0%
Rumson, Borough of 96.6% 19.0% 27.8% 34.8% 42.6%
Sea Bright, Borough ¢ 89.1% 36.5% 79.6% 53.3% 75.7%
Sea Girt, Borough of 96.8% 0.1% 0.1% 0.8% 8.6%
gfhreWSb“ry' Borough 98.3% 1.8% 2.7% 2.5% 4.9%
ifhreWSb“ry' e 99.7% 0.0% 0.0% 0.0% 0.0%
Sg[g‘fghac')‘fe Heights, 97.5% 0.0% 0.0% 1.2% 2.4%
ffp””g Lele, Heruel 98.6% 0.0% 0.0% 0.0% 0.0%
g‘f”ton Falls, Borough 96.3% 0.6% 0.7% 1.3% 1.6%
;meon SieEien, [Banee] 89.6% 5.7% 34.6% 30.4% 48.3%
$§V‘3’flrs;r§i?°'d‘ 94.7% 0.0% 0.0% 0.0% 0.0%
Wall, Township of 96.1% 1.4% 1.5% 2.2% 2.7%
West Long Branch, 97.5% 0.2% 0.4% 0.1% 0.2%
Borough of ' ' ' ’ '
Monmouth County 94.3% 2.3% 7.0% 3.2% 5.7%

Source: FEMA, Monmouth Coufiffice of GIS, NOAA

~ 7

la LINI 2F GKAAa Fylrftearas 3I3S2t20FGSR [/ 2YYdzy A G &Lif¢lided St )
are the most fundamental services in the community that, when stabilized, enable all other aspects of society to.functior
Should these lifelines become disrupted following a hazard event, priority action may be needed to stabilize them durin
incident response. The following table illustrates the percentage of critical facilities withirftw 2nd5-foot SLR areas

of inundation byjurisdiction.
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Table 4.168 Critical Facility Vulnerability to Sea Level Rise by Jurisdiction

Total Number of Identified Percentage of Critical Percentage ofCritical

Jurisdiction Critical Eacilities Facilities Vulnerablg to 2 Facilities Vulnerablg to5
feet Sea Level Rise feet Sea Level Rise
Aberdeen, Township of 23 0.0% 0.0%
Allenhurst, Borough of 5 0.0% 0.0%
Allentown, Borough of 11 0.0% 0.0%
Asbury Park, City of 28 0.0% 0.0%
Atlantic Highlands, Borough of 9 0.0% 0.0%
AvonBy-TheSea, Borough of 7 0.0% 0.0%
Belmar, Borough of 14 0.0% 7.1%
Bradley Beach, Borough of 8 0.0% 0.0%
Brielle, Borough of 13 0.0% 15.4%
Colts Neck, Township of 30 0.0% 0.0%
Deal, Borough of 6 0.0% 0.0%
Eatontown, Borough of 26 0.0% 0.0%
Englishtown, Borough of 9 0.0% 0.0%
Fair Haven, Borough of 12 0.0% 0.0%
Farmingdale, Borough of 5 0.0% 0.0%
Freehold, Borough of 1 0.0% 0.0%
Freehold, Township Of 31 0.0% 0.0%
Hazlet, Township of 68 0.0% 0.0%
Highlands, Borough of 26 12.5% 62.5%
Holmdel, Township of 8 0.0% 0.0%
Howell, Township of 33 0.0% 0.0%
Interlaken, Borough of 76 0.0% 0.0%
Keansburg, Borough of 2 0.0% 25.0%
Keyport, Borough of 12 0.0% 0.0%
Lake Como, Borough of 36 0.0% 0.0%
Little Silver, Borough of 6 0.0% 0.0%
Loch Arbour, Village of 10 0.0% 0.0%
Long Branch, City of 41 0.0% 1.5%
Manalapan, Township of 65 0.0% 0.0%
Manasquan, Borough of 11 0.0% 0.0%
Marlboro, Township of 40 0.0% 0.0%
Matawan, Borough of 16 0.0% 0.0%
Middletown, Township of 100 4.2% 8.3%
Millstone, Township of 24 0.0% 0.0%
Monmouth Beach, Borough of 10 0.0% 28.6%
Neptune City, Borough of 7 0.0% 0.0%
Neptune, Township of 64 0.0% 2.0%
Ocean, Township of 50 0.0% 0.0%
Oceanport, Borough of 4 0.0% 0.0%
Red Bank, Borough of 24 0.0% 0.0%
Roosevelt, Borough of 4 0.0% 0.0%
Rumson, Borough of 12 0.0% 0.0%
Sea Bright, Borough of 3 0.0% 0.0%
Sea Girt, Borough of 8 0.0% 0.0%
Shrewsbury, Borough of 10 0.0% 0.0%
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Total Number of Identified Pe_r_c_entage of Critical Pe'r_c_entage ofCritical
Jurisdiction Critical Facilities Facilities Vulnerable to 2 Facilities Vulnerable to 5
feet Sea Level Rise feet Sea Level Rise
NA NA

Shrewsbury, Township of

Spring Lake Heights, Borough of 11 0.0% 0.0%
Spring Lake, Borough of 6 0.0% 0.0%
Tinton Falls, Borough Of 33 0.0% 0.0%
Union Beach, Borough of 14 0.0% 7.1%
Upper Freehold, Township of a7 0.0% 0.0%
Wall, Township of 63 0.0% 1.6%
West Long Branch, Borough of 18 0.0% 0.0%
Monmouth County 1200 0.2% 1.6%

Source: FEMA, Monmouth County Office of GIS, NJDEP, NJGIN, Monmouth County Jurisdictions
Population and Economy

The most vulnerablg@opulation of those exposed to the hazartlude the economicallgisadvantaged and thelderly
Economically disadvantaged populations are more vulnerable because they are likely to evaluate their risk and ma
evacuation decisions based on the net economic impact to their family. Those over 65 are also more vulnerable becau
they are more likelyo seek or need medical attention which may not be available during a flood event, and they may
have more difficulty evacuating.

Ecosystems and Natural Assets

While some flooding can be beneficial for certain ecosystems, excessive or sudden flooding can have sigggatiaat
environmental impacts.dss of biodiversity andverallhabitat degradatiorcan be caused bgoil erosion, destrction of
vegetation, contaminatin of water supply byollutants leveling of dunes and erosion of beaches, and harm to wildlife.

Infill development and redevelopment would not be likely to substantially increase a jurisdiction's overall exposure tc
flooding because existing structures would be replaced with new structures, and the new structures would be built tc
higher codes and anhdards offering a certain degree of protection from the haz&tdwever, geenfield development
would be more likely to have the potential substantially increase a jurisdiction's overall vulnerability to the hazard
because a new structure would be placed on previously undevelopedrarehsing impervious surface

Jurisdictions with a potential for future development trends to substantially increase flood hazard vulnerability under
existing conditions should: (a) include flood mitigation measures in their mitigation strategies; and/or (b) select
jurisdictional planintegration initiatives for the next plan maintenance phase that can potentially reduce risk for future
development.

Jurisdictions with a potential for future development trends to substantially increase flood hazard vulnerability under
future conditions (with sea level rise) should: (a) include sea level rise mitigation measures in their mitigation sfrategies
and/or (b) select jurisdictional plan integration initiatives for the next plan maintenance phase that can potentially
reduce risk for future development.
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4.11 HURRICANE AND TROPICAL STORM

Hurricanes and tropical storms are classified as cyclones and defined as any closed circulation developing areund a |
pressure center in which the winds rotate counterclockwise in the Northern Hemisphere (or clockwise in the Souther
Hemisphere) and witla diameter averaging 10 to 30 miles across. When maximum sustained winds reach or exceed 3
miles per hour, the system is designated a tropical storm, given a name, and is closely monitored by the National Hurrica
Center. When sustained winds reaclegsceed 74 miles per hour the storm is deemed a hurricane. The primary damaging
forces associated with these storms are highel sustained winds, heavy precipitation and tornadoes. Coastal areas are
also vulnerable to the additional forces of storm surg@nd-driven waves and tidal flooding which can be more
destructive than cyclone wind. The majority of hurricanes and tropical storms form in the Atlantic Ocean, Caribbean Se
and Gulf of Mexico during the official Atlantic hurricane season, which estiEoch June through November.

The entire planning area is located within a geographic area that is affected by hurrasatiespical storms.

As a hurricane develops, barometric pressure (measured in millibars or inches) at its center falls and winds increase. If 1
atmospheric andceanic conditions are favorable, it can intensify into a tropical depression. When maximum sustainec
winds reach or exceed 39 mph, the system is designated a tropical storm, given a name and is closely monitored by |
National Hurricane Center in Miankilorida. When sustained winds reach 74 mph the storm is deemed a hurricane.

Hurricane intensity is further classified by the Se#impson ScalséeTable 412 - 1 Saffi-Simpson Scale for Hurricangs
which rates hurricane intensity in categories on a scale of 1 to 5 based upon wind, with Category 5 being the most inten:
The SaffiSimpson Scale categorizes hurricane intensity linearly based upon maximum sustained winds, barometr
pressure and stan surge potentiglwhich are combined to estimate potential damage. Categories 3, 4 and 5 are classified
as "major" hurricanes, ahwhile hurricanes within this range comprise only 20 percent of total tropical cyclone landfalls,
they account for over 70 percent of the damage in the Uniitakes.

Table 4.111 SaffirSimpson Scale for Hurricanes

Maximum

Storm Sustained Minimum Surface

Pressure Storm Surge (ft) | Damage Level Description of Damages
(Millibars)

Category | Wind Speed
(mph)

No real damage to building structures. Damage
primarily to unanchored mobile homes, shrubber
and trees. Also, some coastal flooding and mino
pier damage.

Some roofing material, door and window damag
Considerable damage to vegetation, mobile

2 96-110 979965 6-8 Moderate homes, etc. Flooding damages piers and small ¢
in unprotected moorings might break their
moorings.

1 74-95 Greater than 980 35 Minimal
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Maximum

Storm Sustained Minimum Surface

Pressure Storm Surge (ft) | Damage Level Description of Damages
(Millibars)

Category | Wind Speed
(mph)

Some structural damage to small residences anc
utility buildings, with aninor amount of
curtainwall failures. Mobile homes are destroyed

3 111-129 964-945 9-12 Extensive 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 structure failure on small

4 130156 944920 1318 Extreme . . .
residences. Major erosion of beach areas. Terra
might be flooded well inland.
Complete roof failure on many residences and
industrial buildings. Some complete building

5 157 + Less than 920 19+ Catastrophic failures with small utility buildings blown over or

away. Flooding causes major damage to lower
floors of all structures near the shoreline. Massiv
evacuation of residential areas might be requirec

Source: National Oceanic and Atmospheric Administration

Monmouth County has a history of hurricanes and tropical stotsording to NOAA historicegcords,five tropical

storm tracks traversed directly through Monmouth County since 1&ifure 412-1 Historical Hurricane and Tropical
Storm Tracks, 185& 2016the 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 even
Table 412-2 Hurricane and Tropical Storm Tracks Directly over Monmouth County Since 1860ides the date of
occurrence, storm name (if applicable), maximum wind speed and category of the storm based on th&if8pfon
Scale.

Notable Storms within 75 miles of Monmouth County are listed in further detathe next pageAlthough a hurricane
or tropical storm making direct landfall can have a more serious impact, when a hurricane or tropical storm track paralle
to the coast impacts can be widespread (Lam, 2016).

Table 4.112 Hurricane and Tropical Storm Tracks Directly over Monmouth County Since 1850

9/28/1861 Unnamed Tropical Storm
10/30/1866 Unnamed 60 Extratropical Storm
10/26/1872 Unnamed 45 Tropical Storm
9/30/1874 Unnamed 65 Tropical Storm
9/30/1924 Unnamed 60 Extratropical Storm
6/19/1934 Unnamed 45 Extratropical Storm
7/30/1960 Brenda 50 Tropical Storm
8/28/1971 Doria 60 Tropical Storm
7/13/1996 Bertha 70 Tropical Storm
9/6/2008 Hanna 45 Tropical Storm
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8/28/2011 Irene Tropical Storm
7/11/2020 Fay 40 Tropical Storm
9/2/2021 Ida 45 Extratropical Storm

Source: NOAA 2024

Figure 4.111 Historical Hurricane and Tropical Storm Tracks, 1831023
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September 1415, 1944The entire coast of New Jersey was struck by hurricane force winds associated with the Categor
2 Hurricane. Windelocities 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 Tow#igkiletivn.

September 12, 1960 (Hurricane Donnidurricane 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

maximum tidal elevation of 8.6 feet at the gage at Sandy Hook.
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August 9, 1976 (Hurricane BellElurricane 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-Bdur 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 Gloridrricane Gloria came ashore in Long Island, New, derla Category 2 storm.

The storm knocked out power and forced people to be evacuated from homes along the Jersey Shore, includir
Monmouth County. Floodwaters on Long Beach Island split the island in half for a period of time. Gloria downed thousan
of trees and caused extensive power outages acrosSiite. Storm surge tides averaged two meters above predicted
tide levels; however, coastal flooding was minimiasdhe peak surge arrived during liae.

July 13, 1996 (Tropical Storm Bertha)weakening Tropical Storm Bertha passed across eastern parts@&atbeon July

13th. One storrrrelated death occurred on the 12th. A<4#&arold 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 tide
Otherwise, tidal departures were about two feet or less from normal. Only Monmouth Beach suffered severe beact
erosion. Sixty feet of the 12@ot-wide beah at the south of the borough was gone. This beach is one of dozens in New
Jersey that was being replenished undé&t@ACRroject. 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 wate
rescues of trapped motorists.

July 16, 1999 (Tropical Storm Floythopical 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 ra
made it easier for trees to be knocked over. In MoutioCounty, the worst floodelated 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 tinjpd-arther inland, Manalapan was hardest

hit with overflowing brooks that forced the closure of six roads and sandbagging of homes on Birmingham Road. Tl
strongest winds occurred during the evening and blew down transformers, wires, tree limbs anal $ees throughout

the County. Coastal areas escaped with minimal damage: just some minor beach erosion and minor back bay flooding
times of high tide. Precipitation storm totals in Monmouth County include 6.4 inches in Hazlet, 5.82 inches in Marlborc
5.2 inches in Sandy Hook, and 4.57 inché&ensburg.

September 1819, 2003 (Tropical Storm Isabelsabel produced strong winds and rough surf. In Monmouth County,
$100,000 in property damage was recorded byENEeak 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 erosic
The heaviest rain with tropical systems often falls west of its stoack, thus the region was spared from the heavier rain
with most locations reporting less thdn5inches.

September 6, 2008 (Tropical Storm HanrEppical Storm Hanna made landfall on SeptemB&néar the border of

North and South Carolina before making a second landfall in New Jersey in eastern Cumberland County. Hanna brou
heavy rain and strong winds with storm totals ranging from around 2 to 5 inches and peak wind gusts in Monmouth Coun
of 45 mph in Keansburg and Ocean Grove. The combination of the winds and heavy rain caused some weak trees and
limbs to be knocked down. About 2,600 homes and businesses lost power in Monmouth and Ocean Counties. All pow
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 theldimed the life of a 3§ear old man in Spring Lake

and led to multiple rescues along Monmouth County beaches including Long Branch, Sea Bright, an@&nalley

August 2728, 2011 (Tropical Storm Irend&ene produced torrential downpours that resulted in major flooding and a
number ofrecord-breakingcrests on area rivers, tropical storm force wind gusts with record breaking outages for New
Jersey utilities, and a three to fifeot storm surge that caused moderate to severe tidal flooding with extensive beach
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erosion over the weekend of August-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 manda
for all resiegnts to evacuate. Evacuations in Asbury Park, Belmar, Bradley Beach, Highlands, Middletown, Manasquz
Spring Lake, Union Beadind Wall Township were limited to flood prone areas. Power outages were widespread.
Moderate to severe tidal flooding occurredong 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 businesse
The combination of wind and flooding forced the closure of @60 main roadways in th&ate. 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
Swimming River Reservoir and flooded the southern part of the township around Coumty 5 Elsewhere in the
township, a bridge washed out at Hubbard Avenue over the Navesink River. In Allentown, businesses located near Doct
Creek and Conines Millpond were damaged. In Matawan, a ifiiiyfoot sinkhole forced the suspension of seevalong

the New Jersey Transit North Jersey Coast Line. The Manasquan River at Squankum had major abhrba&ouyd
flooding, cresting at 13.06 feet on the 28th. Event rainfall totals included 8.75 inches in Freewood Acres, 8.57 inches
Howell, 8.07 iohes in Red Bank, 6.72 inches in Eatontown and 6.13 inches in Lake Como. FEMA reported that fede
disaster assistance statewide topped $275 million through Decembe2011 with the following approvals:

1 48,904 registrations were approved fassistance
1 Nearly $152 million was approved under the Housing Assistance program for hoepsng

1 Nearly $100 million was approved in U.S. Small Business Administrationtéoast loans to 2,585 households
andbusinesses

1 More than $13 million was approved for Other Needs Assistance (i.e., personal property, transportation,
medical/dental expensegtc.),

1 More than $10 million in Public Assistance funds for rebuilding pirtfistructure and
1 Nearly $100,000 Disaster Unemployment Assistance for those who lost jobs becausdisager

October 29, 2012 Juperstorm Sandy Prior to Sandy's arrival, Governor Christie calledvi@untary evacuations of
barrier communities on the 26 A State of Emergency was declared on th& @7d a mandatory evacuation of all barrier
island communities was ordered. More than 2,000 National Guard treame deployed. Tolls along sections of the
Garden State Parkway and all of the Westbound Atlantic City Expressway were suspended. On O€jdbersRiEnt
Barack Obama signed a federal emergency declaration for New Jersey. All State Parks and Historic Sites were closed.
that afternoon, New Jersefransit began a gradual systewide shut down.

Sandy made landfall in Atlantic County as a post tropical storm in Brigantine City ori"th&pP®@oximately 130 miles of

the Garden State Parkway was closed from Woodbridge in Middlesex County to its terminus in Cape May County. T
New Jersey Turnpike was closeddamtral 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. Qrinbel&p

after Sandy's landfall, all 580 school dissigt theSate were closed. All courts arfilate offices were closed. Over 200
roadways were closed. Numerous boil water advisories were issued for the northern and coastal partSatetheome

that lasted into November. Governor Christie postponed Halloween irSthte until November 5th. On October 31
Amtrak started limited rail service. State offices were still closed, but some schools reopened. Most major roadways aw:
from the immediate coast including the New Jersey Turnpike were reopenedNdwamber 1st, Governor Christie
rescinded evacuation orders for some of the Atlantic County barrier islands. The River Line Transit service betwe
Camden and Trenton resumed. New Jersey Transit bus service resumed as did the Gapeddayerry. On Novdrar

2nd, the governor lifted the evacuation order for Atlantic City and the casinos opened the next day. Evacuation ordel

4.0-81 4.0 RISK ASSESSMENT



HAZARD MITIGATION PLAN 2026

were also lifted for Cape May County. Limited New Jersey Rail Service resumed. Because of power outages, lines for
reached 100 cars long in the northern part of tRate. 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. Th
remained in effect through November #2The EPA temporarily suspended some Clean Air Act restrictions. The entire
Sate was also under oddven water restricbns. On NovemberBabout 75 major roadways were still closed. On
November 4th, rail service between Philadelphia and Atlantic City resumed. It was estimated that the average New Jers
beach became 30 to 40 feet narrower. It was difficult for people whose homes were urtaiblabto find rental
properties.

Sandy was the costliest natural disaster by far in $fz#e 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 batt&atbti8tatewide,
Sandy caused an estimated $29.4 billion in damage; destroyed or significantly damaged 30,000 homes and busines:
affected 42,000 additional structuremd was responsible for 12 death®s.new temporary inlet formed in Mantoloking
(Ocean County) where some homes were staapay. About 2.4 million households in tB&ate lost power. It would take
weeks for power to be fully restored.

Hardest hit were the coastal areas of Ocean and Monmouth Counties. Every municipalipttheted Raritan Bay and

the Atlantic Ocean suffered widespread damage in Monmouth County and every inland municipality had at least somr
sporadic damage. Union Beach and Sea Bright were among the hardest hit locations. In Sea Bright, many businesses \
totally destroyed, and the fishing pier collapsed. Both Spring Lake and Belmar had miles of their boardwalks destroye
Some schools were damaged beyond use. Monmadriversity 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 w
suspended indefinitely.

Sandy produced record breaking power outages. Statewide, 2.7 million utility customers lost power, by far surpassing tl
record from Tropical Storm Irene in 2011. Public Service Electric and Gas alone had power lost to 1.4 million of
customers and reped 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 nine
percent of its customer base. This lumted hardest hit areas of Ocean and Monmouth Counties. Monmouth County had
the greatest number of sustained outages of any county inRhee. Theutility 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 massi
infrastructure damage to those homes and businesses. Elsewhere i@ate power restoration was hampered by a
nor'easter that occurred on November 7th. Public Service Electric and Gaserkstibppower on November 12th and
Jersey Central Power and Light by November 14th.

The unique aspect of Sandy and unlike most tropical systems was thetishelltiycle increase of onshore winds prior to
landfall. This caused multiple high tide cycles with tidal flooding and helped produce catastrophic wave action. Recol
breaking or nearecordbreaking 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 29th.

On the ocean side, Raritan Bay, and the lower Delaware Bay experienced minor tidal flooding starting during the high ti
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 landfaijihdide cycle on the evening of the 29th.

The ocean front and Raritan Bay surge was 5 to 9 feet. A néimaltecord 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 even
survey performedy the USGS and Rutgers University determined that an estimated crest of 14.40 feet above mean lowe
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low water will be used as the new record for Sandy Hook. The entrance to New York Harbor Buoy (a relatively hew buc
had record breaking seas of 32.5 feet. The Delaware Bay Buoy (about 19 miles east of Fenwick Island, Delaware) had
that reached 24.5eet.

It was estimated that waves likely reached 12 to 24 feet along the ocean front with the largest waves along Monmouitl
County. Most of the surveyed damage to barrier island homes that were either destroyed or moved indicated that it wa
the storm surge and awe 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 me:
lower low water in Sandy Hook before the pamllapsed approximately 45 minutes before the evening high tide on the
29th. The previous record was 10.1 feet above mean lower low water during Hurricane Donna on September,12, 196
and the December 11, 1992 nor'easter. While there are no established benchmarks for tidal flooding levels at these oth
stations, the following is a list of the highest tides during Sandy. These may not represent the highest actual tide as the
were power outages and some of the graphs plateaued at high crest. The tide gdgese 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 wati
at Sea Bright, the highest crest was 13.79 feet above mean lower low water, at Belmar the higbiegiasr8.70 feet
above mean lower low water.

Strong winds associated with Sandy started to spread acrosSdke 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 maki
landfall. Most of the strong wind gusts were over by the following morning. The most pvehets measured hurricane
force wind gusts occurred in northern Ocean County and Monmouth County. Peak wind gusts included 87 mph at San
Hook, 79 mph in Sea Girt, Barnegat Light (Ocean @pantl High Point (Sussex County), 78 mph in Brick Township (Ocean
County), 75 mph in Long Branch, 73 mph in Monmouth Beawh61 mph in Wall Township. Maximum sustained winds
included 68 mph at Sandy Hook and 61 in Long Branch. Sandy was estimated to have caused $1.75billivelatedind
property damages in Monmouth County alone.

Heavy rain also occurred with Sandy. This made it easier for shallow rooted and leafed trees to be uprooted, as well
complicating tidal flooding. Event rainfall totals averaged 1 to 3 inches in the northern half &htkeand 3 to 7 inches

in the southern half of th&ate, except 6 to 12 inches along the southern tier counties of Salem, Cumberland, Cape May
and coastal Atlantic County. The steady rains associated with Sandy occurred from the 28th to the 30th throughout mo
of the Sate.

August 4", 2020 (Tropical Storm Isaias)

On Tuesday morning, August 4, 2020, Isaias reached southern New Jersey in the form of heavy rainfall followed by str
winds. Western areas of the State received the heaviest rainfall as its center clipped western Warren County befol
heading into New Yor® Lal Al aQ gAyRa& 6SNBE (GKS adaNpy3aSad adlrdSga
brought down power lines, blocked roads and caused widespread damage to buildings and vBlstésed winds of

45 to 55 mph with higher gusts were measureghr Manasquan and Sandy Hook.

LalFAlFaQ AYLIOG 2y bSé WSNBRSE ¢l a SalLlSOAlLtte RS@lFadl i
moved into New Jersey in a northerly direction it veered inland towards the western part of the State exposing most o
New Jerseytothd G4 2 NY¥ Q& NAIKG FNRBYyG ljdzZ RNFyld 6KSNB Ala 6AyRa

By late afternoon on August 4, 2020, a statewide peak of over 1.3 million electric utility customers without power wa:
recorded, mostly due to downed power lines from tree damage caused by high viin¥sonmouth County, 135,116
Jersey Central Power and Light customers reethimithout electricity, just under half of the utility's customers in the
County.
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September #, 2021 (Remnants of Hurricane Ida)

Many areas of the Shore saw heavy rainfall and a few gusty winds between 30 to 40 miglonipabuth Countywas not
nearly as affected as most of northern New Jersey, according to the National Weather Service.

Police and emergency responders worked through the night to tend to flooded roads, specifically in areas near heav
battered Middlesex County such as in Hazlet, Keyport, Manalapan and Matawan in Monmouth County.

Most of the Shoresawless than an inch of rainfall. The highest totals included 4 inches in Middletown and 3.13 inches ir
Holmdel. Freehold Township had 2.54 inches, while Colts Neck saw 2.17 inches of heavy rainfall, according to data fr
the Community Collaborative, RainaiHand Snow Cooperative. Manasquan, Red Bank and Long Branch saw around 1.
to 1.73 inches Wednesday night.

The probability of future hurricane and tropical storm events for Monmouth County is high. According to NOAA statistice
data, Monmouth County is in an area with an annual probabilityNdmedSorm between 18 and 24 percericcording

to NOAAThis empirical probability is consistent with other scientific studies and observed historical data made availabl
through a variety of federaliate and local sources. According to the NOAA data on historical storm tracks, the annual
probability of a hurricane otropical storm coming within 75 miles of Monmouth County is 22 percAr2008 study
headed by Colorado State University's Dr. William Gray concluded that the probability of a named storm making landf
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 throu
November. The peak of the Atlantic hurricane season is in early t&eptember and the average number of storms that
reach hurricanentensity per year in this basin is six. The probability of storm occurrences will vary significantly based ol
the return interval for different categories of magnitude. The probability of less intense storms (lower return periods) is
higher than more intese storms (higher return periodsjable 411-3 Peak Gust Wind Speeds Versus Return Period for
Monmouth Countyprofiles the potential peak gust wind speeds that candxpected in Monmouth County during a
hurricane event for various return periods according to FEMA's HNHUIBSs estimation methodology.

Table 4.113 Peak Gust Wind Speeds Versus Return Period for Monmouth County, NJ
44 mph 63 mph 86 mph 102 mph 115 mph 132 mph 143 mph
Source: HAZU8H, MR2

The frequency and intensity of coastal storms and severe weather events is expected to increase in the future due
climate change. In the years to come, it is anticipated that Monmouth County will observe drastic changes in storn
character, intensity, frequency, and storm tracking. Hurricanes are likely to become more intense with rising sea wate
temperatures.

The following types of impacts can be anticipated in Monmouth County's future as a result of climate change and se
level rise: inundation of lovying areas; increased frequency and extent of stoefated flooding; wetland loss; saltwater
intrusion into estuaries and freshwater aquifers; land loss through submergence and erosion of lands in coastal area
migration of coastal landforms and habitats; increased salinity in estuaries and coastal fresh; impacts to huma
populations (property losses, more freent 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 expose
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buildings and infrastructure could be subject to potentially greater losses as water levels increase, and continued rap
coastal development exacerbates the impacts of sea level rise; impacts on gravity flow stormwater systems; impacts «
non-coastal area.

Impacts of climate change and sea level rise can affect all parts of a community, including: transportation infrastructur
(ports, marinas, airports, roads, bridges, railways); public infrastructure (stormwater and wastewater managemen
systems, drinking ater 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, governme
buildings, libraries, parketc.); and economic viability of a communityarticularly 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 le
rise could lead to a potential loss a$sets that support tourism (i.e., beaches themselves as well as beach access points
lodging, restaurants, marinas, fishing habitats, ecotourism, etc.).

Built Environment, Infrastructureand Community Lifelines

Coastal areas of Monmouth County are particularly dynamic environments and are quite susceptible to hazards associat
with hurricanes and tropical storms. These susceptibilities are expected to increase over time due to the effects of se
level rise. Impats of hurricanes and tropical storms are associated with damages as a result of flooatirige, coastal

back bay and oceanfront), as well as storm surge, high winds, damaging waves, and coastal erosion. It is possible for
entire County to be impacted by hurricanes and tropical storms, though in different ways. For example, wind impacts ma
be widespread but more severe in immediate coastal areas. Structures closest to the Atlantic Coast could suffi
catastrophic damages from windurge, waves and beach erosion while impactsnland structures would be less
substantial due to lower wind speeds and abse of surge. 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 acros
County would be susceptible to overtopping and damage from floodwaters.

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 dama
Secondary impds would be associated with flying debris, as well as drifting sand from storm surges. Sand covered roac
and bridges would be common impacts. Transportation, communications, and governmental services may be severe
impacted. Impacts would be exacerbatetien coincident withigh tides, or during prolonged types of events that extend
across several tidal cycleSedevel rise will increase impacts ouvéne.

Hurricanes and tropical storms are complex combinations of discrete component hazards occurring simultaneousl
Damages during these events result from the cumulative impacts of a wide range of hazards including flooding, stor
surge, coastal erosion, waaetion, 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 higt
tide or low tide. Variations in inland winaffects 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 stommerage annual loss estimat€he current HAZUBH hurricane
model only analyzes hurricane winds and is not capable of modeling and estimating cumulative losses from all hazar
associated with hurricanes; therefore, only hurricane wind losses are reparttds section.This particular Hurricane

and Tropical Storm subsection of the plan assesses vulnerability strictly with regard to hurricane winds. Vulnerability 1
the component hazards of hurricane and tropical storm events such as flooding, storm surge, coastal weosa@ction,

and high winds are addressed separately in this section.
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As part of the plan update, a probabilistic scenario was created using FMBW®assess the vulnerability of Monmouth
County to hurricane winds. Default HAZMS wind speed data and damage functions, and methodology were used to
determine the potential stimated losses for 50100, 200, 500, and 1006year frequency events and annual expected
loss at the census tract levélccording to USGS, tierm 50-, 100G, 200+, 500, and 100§ear flood is used to simplify the
definition of a flood that statistially has a certain percent chance of occurring in any given year. In any given year, a 50
year flood has a 1 in 50 chance of occurring, ayiédr flood a 1 in 100 chance, a 5¢€ar flood a 1 in 500 chancand a
1,000year flood a 1 in 1,000 chance for occurrifighle4.11-4 Estimated Potential Losses from 5000, 200, 500,

and 100GyearHurricane Wind Eventshows estimated potential losses for-5Q00, 203, 500 and 1008year hurricane

wind event scenarios bpurisdiction as well apotential annualizedproperty damage.It should be noted that some
municipalities have no output in the HAZUS analysis. HAZUS obtpuitsaneanalysis to the Census tract level, and in
order to aggregatehat datato the municipal level, a spatial joingompleted using centroiddf a single tract contains
area in two municipalities, the data may not get captured in one jurisdiction, depending on the location of the tract
centroid.

Table 4.114 Estimated Potential Losses from 5000, 200, 500, and 1006year Hurricane WindEvents

Potential Total Losses from Hurricane Wind (2024 Values)

50-Year 100-Year 50-Year 500-Year 50-Year
Hurricane Wind | Hurricane Wind | Hurricane Wind | Hurricane Wind
Event Event Event Event

Jurisdiction Total Annualized

Losses

Hurricane
Wind Event

Aberdeen, Township of  $4,132,690  $11,121,189  $15519,265  $97,806,821  $121,051,256 $742,975
Allenhurst, Borough of $- $- $ $ $ $
Allentown, Borough of $251,433 $864,195 $610,610  $15,474,321 $33,368,858 $73,993
Asbury Park, City of $10,085,180  $28,525,694  $81,720,084  $109,742,837  $196,594,226 $1,340,406
ggf‘g:'th(')?h'a”ds' $4,312,442 $8,961,834  $20,155,623  $31,512,654 $36,586,289 $489,660
AvonByTheSea, $2,544,952 $6,770,019  $26,074516  $33,716,322 $70,139,769 $392,525
Borough of
Belmar, Borough of $6,956,863  $18,495214  $65,168,764  $90,881515  $190,594,767 $1,040,466
Efr adley Beach, Borough o5 199 433 $14,578413  $46,599,796  $60,088,110  $119,490,052 $727,701
Brielle, Borough of $11,341,740  $23,246,258  $65,092,860  $100,837,370  $223,560,614 $1,118,814
Colts Neck, Township of  $5,425308  $14,191,721  $23,804,371  $111,903,952  $179,062,372 $924,559
Deal, Borough of $5,530,520  $14,427,032  $52,188,134  $70,155,842  $132,190,810 $886,152
Eatontown, Borough of ~ $9,163251  $25,153,771  $61,467,637  $122,827,008  $190,722,023 $1,411,963
Englishtown, Borough o $305,024 $1,024,529 $1,198,687  $11,652,968 $20,617,232 $72,871
Fair Haven, Borough of ~ $7,950,323  $16,376,298  $31,643,720  $62,176,408 $74,390,136 $845,681
Farmingdale, Borough o $944,395 $2,239,351 $3,480,350  $11,248,309 $20,068,664 $103,104
Freehold, Borough of $3,282,679 $8,872,327  $12,520917  $75738,813  $137,682,307 $545,244
Freehold Township of $10,677,196  $49,753,821  $66,935784  $422,270,297  $821,152,818 $3,110,008
Hazlet, Township of $5,333,302  $13,982,246  $22,453206  $110,727,058  $125,233,949 $971,004
Highlands, Borough of $4,085,155 $9,478,593  $24,691,684  $33,017,323 $39,798,043 $547,629
Holmdel, Township of $8,115,329  $21,375,010  $33,098,537  $158,721,793  $198,526,592 $1,379,178
Howell, Township of $30,833,867  $73,320,845  $117,401,172  $469,501,483  $938,440,219 $3,874,767
Interlaken, Borough of $ $ $ $ $ $
Keansburg, Borough of $2,214,238 $5,756,793 $11,093,842 $39,165,008 $47,176,703 $414,175
Keyport, Borough of $1,659,868 $4,660,577 $7,617,000  $39,792,983 $44,822,089 $328,238
Lake Como, Borough of  $1,126,619 $3,030,521  $10,241,921  $15,860,290 $35,077,441 $176,904
Little Silver, Borough of ~ $11,512,685  $23,857,373  $48,469,204  $92,325340  $124,303,424 $1,161,358
4.0-86
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Potential Total Losses from Hurricane Wind (2024 Values)

50-Year 50-Year

Jurisdiction - .
Hurricane Wind

Total Annualized

Hurricane

Wind Event

Event

Event

Event

Losses

Loch Arbour, Village of $- $ $ $ $ $
Long Branch, City of $22,941,056  $58,075412  $180,478,769  $232,339,765  $368,073,473 $3,243,087
Manalapan, Township o $12,212,736  $34,710,412  $39,949,017  $339,443,788  $637,178,048 $2,295,250
Manasquan, Borough of ~ $8,712,600  $22,610,098  $78,138,548  $122,332,499  $293,936,752 $1,278,526
Marlboro, Township of = $19,121,461  $49,372,984  $62,550,893  $378,521,799  $577,406,428 $2,913,463
Matawan, Borough of $1,962,370 $5,541,631 $7,725053  $45,812,648 $57,435,885 $354,625
('\)’]'('dd'etown’ Township ¢33 764,765 ~ $82,501,545  $166,791,802  $467,285.666  $564,268,353 $5,185,988
Millstone, Township of $3,924200  $11,832,865  $12,172,468  $140,854,148  $300,929,196 $819,089
Monmouth Beach, $4,284,400  $11,070,266  $36,327,233  $45,929,872 $67,951,503 $680,834
Borough of

glfem””e City, Borough g3 763,793 $9,612,418  $29,965,774  $45491,362 $90,474,049 $511,062
Neptune, Township of = $21,263,891  $54,157,252  $149,711,961  $251,773,373  $477,735,873 $2,824,844
Ocean, Township of $23,856,413  $54,820,836  $139,026,235  $238,075,858  $406,798,544 $2,885,456
Oceanport, Borough of  $4,238,262  $10,434,215  $34,304218  $52,269,834 $84,027,576 $722,582
Red Bank, Borough of $5952,484  $17,200,967  $36,211,338  $98,013,982  $128,263,930 $1,075,958
Roosevelt, Borough of $- $ $ $ $ $
Rumson, Borough of $17,540,122  $35015499  $80,650,968  $126,645283  $157,763,878 $1,897,063
Sea Bright, Borough of $- $ $ $ $ $
Sea Girt, Borough of $5,101,234  $13,982,480  $53,504,126  $78,858583  $191,136,447 $819,517
Shrewsbury, Borough of ~ $2,994,835 $7,972,051  $18,963,405  $42,421,636 $65,892,033 $485,320
ifhrewsbury, Township & & & & & &
Spring Lake, Borough of ~ $6,672,343  $17,938,782  $68,734,359  $93,988,665  $219,796,782 $1,037,849
Sg:g'fgha;e Heights, $7,156,605  $16,139,193  $43276,555  $63,617,945  $132,723,315 $742,304
Tinton Falls, Borough of ~ $13,316,126  $30,094,384  $59,168,565  $155532,257  $244,612,323 $1,645,879
;lfnlon Beach, Borough ¢, 665,305 $3,887,078 $6,799,323  $34,243,583 $40,244,870 $321,813
Upper Freehold, $2,520,398 $7,530,093 $7,100,620  $153,521,349  $350,563,936 $746,163
Township of 520, 530, 100, 521, 563, :
Wall, Township of $33,095229  $76,473711  $188,764,347  $376,146,601  $754,525009 $3,875,854
West Long Branch, $5,259,690  $14,955,002  $48,352,504  $78,021,651  $132,177,828 $996,353
Borough of

Monmouth County $423,097,001 $1,046,093,604 $2,398,095,863 $6,048,287,872 $10,465,469,382  $60,038,256

Source: HAZUSGH

Population and Economy

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 hurricaner 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.

Natural Systems and Ecosystems
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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 Brdvlahasquan Project, between Sandy Hook
and Manasquan Inlet, isn@ of the largest beach construction projects completed in the US with over 25 million cubic
yards of sand placed on 25 miles of beaches.

4.12 Landslide

Landslide is defined as the movement of a mass of rock, debris, or earth down a slope when the force of gravity pullit
down the slope exceeds the strength of the earth materials that comprise to hold it in place. Slopes greater than 1
degrees are morelely 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 vegetation cover is low and/or soil water content is high.

Landslide incidence data from the New Jersey Geological and Water Survey (NJGWS), publiskéddepkis a
concentration of previous landslide occurrences in the boroughs of Atlantic Highlands and Highlands. These events we
all triggered by heavy rainfall. The four other landslide events outside of these boroughs occurred in Middletowr
Township, Feehold Township, and Howell Township (NJGW32MHistoric landslide occurrences as recorded by the
NJGWS are depicted Figure 412 ¢ 1 Previous Occurrezes of Landslides in Monmouth County and their Triggers.
Landslides in Atlantic Highlands and Highlands Boroughs are looked at more clBgglyan.12-2 Previous Occurrences

of Landslides in Monmouth County and their TriggéBetail).
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Figure 4.121 Previous Occurrences of Landslides in Monmouth County and their Triggers
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Figure 4.122 Previous Occurrences of Landslides in Monmouth County and their Trig@etail)
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The NJGW#$ublished s landslide susceptibilitglassificationsof Monmouth County based on slope angle, geologic
material on a slope, and groundwater lewel2023 Landslide susceptibility classifications correspond to those from the
1% { | AaSNRa alydzZatx ¢loftS d¢goH LyadAaddzisS 2
landslide susceptibility throughout the County, highly susitdptsoils (Landslide Classes @A) are concentrated in
northeastern Monmouth County (Rintic Highlands Borough, Highlands Borough, and Middletown Township), Howell
¢C26yaKALE YR ! LJIIJSN)I CNESK2fR ¢2gyaKAL !y Fylfeara 21
from this study illustrates Extremely High (HAZUS Claskddglide susceptibility in Atlantic Highlands and Highlands
Borough.

Obl GA2VE €

The 11 municipalitiesonsidered highly susceptible to landslidelude Fair Haven Borough, Middletown Township, Little
Silver Borough, Oceanport Borough, Rumson Borough, Freehold Township, Howell Township, Upper Freehold Towns
Atlantic Highlands Borough, Highlands Borough, and Tinton FalsidgdorAspart of this plan update9 of these 1l
municipalities have a mitigation action to mitigate against lands|idégde the othertwo have withdrawn actionssthey

have not been experiencing landslidéglditional municipalities may also have some areas susceptible to landslides. For
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a complete inventory of the land area susceptible to landslides in Monmouth County, please ré#dl¢o412-1 Total
Land Located in Landslide Areas (NJGWS)

As previously mentioned, the NJGYblishedlandslide susceptibility for Monmouth County inZ3) The total land area
located in landslide hazard areas was calculated for each municipality, as presehédafie12-1 Total Land Located in
Landslide Areas (NJGWIS3low. Based upon the analysis using NJGWS data, Upper Freehold Township (approximate
603 acres) has the greatest area delineated with landslide susceptible soils, while Highlands Borough (10.7%) and Atla
Highlands Borough (9.6%) have theagest percent of their land area delineated with landslide susceptible soils.

Table 4.121 Total Land Located in Landslide Areas (NJGWS)

- Total Land Area of Municipality T_otal Land A'rea in NJGV_VS_ Percent of Tgtal Land Ar_ea in
Jurisdiction (Acres) Defined Landslide Susceptibility NJGWS.De'f.lned Landslide
Area (Acres) Susceptibility Area (Acres)
Aberdeen, Township of 3,615.25 92.18 2.5%
Allenhurst, Borough of 166.78 0.00 0.0%
Allentown, Borough of 396.12 5.38 1.4%
Asbury Park, City of 975.75 0.00 0.0%
Atlantic Highlands, Borough of 791.22 76.10 9.6%
AvonByTheSea, Borough of 318.09 0.00 0.0%
Belmar, Borough of 951.2 0.00 0.0%
Bradley Beach, Borough of 413.35 0.00 0.0%
Brielle, Borough of 1,442.06 15.60 1.1%
Colts Neck, Township of 20,322.35 161.84 0.8%
Deal, Borough of 770.84 0.00 0.0%
Eatontown, Borough of 3,769.62 0.00 0.0%
Englishtown, Borough of 378.34 0.00 0.0%
Fair Haven, Borough of 1,335.93 0.00 0.0%
Farmingdale, Borough of 336.8 0.00 0.0%
Freehold, Borough of 1,235.59 0.00 0.0%
Freehold, Township of 24,881.36 80.59 0.3%
Hazlet, Township of 3,628.55 11.35 0.3%
Highlands, Borough of 547.83 58.57 10.7%
Holmdel, Township of 11,561.04 275.34 2.4%
Howell, Township of 39,148.96 181.80 0.5%
Interlaken, Borough of 254.6 0.00 0.0%
Keansburg, Borough of 776.33 0.00 0.0%
Keyport, Borough of 927.85 2.45 0.3%
Lake Como, Borough of 161.35 0.00 0.0%
Little Silver, Borough of 2,035.66 0.00 0.0%
Loch Arbour, Village of 73.96 0.00 0.0%
Long Branch, City of 3,505.50 0.00 0.0%
Manalapan, Township of 19,759.34 54.01 0.3%
Manasquan, Borough of 1,002.69 0.00 0.0%
Marlboro, Township of 19,477.44 186.09 1.0%
Matawan, Borough of 1,542.15 127.52 8.3%
Middletown, Township of 27,864.65 482.02 1.7%
Millstone, Township of 23,800.31 361.96 1.5%
Monmouth Beach, Borough of 1,261.94 0.00 0.0%
Neptune City, Borough of 574 0.00 0.0%
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Total Land Area of Municipality Total Land Area in NJGWS Percent of Total Land Area in

Jurisdiction (Acres) Defined Landslide Susceptibility NJGWS?e_f_ined Landslide
Area (Acres) Susceptibility Area (Acres)
Neptune, Township of 5,550.08 93.26 1.7%
Ocean,Township of 7,030.46 31.72 0.5%
Oceanport, Borough of 2,621.24 0.00 0.0%
Red Bank, Borough of 1,382.60 0.01 0.0%
Roosevelt, Borough of 1,246.51 11.99 1.0%
Rumson, Borough of 4,537.77 0.00 0.0%
Sea Bright, Borough of 781.65 0.00 0.0%
Sea GirtBorough of 714.88 0.00 0.0%
Shrewsbury, Borough of 1,393.02 0.00 0.0%
Shrewsbury, Township of 62.75 0.00 0.0%
Spring Lake Hts., Borough of 837.15 0.00 0.0%
Spring Lake, Borough of 945.86 0.00 0.0%
Tinton Falls, Borough of 9,989.22 72.69 0.7%
Union Beach, Borough of 1,203.10 0.00 0.0%
Upper Freehold, Township of 30,311.34 603.42 2.0%
Wall, Township of 20,288.47 307.55 1.5%
West Long Branch, Borough of 1,850.28 0.00 0.0%
Monmouth County 310,751.18 3,293.44 1.1%

Source NJOIT 288, NJGWS ZtB

Areas that are generally prone to landslide hazards include previous landslide areas, the bases of steep slopes, the be
of drainage channels and developed hillsides where Iditth septic systems are used. Slopes greater than 10 degrees
are more likey to slide, as are slopes where the height from the top of the slope to its toe is greater than 40 feet. Slope:
are also more likely to fail if vegetative cover is low and/or soil water content is high. Landslides occur when the slope
soil stability chages from stable to unstable, which may be caused by earthquakes, storms, volcanic eruptions, erosior
fire, or additional humaanduced activities. Although in New Jersey landslides are not as common as in other areas of th
United States, they are a gegjic 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 bl
of the Navesink Highlands area of Monmouth Qguiincluding the Boroughs of Atlantic Highlands and Highlands and
Township of Middletown). While originally attributed to coastal erosion, slumping has reportedly begun anew in the las
30 years likely due to development at the bottom of slopes, an uniyshégh water table and changes in vegetative
patterns.

According to NJGWS, 20 historical landslide events have occurred in Monmouth Gimgetyl 782, with 14 occurring
between 1999 and 2024as listed inTable 412-2 Historical Landslide Occurrences in Monmouth County9992024.
These events caused minor property damages and three injuries.

Table 4.122 Historical Landslide Events in Monmouth County§992024

Landslide, possibly due to fill material failure after heavy
September Debris
Highlands Yes rain. Onecondominium unit destroyed, three others
1999 Flow
damaged.
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August 2002 Middletown Stum Recent small slump in slunigiock possibly hundreds of
9 P years old on Navesink River bluff.

Riverbank slumping on Z6ot high bank due to
2003 Howell Slump Yes 0 0 undercutting from the Manasquan River along 200 feet ¢
Bergerville Road. Some road damage.

October 2005 Freeholpl Debris flow Yes 0 0 Landslide partl.ally blocked road after heavy rain during
Township road construction.
October 2005 Atlantlc Slump Yes 0 0 Small bapkyard slump caused by ther saturatlo.n after
Highlands heavy rain, some property damagestimated location.
. . Landslide on the bluff between Linden Avenue and Shor
April 2007 Highlands Slump ves 0 0 Drive, west of Waterwitch Drive in the Atlantic Highlands
Triggered byor'easter of March 34April 1. Located on
. . . bluff between Linden Avenue and Shore Drive west of
April 2010 Highlands Debris flow ves 0 0 Waterwitch Drive. 50 feet wide 170 feet long. Deck and
house threatened.
. Atlantic . Exact date unknowrfirst noticed in early April after baek
April 2010 Highlands Debris flow ves 0 0 to-back nor'easters of March/April.
. Atlantic . Exact date unknown, first noticed in early April after bacl
April 2010 Highlands Debris flow ves 0 0 to-back nor'easters of March/April.
. Atlantic —
April 2010 Highlands Slump No 0 0 Reactivation of old slump block.
August 2011 Highlands Debris flow Yes 0 0 Large landslide above condo complex triggered by heav

rain from Tropical Storm Irene damages condo complex

Large landslide above condo complex triggered by heav
August 2011 Highlands Debris flow Yes 0 0 rain from Tropical Storm Irene damages condo complex
Reactivation of prior landslide.

A landslide at 160 Oced@oulevard in Atlantic Highlands
on April 36May 1, 2014 during heavy rains that suppose:

April 2014 H’?“;’::;g Slump Yes 0 0 Gadyl KdzyRNBR& 2F (K2daAaly
9 YR NROlEé 2yid2 GKS | SyNB
slope.
April 2017 Atlantlc Slump Yes 0 0 Slump below a house along steep slope on Sandy Hook
Highlands Bay.

Source: New Jersey Geologarad Water Survey2(4

According to the 2P4 State HMPJandslidesare highly likely to occur in New Jersey in the future. Given changes in
precipitation, sedevel rise, and changes in development, it is possible that the potential for the magnitude/extent of the
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risk and frequency may also change. However, the location of susceptibility for landslide is expected to remain relative
static as the driving factors for the potential location of occurrence is underlying bedrock and soil formation.

Based on past occurrences described@ble 412 - 2 Historical Landslide Events in Monmouth Coun80002024and
depicted alongside landslide susceptibilityFigure 412-1 Previous Occurrences of Landslides in Monmouth County and
Their Triggers it is likely that future landslide events (primarily slumps and slump blocking) may occur in the northeast
portion of Monmouth County, including the municipalities of Atlantic Highlands Borough, Highlands Borough, anc
Middletown Township.

According to the 2P4 State HMPit is predicted that climate change will increase the frequency of geohazaiats as
landslidethrough changes in precipitation, temperature, and sea level figense rainfall can saturate and destabilize
soil creating landslide conditiondVarming temperatures and changing precipitation patterns could increase the
occurrence and duration of droughts, which could increase the probability of wildfire, reducing the vegetation that helps
to support steep slopesea level ise could increase landslide probability for unprotected beaches and bluffs.

Built Environment, Infrastructure and Community Lifelines

Secondary #ects of landslides include the disruptiontodinsportation route powerandcommunication failure, and the
destabilization of building foundationgable4.12-3: ExpectedAnnualized Losses from Landslide by Jurisdictstiows
expected annuddedf 2 84 Sa FT2NJ GKS fFyRatARS KI 1 [ EiRebtel EA kepresBritsthe &
average economic loss in dollars resulting froatural hazards each yeafrhe table includes EAL for buildings as well as
total EAL which includes building damage as well as damage to agriculture and population equivalency (the monetiz
cost of injury and fatality).

Table 4.123 ExpectedAnnual Losses from Landslide Burisdiction

‘ Expected Annual Losse8uildings Expected Annual Lossed otal

Aberdeen, Township of $1,573.30 $2,038.05
Allenhurst, Borough of $- $
Allentown, Borough of $- $
Asbury Park, City of $1.07 $1.41
AtlanticHighlands, Borough of $14,976.92 $19,765.92
AvonByTheSea, Borough of $ $
Belmar, Borough of $- $
Bradley Beach, Borough of $ $
Brielle, Borough of $- $
Colts Neck, Township of $4,250.95 $4,926.79
Deal, Borough of $- $
Eatontown,Borough of $891.82 $1,046.40
Englishtown, Borough of $1,502.51 $1,797.13
Fair Haven, Borough of $444.10 $516.09
Farmingdale, Borough of $ $
Freehold, Borough of $557.66 $741.49
Freehold, Township of $1,632.86 $1,817.66
Hazlet, Township of $195.15 $196.10
Highlands, Borough of $1,906.18 $2,333.59
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Jurisdiction Expected Annual Losse8uildings Expected Annual Lossed otal

Holmdel, Township of $12,680.11 $14,230.04
Howell, Township of $2,094.37 $2,530.00
Interlaken, Borough of $- $
Keansburg, Borough of $- $-
Keyport, Borough of $ $
Lake Como, Borough of $- $
Little Silver, Borough of $1,764.93 $2,032.91
Loch Arbour, Village of $- $
Long Branch, City of $- $-
Manalapan, Township of $7,176.45 $8,322.26
Manasquan, Borough of $ $
Marlboro, Township of $11,853.29 $13,339.35
Matawan, Borough of $916.16 $1,173.78
Middletown, Township of $21,546.97 $25,366.91
Millstone, Township of $5,060.05 $5,764.29
Monmouth Beach, Borough of $ $
Neptune City, Borough of $111.45 $137.63
Neptune, Township of $10,110.80 $12,593.58
Ocean, Township of $3,628.33 $4,048.81
Oceanport, Borough of $- $-

Red Bank, Borough of $2,689.45 $3,246.18
Roosevelt, Borough of $1,384.25 $1,605.17
Rumson, Borough of $- $

Sea Bright, Borough of $ $

Sea Girt, Borough of $- $-
Shrewsbury, Borough of $- $
Shrewsbury, Township of $ $
Spring Lake Hts., Borough of $ $
Spring Lake, Borough of $ $-
Tinton Falls, Borough of $2,814.68 $3,273.70
Union Beach, Borough of $ $
Upper Freehold, Township of $2,448.92 $2,711.45
Wall, Township of $4,865.55 $5,423.28
West Long Branch, Borough of $ $
Monmouth County $119,078.30 $140,979.97

Source: FEMA NRI
Population and Economy

The population within the landslide areas may be vulneraddpecially thostocated downslope of thaentified hazard

areas When populations are impacted, the landslide hazard can result in injury and even déatthealth hazards
associated with landslides and mudflows include rapidly moving water and debris that can Ié@dirta; broken
electrical, water, gas, and sewage lines that can result in injury or illness; and disrupted roadways and railways that c
endanger motorists and disrupt transport and access to health.care

Ecosystems and Natural Assets
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Landslide events disrupt and damage ecosystems, by destroying terrestrial and riverine habitats, changing topograpt
and causing soil and sediment runoft.

CdziidzZNB RS@St 2LIVYSyd Ay | NBFa LINRyYyS (2 BulkiggR@d re& Steepdliopes A y
without proper stabilization measures can disturb natural terrain and make the area more prone to landstesfield
development which results in deforestatisemoves tree roots that stabilize soil, increasing the likelihood of slope failure
during heavy rains asther triggering events.

Jurisdictions with a potential for future development to substantially increase landslide hazard vulnerabilityxistiag
conditions should: (a) include landslide mitigation measures in their mitigation strategies; and/or (b) select jurisdictiona
plan integration initiatives for the next plan maintenance phase that can potentially reduce risk for future development.

4.13 LIGHTNING

Lightning is a discharge of electrical energy resulting from the buildup of positive and negative charges within
thunderstorm, creating a "bolt" when the buildup of charges becomes strong enough. This flash of light usually occu
within the clouds or bveen the clouds and the ground. A bolt of lightning can reach temperatures approaching 50,000
degrees Fahrenheit. Lightning rapidly heats the sky as it flashes, but the surrounding air cools following the boltdThis raj
heating and cooling of the surrading air causes thunder. On average, 80 people are killed each year by lightning strike:
in the United States.

Monmouth County is located in a region of the country that is susceptible to lightning strikes, though not as susceptibl
as midwestern andsoutheastern statesvhere thunderstorms are more frequently occurringll areas of Monmouth
County are equally susceptible to lightning strike. While lightning occurs randomly anywhere and anytime, the mos
common location for lightning fatalities and injuries to people is in open areas such as parks, beaches, golanodurses
other recreational areas. Monmouth Courgmains 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.

According tob h ! | Q& 52letodded lightning strike incidents have affected Monmouth County from WR87 to
November2024. All incidentsombinedhave resulted in a reported total of seven direct deaths and 13 direct injuries and
caused an estimated $24million in property damages. Some more notable events include the following:

September 15, 200Q.ightning struck the communications tower of the Neptune Township Police Department, damaging
the police radios, repeaters and dispatch consoles. All 911 calls were forwardedGouhty center. The police operated
from a backup communications center until normal operations resumed later in the evening. Damages were estimated
$40,000.

August 27, 2001Lightning struck a threstory home in Upper Freehold Township. The falarm fire totally destroyed
the home and damages were estimated$®00,000.

July 11, 2002A woman was fatally struck Iightning in Bradley Beach. She was found in distress on the beach with burn
marks on the miesection of her body before she died.
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August 17, 2007A severe thunderstorm caused two fatalities and an estimated $200,000 in damages across Monmoutl
County. A woman was struck by lightning as she was about to enter a restaurant on U.S. Route 9 North in Howell. She
pronounced dead about one hour laték.two-story home's roof was struck by a bolt of lightning in Middletown Township.

A fire in the attic area caused moderatamage.

June 1, 2010A 12story 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, 2010Two lightning strikes caused about 8,200 homes and businesses to lose power in Ocean Township. T
lightning struck a power substation and a transformer around East Mall Drive and State Route. Damages were estimat
at $5,000.

July 19, 2010A line of strong to locally severe thunderstorms occurred. A man was struck and killed by lightning ir
Middletown while in contact with a tree and observing a house fire that was started by a previous lightning strike. Anothe
man and a police officer weralso 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, 201Q.ightning 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 -fa@niynits were
evacuated for at least one night. No injuriesne reported. Damages were estimated at $100,000.

July 7, 2011For 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, 2011A lightning strike and ensuing fire badly damaged a Maxim Road home in Howell. The fire started towar
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 waeported but the fire was estimated to have caused $225,000 in damages.

August 21, 2011An 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 ar
ignited the home's insulationNo 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 &n the 2
The lightning strike damaged electd panels and also short circuited the entrance gate and a computer grehgses.

June 25, 2012An approaching cold front helped trigger strong to locally severe thunderstorms in two waves across centra
and southern New Jersey. The first occurred during the morning of the 25th and the second during the late afternoon ar
early evening later that dayA lightning strike and subsequent fire and water damage destroyed eight ofis
condominiumcomplexin Manalapan Townshipamounting to $1 million in damageAbout ten people were displaced.

No injuries were reported.

August 13, 2013A complex of showers and thunderstorms produced wind damage and flash flooding:t&gnadind
lightning strikes peaked at 6,000 per hour as this complex moved through New Jersey. The thunderstorms caused abt
14,500 homes and businesses to lose pomerthe 13th. A lightning strike at the Borough Hall in Manasquan caused
damage and disrupted the communication systems in the borough. They were transferred tdamufitides.

July 16, 2016A cold frontal boundary along with several shortwaves and a sea breeze produced numerous showers ar
thunderstorms across the southern and central portions of New Jersey during the afternoon and evening hours of th
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16th. A few strong wind gusts not associated with damage were measured or estimated at 53 mph in Toms River, 57 m
in Berkeley Township, and 50 mph in northern Howell Townghlghtning strike caused a house fire in Manalapan.

The probability of occurrence for future lightning events in Monmouth County is certain. According to NOAA, Monmoutt
County is located in an area of the country that experiences three lightning flashes per square kilometer per yee
(approximately 2,300 fhes 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.

NASA scientists suggest that the United States will face more severe thunderstorms in the future, with deadly lightnin
damaging hail, and the potential for tornadoes in the event of climate change. A recent study conducted by NASA predic
that smaller sorm events like thunderstorms will also be more dangerous due to climate change (NASA 2007).

Built Environment, Infrastructure and Community Lifelines

Lightning strikes can cause damage to buildingscal facilities, and infrastructure, largely by igniting a.fifghtning can
strike communications equipment (i.e., radio or cell towers, antennae, satellite dishes, electrical transformers, etc.) an
hamper communication and emergency response

Because it cannot be predicted where lightning may strike, all existing and future buddiddacilitiesare considered to

be exposed to this hazard and could potentially be impaciedhle 413 - 1 ExpectedAnnualized Losses from Lightning

by Jurisdictionshowsexpected annudgedf 2 8aSa F2NJ 0KS fAIKGYyAy3a KIT I NHAD ¢
represents the average economic loss in dollars resulting from natural hazards eachhgetable includes EAL for
buildings as well as total EAL waiincludes building damage as well as damage to agriculture and population equivalency

(the monetized cost of injury and fatalitwhere appicable

Table 4.131 ExpectedAnnualized Losses from Lightning by Jurisdiction

Expected Annual Lossed otal

Aberdeen, Township of $2,560.22 $76,568.10
Allenhurst, Borough of $217.44 $2,037.33

Allentown, Borough of $303.88 $7,327.26

Asbury Park, City of $1,519.84 $46,958.12
Atlantic Highlands, Borough of $783.81 $18,440.89
AvonByTheSea, Borough of $372.98 $5,967.57

Belmar, Borough of $966.34 $18,100.26
Bradley Beach, Borough of $639.04 $13,051.27
Brielle, Borough of $962.55 $15,602.98
Colts Neck, Township of $2,472.16 $36,067.44
Deal, Borough of $217.44 $2,037.33

Eatontown, Borough of $2,811.44 $46,285.99
Englishtown, Borough of $1,398.57 $29,132.57
Fair Haven, Borough of $1,037.26 $21,810.24
Farmingdale, Borough of $225.57 $5,664.02

Freehold, Borough of $3,118.48 $77,791.83
Freehold, Township of $7,414.41 $119,847.74
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Expected Annual Losse8uildings Expected Annual Lossed otal

Hazlet, Township of $3,138.22 $79,483.27
Highlands, Borough of $724.46 $17,893.32
Holmdel, Township of $4,426.08 $63,252.20
Howell, Township of $9,534.32 $212,540.51
Interlaken, Borough of $217.44 $2,037.33
Keansburg, Borough of $912.32 $36,308.80
Keyport, Borough of $1,087.42 $30,734.66
Lake Como, Borough of $195.68 $5,294.28
Little Silver, Borough of $1,335.73 $20,525.22
Loch Arbour, Village of $217.44 $2,037.33
Long Branch, City of $3,727.20 $99,271.56
Manalapan, Township of $7,060.19 $135,087.19
Manasquan, Borough of $1,168.15 $18,040.31
Marlboro, Township of $9,300.57 $154,561.92
Matawan, Borough of $1,312.86 $37,722.68
Middletown, Township of $11,526.84 $245,403.51
Millstone, Township of $2,910.52 $40,934.18
Monmouth Beach, Borough of $602.71 $10,082.69
Neptune City, Borough of $761.02 $14,481.44
Neptune, Township of $4,034.60 $94,513.40
Ocean, Township of $4,042.54 $86,919.79
Oceanport, Borough of $1,182.09 $23,401.99
Red Bank, Borough of $2,245.98 $46,638.35
Roosevelt, Borough of $868.08 $12,578.15
Rumson, Borough of $1,996.54 $26,354.72
Sea Bright, Borough of $361.98 $4,814.45
Sea Girt, Borough of $709.78 $6,065.21
Shrewsbury, Borough of $543.45 $8,863.45
Shrewsbury, Township of $543.45 $8,863.45
Spring Lake Hts., Borough of $882.91 $9,348.14
Spring Lake, Borough of $720.24 $15,562.47
Tinton Falls, Borough of $2,618.67 $54,756.59
Union Beach, Borough of $879.31 $24,823.54
UpperFreehold, Township of $2,691.31 $33,948.53
Wall, Township of $5,880.42 $92,553.04
West Long Branch, Borough of $1,517.13 $26,733.17
Monmouth County $118,899.07 $2,345,121.73

Source: FEMA NRI
Population and Economy

All populations areonsidered to be at equal risk from lighting strike, howevegmbers of the general public who are
outdoors are particularly vulnerable during an evefitstorical impacts in Monmouth County have included direct
health impacts to individuals struck by lightnjrasnd death in some cases.

4.0-99 4.0 RISK ASSESSMENT



HAZARD MITIGATION PLAN 2026

Ecosystems and Natural Assets

Lightning strike can lead to wildfire, especially during dry or drought condjtish can harm ecosystemmpactsof
additional hazardassociated with thunderstormsuch assong, straightline winds and hail also apply.

414 NOROEASTER

Similar to hurricanes, nor'easters are ocean storms capable of causing substantial damage to coastal areas in the Eas
United States due to their associated strong winds and heavy surf. Nor'easters are named for the winds that blow in fro
the northeastand drive the storm up the East Coast along the Gulf Stream, a band of warm water that lies off the Atlanti
coast. They are caused by the interaction of the jet stream with horizontal temperature gradients and generally occu
during the fall and winter mnths when moisture and cold air are plentiful. Nor'easters are known for dumping heavy
amounts of rain and snow, producing hurricafoece winds, and creating high surf that causes severe beach erosion and
coastal flooding.

The entire planning area is located within a geographic area that is affect¢cblMX2 S.I & G S N&

While there are a variety of indicators for nor'easter intenshigible 414- 1 describes the Dolaavis Nor'easter Intensity
Scale which is based on coastal storm erosion, degradation and property damage.

Table 4.141Dolan5 I @A & b2NRSFAGSNI LydiSyaarde {OFfS

Storm Class Beach Erosion Dune Erosion Property Damage

1-Weak Minor Changes None No No
2-Moderate TSRS B 5 Minor No Modest
Lower Beach
3-Significant Erosion Extends Acros Can be Significant No Loss Of Many Structures a
Beach Local Level
Severe Beach Erosiory  Severe Dune Erosion or Loss Of Structures At
4-Severe . . On Low Beaches .
and Recession Destruction CommunityScale
. Dunes Destroyed Over | Massive In Sheets and Extensive at Regional Scal
5-Extreme Extreme Beach Erosio ; -
Extensive Areas Channels Millions Of Dollars
SourceFEMA

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

One of theSate's worst nor'easters occurred on Marck861962 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 duringdaytpeegod with a
maximum tidal elevation of 7.8 feet at the Sandy Hook gage. During these wdges reached heights of 20 to 30 feet
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doing tremendous damage to dunes and coastal properties. The erosive effect of the storm reportedly changed the fac
of the shoreline, eroding some beaches entirely away, while also carving new channels and inlets in Monmouth Coun
Many inland areas wer@undated as well, with hundreds of homes damaged or destroyed.

Other notable nor'easter events include the following:

November 25, 1950This 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 Sar
Hook recorded a maximum tidal elsion of 7.2 feet.

March 1984, October 199%and January 1992Nor'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
extensive flooding to coastal and riverine areas. These storm events calneitle astronomically high tides, which
worsened the flooding, erosion and associated damages.

December 1992The nor'easter of December 1992 was the harshest New Jersey storm since 1962, in terms of bot
damage and weather conditions. The storm caused extreme coastal flooding and extensive beach erosion. Tide heig
ranged from a little over 9 feet above meaw 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 propert
including debrigidden roadways, beach erosion, legdsed public facilities, boardwalks and damage to storm drainage
facilities. Private properties were also pummeled by the storm; some of these properties were rendered uninhabitable.

March 1213, 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 storm
(tropical or extratropical) on record thit New Jersey, having a record low 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 southeast:
sections, six to 14 inches in east cahtand 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 my
(hurricane force) measured in Cape May. Moderate coastal fit@pdccurred 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
feet above mean low water in the back bays.

February 4, 1998The 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 erosi
due to the continuous onshore flow. Two 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 hundr
feet of beach disappeared. Both Bradley 8®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 clc
roads.

February 24, 1998Another 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 aroun
three feet above normal. A breach in teea 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 r
along the bay side of Sea Bright. Wiukts reached as strong as 61 mph in Ocean Grove.

October 16, 2002A strongnor'easter caused tidal flooding along the New Jersey coast and in the back bays, gusty wind
and beach erosion. Tides, winds and erosion were worse in Ocean and Monmouth counties than farther south. Tw
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downed trees damaged a home in Wall Township. Peak wind gusts included 49 mph winds in Keansburg and 47 mph wi
at Sandy Hook. Streets were knee deep in water in Sea Bright. Water spilled over the docks along the Shark River and
in Manasquan. Severaoads 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 56, 2003.A nor'easter dropped heavy snow across much of New Jersey. Many municipalities declared snoy
emergencies to help clear the roads for plowing. A man died in Millstone Township after his vehicle left the westboun
lanes of Interstate 195 and struck a tregpecific snow accumulations included 15 inches in Clarksburg, 12.8 inches in
Cream Ridge, and 11.5 inches in Oakhurst.

March 1517, 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 15th and changed over quickly
snow. Storm totals averaged 1.5 80 inches across southeast New Jersey, 2 to 6 inches across much of central Nev
Jersey (including Monmouth County) and 6 to 12 inches across northwestern New Jersey. High winds caused a f
scattered power outages. Heavy rains that préee 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 vebiclek a pole on State Route 36 in Middletown.

In Highlands, on the same route, five people were injured in a thieddcle accident.

April 1516, 2007 Statewide damage was estimated at $180 million dollars. NOA&AdE@age records indicate $1 million
dollars of damages in Monmouth County associated with this system. At the time, it was the second worst rainstorm (nc
related to a hurricane) in th&ate'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 t
flooding occurred in Monmouth Caty 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. Areas affect
by tidal and roadway flooding included AberdeBe]ford, 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 tf
beaches themselves, vertical cuts to the beaches averaged 2 to 4 feetdmitad as high as 6 feet in Sea Bright, Deal and
Asbury Park. Cuts to the dune systems themselves occurred in Deal, Long Branch, Monmouth Beach and Sea Bright.
horizontal dune cut in Sea Bright reached 1500 feet. The highest tides included 8.13deetnadan lower low water at
Sandy Hook (Monmouth County) on the morninghpfil 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 chbsdy®
inland in Monmouth County in Brielle, Howell, Manasquan and Middletown. In Wall Township, the Allehalamslood
Bridge was closed. Precipitation totals included 3.64 inches in Keansburg, 3.00 inches in Oceanport, 2.45 inches in Sea
2.38 inchs in Manasquan, and 2.32 at Belmar Airport. The combination of the heavy rain, some snow and winds knocke
down numerous trees and power lines. Peak wind gusts averaged between 40 and 60 mph.

October 1519, 2009A pair of nor'easters caused minor to moderate tidal flooding along the ocean from the evening high
tide of Octoberl5 into the morning high tide ddctober19. Heavy surf contributed to and exacerbated erosion along the
coast. Several major roadways were flooded and closed. In Monmouth County, roadways were closed in Monmou
Beach, Sea Bright and Manasquan. Peak wind gusts reached around 45 mph from MoQuoonty southward. A few
trees were knocked down in Monmouth County.

November 1214, 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'eas
to affect New Jersey since 1990. Thelan Davis Nor'easter power ranking for Long Island Buoy 44025 rarfledtlit
strongest nor'easter to affect New Jersey since 1990, and the strongest since March of 1994. The Miller Storm Erosi
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Index and the Kraus and Wise Maximum Wave-Buindex were both ranked second only to December 1992 nor'easter.
The highest winds occurred from the afternoonMdvemberl2 into the afternoon oNovemberl3. Several thousand
people lost power. The heaviest rain fell blovember12. The highest tides in Monmouth County occurred with the
morning high tide oiNovemberl4. Those were the highest tides in central and southern New Jersey since either 1998 ol
1996. Tidal departures reached up to four feet. Goweerion Corzine declared a state of emergency in Atlantic, Burlington,
Cape May, Cumberland, Ocean and Monmatghntieson November 15. More than $500,000 in damages was reported
by NOAA in Monmouth County.

March 7, 2013 An intense nor'easter brought strong to high winds across most of central and southern New Jersey ol
March 7as well as minor to moderate tidal flooding along Raritan Bay, lower Delaware Bay and on the ocean side. Ti
coastal flooding caused new breaches in Mantoloking, flooded roadways and prompted some voluntary evacuations
Monmouth and Ocean Counties. &akt minor tidal flooding persisted into the morning high tide cycldanch10. This

was the greatest and most persistent tidaldting to affect the New Jersey coast since Superstorm Sandy. In Monmouth
County, voluntary evacuations were requested in Brielle and Manasquan. Along Raritan Bay, New Jersey State Route
was closed in Aberdeen. In Union Beach, Florence Avenue andStreet (near the Flat Creek) were closed. Along the
ocean side, New Jersey State Route 36 (Ocean Avenue) was closed from Sea Bright through Highlands. In Sea Bright,
waters reached homes and in the downtown area, vehicles and buildings were stdeby flood waters. Flooding also
occurred along New Jersey State Route 36 in Long Branch. Other road closures occurred in Manasquan, Monmouth Be
and Sea Girt. Northeast winds intensified on the morninfylafch 6 and reached their peak during the afternoon and
early evening. As winds slowly backed to the north during the evening, wind speeds diminished. In Monmouth Count
the chafing by high tension wires (caused by the wind) led to a fire at a condimentyfactSea Bright. Peak wind gusts
included 61 mph in Sea Girt, 57 mph in Belmar, 51 mph in Eatontown, and 49 mph in Cream Ridge. Although there we
no injuries and no fatalities, the storm caused $85,000 in property damage.

December 9, 2014A strong nor'easter caused strong winds as well as minor to moderate tidal flooding in Upper Delaware
Bay and around Raritan Bay and moderate tidal flooding in Lower Delaware Bay and Atlantic Coastal New Jersey
Decembe9. The nor'easter also caused minor to moderate beach erosion. Peak wind gusts averaged 45 to 55 mph alo
coastal New Jersey and knocked down weak trees, tree limbs and power lines. Tidal flooding affected all of the coas
counties in New Jersey. In Mmouth County,n Sea Bright, two women were rescued from flooded waters in two
separate incidents on Ocean Avenue. They both attempted to drive through flood waters. Flooding was also reporte
along Raritan Bay. Along the tidal Watson Creek at Manasquan, minor floatinged onDecember8 and moderate
flooding occurred orDecember9. Sea Bright and Belmar experienced at least minor tidal flooding. Peak wind gusts
included 49 mph in Sea Girt, 47 mph in Monmouth Beach, and 46 mph in Sandy Hook. There were no ifgtelégesr

January 23, 2016A strong nor'easter that produced blizzard conditions along the eastern seaboard caused major to
record flooding in parts of New Jersey and Delaware during the morning high tide on Saturday, January 23. The Atlar
coast and the Raritan Bay shore expeded flooding during this event. Other waterways that experienced flooding during
each of the three high tide cycles beginning the morning of January 23 include the Shrewsbury River at Sea Bright, |
Shark River at Belmar, and the Watgoreek at Manasquan. In Sea Bright, large chunks of snow and ice floated down
Ocean Avenue during the evening high tideJanuary23. Highway 36 was shut down in Sea Bright until the flood waters
receded. In Manasquan, which issued a voluntary evacuation order Friday, January 22, firefighters with the borougt
high-water rescue team spent the evening wading through icy watepetéorm welfare checks on flooded residents. In
Belmar, residents had power knocked out after a sailboat got tangled in dovest There were no injuries or fatalities.

January 4, 2018An area of low pressure tracked up the east coast interacting with a cold front which led to rapid
development of a winter storm across t8ate. Blizzard conditions occurred along many coastal locations. Top wind gusts
were generally around 40 mph across tRate and southern and coastal New Jersey dealt with over six inches of snow.
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Totals were only a few inches further northwest. A stateroérgency was declared during the height of the storm. Several
hundred vehicles were stranded, and hundreds of thousands were without power at some point.

March 1-3, 2018 At the Jersey Shore, the storm caused minor flooding and road closures during the high tide on the
morning of March 2. Two local roads in Absecon were closed from flooding and there was flooding on U.S. Route
leading into Atlantic City. Flooding alsousad lane closures along portions of Route 35 in Brick and Belmar while
floodwaters covered roads in Neptune and Highlands. Some flights were cancelled at Newark Liberty International Airpo
Atlantic City Electric reported 29,111 custarmevithout power and PSE&G reported tens of thousands of customers
without power. New Jersey Transit cancelled some service.

March 7,2018 Two to three feet of snow fell from New Jersey to New England. At least one person died from the storm
This was the second of thre® NS a 0 SNAR (2 KA dwedk Kpan. The thild2 MR $ 1580 SN 2y (a
significantly impact New Jersey

March 20-22, 2018 A complex area of low pressure over the middle Atlantic, which involved several individual centers,
slowly consolidated off the Virginia Capes. As this precipitation moved northward into a colder air mass, snow and sle
developed across southern New Jg&rsSnowfall amounts varied from less than 3 inches in portions of northern Sussex
County and Cape May County, with a general 6 to 12 inches elsewhere, with the exception of portions of Monmoutt
Ocean, and Burlington Counties, where sceneas received 12 to 15 inches.

March 2-4, 2019 An offshore lowpressure system brought a period of heavy precipitation to the-Atldntic. A mix of

rain, sleet, andnhow was observed, with snow confined mainly to interior areas and sleet and rain more abundant neal
the coast. Snowfall totals inland approachedid€hes with snowfall rates exceeding one inch per hour for several hours.
A sharp gradient in snowfall with a steep drop in snow totals was observed just west of the Interstate 95 corridor

December 1617, 2020 Low pressure developed along the Middle Atlantic coast on Wednesday December 16, 2020. Arcti
high pressure situated over southeast Canada provided a cold and dry air mass ahead of the low supporting moderate
locally heavy snowfall throughout much oftktorm. The storm significantly impacted travel during the evening commute
on Wednesday December 16, 2020, and the morning commute on Thursday December 17, 2020. Many accidents resul
from the snowcovered roads and poor visibiés. Snowfall rates ranged from 1 to 2 inches per hour Wednesday evening.
Total snowfall ranged from around 6 to 12 inches with strong wind gusts ranging from 35 to 50 mph.

January 3- February 3 2021 Low pressure developed over the Ohio Valley and Middle Atlantic on Sunday, January 31
2021, before intensifying and slowly tracking to the nemtbrtheast. The low brought a major winter storm to northeast
New Jersey, with the most significant impactorring on Monday, February 1, 2021. Three to six inches of snow had
already accumulated by the start of the morning commute. Near blizzard conditions then occurred through the rest of the
morning into the early afternoon witenowfall rates of 1 to 3 inches per hour. Snowfall totals ranged 15 to 20 inches of
snow with some locations receiving around two feet. Winds gusted 40 to 55 mph at times, which caused power outage
Travel was also severely impacted as many flights wameatled and travel by train was suspended. COVID testing and
vaccination sites were close

January 3, 2022A strengthening area of low pressure developed over the Southeast US late on January 2 and move
northeast, tracking offshore of the miditlantic in a typicahor'easter setup. A widespread 6 to 12 inches of snow with
locally higher amounts fell across the Eastern Shore of Maryland, most of Delaware, and several counties of southern N
Jersey. The storm was notable for having a very sharp cutoff in the nortteznt of accumulating snow. The passage of

a strong cold front brought rapicooling in the hours leading up to the storm, and very heavy snowfall rates, at times well
more than 1 inch per hour, overwhelmed any lingering warm ground from previous days of higher temperatures ant
caused accumulation to occur.
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January 28, 2P2. A nor'easter tracked just east of the benchmark bringing snow and gusty winds. Strong winds alsc
occurred, with gusts of 40 to 50 mph and a few over 60 mph observed. The combination of strong winds and heavy snc
led to whiteout conditions along the coaahd was sufficient for blizzard criteria to be met along both the New Jersey
coast and the Delaware Beaches, making this the first blizzard to affect any portion of the region since 2018.

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.

¢tKS FTNBIljdzSyOe IyR AyidSyaade 2F O2radrkft adz2Nya AyOf dzR.
change. In the years to come, it is anticipated that Monmouth County will observe drastic changes in storm characte
intensity, frequeacy, and storm trackingthese storms are likely to become more intense with rising sea water
temperatures.

The following types of impacts can be anticipated in Monmouth County's future as a result of climate change and se
level rise: inundation of lovying areas; increased frequency and extent of stoetated flooding; wetland loss; saltwater
intrusion into estuaries and freshwater aquifers; land loss through submergence and erosion of lands in coastal area
migration of coastal landforms and habitats; increased salinity in estuaries and coastal fresh; impacts to huma
populations (property losses, more freent 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 expose
buildings and infrastructure could be subject to potenyiajreater losses as water levels increase, and continued rapid
coastal development exacerbates the impacts of sea level rise; impacts on gravity flow stormwater systems; impacts «
non-coastal areas.

Impacts of climate change and sea level rise can affect all parts of a community, including: transportation infrastructur
(ports, marinas, airports, roads, bridges, railways); public infrastructure (stormwater and wastewater managemen
systems, drinking ater 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, governme
buildings, libraries, parketc.); and economic viability of a communityarticularly 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 le
rise could lead to a potential loss a$sets that support tourism (i.e., beaches themselves as well as beach access points
lodging, restaurants, marinas, fishing habitats, ecotourism, etc.).

Built Environment, Infrastructure, and Community Lifelines

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 typesnofncinity lifelines and critical facilitieare susceptible to

wind and water damage. Secondary impacts would be associated with flying debris, as well as drifting sand from stor
surges. Sand covered roads and bridges would be common impacts. Beach erosion can be catastrophic depending on
particular area and the nature of thevent. 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 exten
across several tidal cycles.
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It is possible for the entir€ounty 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 suff
catastrophic damages from wind, surge, waves and bezrosion 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 floc
zones and being of slower velocities in most cases would cause less s@eg@tystructure damages than in coastal
areas but could be more widespread geographically. Roads and bridges acrd@sutitg would be susceptible to
overtopping and damage from floodwaters.

Similar to hurricanes and tropical storms, nor'easters are complex combinations of discrete component hazards occurril
simultaneously. Damages during these events result from the cumulative impacts of component hazards such as floodir
storm surge, coasl 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 it i@t uncommon for nor'easters to stall off 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 als
vary widely. Thus, it is difficult to estimate tbtaotential losses from these cumulative effects in a manner that would
allow for the calculation of a meaningful average annual loss estimate for nor'eaBstimated losses would likely be
similar to those experienced during a hurricane or tropicaftmtoFor further information orestimated damages as a
result of hurricane and tropical storm hazard, Sesble 4.114 Estimated Potential Losses from£000, 200, 500, and
1000year Hurricane Wind Events

Population and Economy

Monmouth County's shore is vital to the local economy but remains highly susceptible to the effects of major coaste
storms, including nor'easters. Monmouth County is a tourist destination. With summer being the peak vacatien time
opposite the time of tle 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
are injured during the eventGroups whth are particularly vulnerable include children, the elderly, and other socially
vulnerable populations.

Ecosystems and Natural Assets

Beach erosion can often be severe during nor'easters; though beach restoration and maintenance activities at
undertaken regularly to offset storm impacts. As noted earlier, the Long Braki@masquan Project, between Sandy
Hook and Manasquan Inlet, is ®mf the largest beach construction projects completed in the US with over 25 million
cubic yards of sand placed on 25 miles of beaches.

4.15 STORM SURGE

A storm surge is a large dome of water often 50 to 100 miles wide and rising anywhere from four to five feet in a Catego
1 hurricane up to more than 30 feet in a Category 5 storm. Storm surge heights and associated waves are also depend
upon the shapef the offshore continental shelf (narrow or wide) and the depth of the ocean bottaathimetry). A
narrow shelf, or one that drops steeply from the shoreline and subsequently produces deep water close to the shoreline
tends to produce a lower surge bhigher and more powerful storm waves. Storm surge arrives ahead of a storm's actual
landfall and the more intense the hurricane is, the sooner the surge arrives. Storm surge can be devastating to coas
regions, causing severe beach erosion and propgaiyjage along the immediate coast. Further, water rise caused by
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storm surge can be very rapid, posing a serious threat to those who have not yet evacuategrlioedareas. Storm
surge can be exacerbated if occurring at or near high tide.

There are many areas in Monmouth County subject to potential storm surge inundgigure 415¢ 1 Hurricane Storm
Surge Inundation Zones in Monmouth Counifjustrates inundation zones storm surges associated with hurricanes of
Category 1 to 4 for Monmouth County derived from georeferenced Sea, Lake and Overland Surge from Hurricanes (SLC
data produced bNOAQ A bl G A2yt “2SI80SH ik & MNdddlir) ki ksedto estimate storm surge for coastal
areas resulting from historical, hypothetical or predicted hurricanes taking into account maximum expected levels fo
pressure, size, forward speed, track and winds. Therefore, the SLa@bid dest used for defining the potential maximum
surge associated with various storm intensities for any particular location. Storm surge arrives prior to a hurricane'
landfall, and the greater the hurricane's intensity, the sooner the surge arrine2016, Monmouth County used the
SLOSH models to create their own awareness program, Know Your Zone. This educational campaign informs reside
businesses, and visitors of the County of the new hurricane evacuation zones and their vulnerability teusmem
especially in those higtisk communities.

As shown in thd-igure 415-1, all of the 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 b
storm surge and extremely high tides that cdifeat 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 MonGuourity.

4THIS DATA REPRESENTS A POLYGON FEATURE SET IN MONMOUTH COUNTY SHOWING THE LIMITS OF POTENTIAL FLOODING FROMAGATRRIORNHAS. THE DATA
WAS COMPILED BY THE U.S. ARMY CORPS OF ENGINEERS AS PART OF A HURRICANE EVACUATION STUDY (F#B8BIN 2005
(HTTP://WWW.NAP.USACE.ARMY.MIL/HES/NJ/INDEX.HTMIHE USACE GATHERED 2003 CONTOUR LINES DATA FROM MONMOUTH COUNTY AS PART OF ITS
CALCULATIONS IN USING THE NATIONAL WEATHER SERMAOHONAL HURRICANE CENTER'S SLOSH MODEL (SEA, LAKE AND OVERLAND SURGES FROM HURRICANES)
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Figure 4.151 Hurricane Storm Surge Inundation Zones in Monmouth County
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The magnitude or severity of the storm surge hazard is generally related to the associated winds resulting from coast
storms (i.e,K dZNNA OF ySas GNRLIAOFE aAG2N¥az y2NRSFaAaGSNARAOP® bh! ! Q
of storm surge.

Before Superstorm Sandy, there is very limited data available for historical weather events that have caused storm sur
inundation in Monmouth County. According to NCEI records, Monmouth County experienced a storm surge event |
February 2006 that accouad for an estimated $900,000 in property damages, as described below. Storm surge has beel
a major factor associated with other weather events affecting Monmouth County, particularly nor'easters.

February 12, 2006The 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 Monmout
County, minor to locally moderate coastal flooglwas 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 we
overtaken by water.

Hurricane Irene 201andSuperstorm Sandy 2013&torm surge associated with Hurricanes Irene and Sandy was extensive
and devastating for most coastal and Bayshore communities. This is discussed in detail in the section on Hurricanes :
Tropical Storms.

The probability of a named storm making landfall in the vicinity of Monmouth County is 13 percent but is less for event
that cause significant storm surge (dependent on storm speed, direction, tides, etc.). However, less severe to modera
storm surge events typically associated with nor'easters and less intense coastal storms are more likely to occur, and
the case of nor'easters will last longer and possibly cause more damage thandeisig hurricanes. Additionally, the
longterm rise in sedevel can be expected to impact the occurrence of significant storm surges and hence future damage
from coastal flooding in Monmouth County. Rising sea levels over time will shorten the return period (or exceedanc
interval) and hence increase the frequey of significant storm surge events. To take a hypothetical example,-foohe

rise in sea level over 50 years could result in a storm surge event with a current annual occurrence probability of 2%
"50-year" event) becoming an event of 10% annualjataility (a "10year"event).

The frequency and intensity of coastal storms and severe weather events is expected to increase in the future due
climate change. In the years to come, it is anticipated that Monmouth County will observe drastic changes in storr
character, intensity, fquency, and storm tracking. Hurricanes are likely to become more intense with rising sea water
temperatures. Coastal erosion rates are likely to increase with risirdgsebto levels higher than those rates that have
been observed over the last centurgtorm 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 le\
rise: inundation of lowying areas; increased frequency and extent of stoatated flooding; wetland loss; saltwater
intrusion into estuaries and freshwater aquifers; land loss through submergence and erosion of lands in coastal area
migration of coastal landforms and habitats; increased salinity in estuaries and coastal fresh; impacts to huma
populations (property losses, more fregnt flood damage, more frequent flooding of roadways and urban centers, risks
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to people as the population of coastal areas increases); more buildings and infrastructure exposed; currently expose
buildings and infrastructure could be subject to potentially greater losses as water levels increase, and continued rap
coastal developrant exacerbates the impacts of sea level rise; impacts on gravity flow stormwater systems; impacts or
non-coastal areas.

Impacts of climate change and sea level rise can affect all parts of a community, including: transportation infrastructur
(ports, marinas, airports, roads, bridges, railways); public infrastructure (stormwater and wastewater managemen
systems, drinking ater 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, governme
buildings, libraries, park®tc.); economic viability of a communitparticularly 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 le
rise could lead to a potential loss of atsthat support tourism (i.e., beaches themselves as well beach access points,
lodging, restaurants, marinas, fishing habitats, ecotourism, etc.).

Built Environment, Infrastructure, and Critical Facilities

To analyze potential losses fratormsizZNHS Y C9a! Q4 bwlL 61+ a& dzaASR® ¢ KSwhthiL O
defines asnundationof normally dry coastal land as a result of high or rising tides or storm surgbte 4.151 below
displays theEALfor coastal flood by jurisdictiorEALs calculated using a multiplicative equation that includes exposure,
annualized frequency, and historic loss ratio risk facfbosal losses includes building losses as well as population
equivalency losseshe monetized cost of injury and fatayitand agricultural losses

Table 4.151 Annualized Lossefor Coastal Flood Hazard by Jurisdiction

ExpectedAnnualized LossesBuildings ExpectedAnnualizedLosses Total

4.0 RISK ASSESSMENT

Aberdeen, Township of $1,081,119.50 $1,195,891.90
Allenhurst, Borough of $18,845.05 $19,660.23
Allentown, Borough of $0.00 $0.00
Asbury Park, City of $22,334.25 $24,358.10
Atlantic Highlands, Borough of $258,745.22 $278,753.80
AvonByTheSea, Borough of $339,098.32 $388,587.42
Belmar, Borough of $316,318.73 $354,932.08
Bradley Beach, Borough of $1,679.57 $1,827.76
Brielle, Borough of $1,062,156.05 $1,184,032.07
Colts Neck, Township of $14.08 $16.66
Deal,Borough of $18,845.05 $19,660.23
Eatontown, Borough of $66,520.02 $75,413.18
Englishtown, Borough of $0.00 $0.00
Fair Haven, Borough of $2,237.00 $2,541.83
Farmingdale, Borough of $0.00 $0.00
Freehold, Borough of $0.00 $0.00
Freehold,Township of $0.00 $0.00
Hazlet, Township of $1,386,866.70 $1,767,343.44
Highlands, Borough of $4,549,620.70 $5,542,828.38
Holmdel, Township of $2,535.99 $3,124.93
Howell, Township of $2,174.09 $2,521.52
Interlaken, Borough of $18,845.05 $19,660.23
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ExpectedAnnualized LossesBuildings ExpectedAnnualizedLosses Total

Keansburg, Borough of

$1,777,218.56

$2,414,277.13

Keyport, Borough of $165,750.79 $213,584.50
Lake Como, Borough of $901.44 $1,066.01
Little Silver, Borough of $1,421,805.04 $1,524,314.37
Loch Arbour, Village of $18,845.05 $19,660.23
Long Branch, City of $1,381,499.88 $1,638,944.23
Manalapan, Township of $0.00 $0.00
Manasquan, Borough of $12,514,082.78 $13,498,111.13
Marlboro, Township of $37.28 $42.94
Matawan, Borough of $4,338.92 $5,092.71
Middletown, Township of $5,359,029.67 $6,621,800.43
Millstone, Township of $0.00 $0.00
Monmouth Beach, Borough of $3,961,155.33 $4,497,736.79
Neptune City, Borough of $95,007.53 $114,013.24
Neptune, Township of $1,090,898.61 $1,225,710.04
Ocean, Township of $16,035.17 $18,200.62
Oceanport, Borough of $1,828,746.73 $2,079,998.68
Red Bank, Borough of $12,502.09 $14,862.95
Roosevelt, Borough of $0.00 $0.00
Rumson, Borough of $3,887,527.41 $4,302,973.60
Sea Bright, Borough of $5,292,786.30 $6,005,205.25
Sea Girt, Borough of $275,768.30 $276,729.97
Shrewsbury, Borough of $103,082.12 $113,779.67
Shrewsbury, Township of $51,541.06 $56,889.84
Spring Lake, Borough of $30,179.14 $32,452.76
Spring Lake Heights, Borough of $13,596.27 $16,932.26
Tinton Falls, Borough of $3,835.34 $4,173.39
Union Beach, Borough of $3,803,859.26 $4,559,756.50
Upper Freehold, Township of $0.00 $0.00
Wall, Township of $478,502.67 $521,275.42
West Long Branch, Borough of $29,073.18 $30,024.14

Monmouth County

$52,765,561.28

$60,688,762.58

Source: FEMA NRI

Population and Economy

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 impactec
by storm surge froma 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.

Natural Systems and Ecosystems

Storm surge can destroy beaches and dunes, transporting sand inland and burying vegetation. It can also negatively disr
coastal habitats, especially estuaries and wetlantgch perform vital ecosystem functions
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Coastal development increases the population and infrastructure along coastlines often increases the exposure of peoy
and assets to storm surge impact&dditionally certain coastal development activities, like clearing wetlands or
development with impacts to dunes eliminate natural buffer areas that reduce storm surge intensity.

Jurisdictions with a potential for future development to substantially increase storm surge hazard vulnerability under
existing conditions should: (a) include storm surge mitigation measures in their mitigation strategies; and/or (b) selec
jurisdictionalplan integration initiatives for the next plamaintenance phase that can potentially reduce risk for future
development.

4.16 TORNADO

A tornado is a violently rotating column of air that has contact with the ground and is often visible as a funnel cloud. |
rotates cyclonicallgreating a vortexvith wind speeds ranging from as low as 40 mph to as high as 300 mph. Tornadoes
are most often generated by thunderstorm activity when cool, dry air intersects and overrides a layer of warm, moist ai
forcing the warm air to rise rapidly. The destructiaused by tornadoes ranges from light to catastrophic depending on
the intensity, size and dation of the storm

Monmouth County is susceptible to tornados, though their occurrence is not nearly as frequent or intense as it is in othe
regions of the country. Of the roughly five tornadoes that touch down in New Jersey each year, most tend to be of lo\
magnitude (fromEFO0 to EF2) and typically impact relatively small areas. Tornadeesmpletelyrandom,andit is not
possibleto predictspecifictornado hazard areas. Tornadoes can occur anywhere, and no one location is more susceptibl
than another. All of Monmouth County is uniformly exposed.

Table 416 - 1 Enhanced Fujita Scale for Tornadsisows the Enhanced Fujita Scale for Tornadoes which was developed
to measure tornado strength and associated damages.

Table 4.161 Enhanced Fujita Scale for Tornados

Storm 3 Second
Damage Level |~ (mph) Description of Damages

LIGHT 65.85 Some damage to chimneys; branches brokenre#s; shallowrooted trees pushed over; sign
boards damaged.

Peels surface off roofs; mobile homes pushed off foundations or overturned; moving autos
pushed off the roads; attached garages may be destroyed.

Roofs torn off frame houses; mobile homes demolished; boxcars overturned; large trees
snapped or uprooted; highise windows broken and blown in; lighbject missiles generated.
Roofs and some walls torn affell-constructed houses; trains overturned; most trees in fores|
uprooted; heavy cars lifted off the ground and thrown.

Well-constructed houses leveled; structures with weak foundations blown away some dista
cars thrown, and large missiles generated.

Strong frame houses lifted off foundations and carried considerable distances to disintegra
EF5 INCREDIBLE 200+ automobile sized missiles fly through the air in excess of 100 m (109 yd); trees debarked; ¢
reinforced concrete structures badly damaged.

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

EF1 MODERATE 86-110

EF2 SIGNIFICANT| 111-135

EF3 SEVERE 136-165

EF4 DEVASTATING  166-200

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

According to NEJ there have beed7 recorded tornado events in Monmouth County between 1950 and Ap2B20wo
tornadoes have occurred since the last version of the plan was prepared. Most of these events were determined to be
minimal tornado intensity, as shown Trable 416-2 Historical Tornadoes in Monmouth Count$ince 195Mo recorded
tornadoes in Monmouth County have resulted in deaths or injuries,they did cause an estimated $1.525 million in
property damages, with the most severe eventrigean 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 4.162 Historical Tornadoes in Monmouth County Since 1950

Date Location Magnitude Details Damages

8/10/1952 Millstone Township F1 - $25,000

10/16/1955 | Tinton Falls Borough F2 - -

Upper Freehold
Township

3/10/1964 Howell Township F1 - $250,000

3/26/1964 Neptune Township FO - $25,000

A tornado briefly touched down in the Village of Loch Arkemaund 6
p.m. at the intersection of Euclid and Edgemont Avenues. The torn
lifted between Spier and Corlies Avenue about 100 yards from th
Atlantic Ocean. About five homes on Euclid Avenue suffered subste
roof damage. Most of the eight other homeshich sustained minor
damage were on Buena Vista Court. About two dozen trees wer
uprooted. Most of them were decaying within. Tops were sheared @
number of other trees. Damage was estimated by the NCEI at $75,
however, the Village indicated thdamages were closer to $200,00
for this event.
A FO tornado touched down briefly in Middletown Township and
Highlands Borough before it went into Sandy Hook Bay and dissipa
The path length was about 1.2 miles and the path width about 75
yards. The tornado damaged several cars and homes, and uproo
and/or snapped numerous trees, but no injuries were reported. Th
tornado touched down in northeastern Middletown Township nea
Middletown Pape Drive and Navesink Avenue, moving northeast where it upro
8/13/1997 Township and FO a tree on Williams Street that crushed three parked camatier car $50,000
Highlands Borough was burned when it came in contact with downed wires on Butterm
Valley Road. A tree also crushed an awning in the Shadow Lane M
Home Park. In Highlands Borough, a shed was blown off its foundg
and carried by the tornado between twahses. Other structural
damage was mainly confined to broken windows, torn shingles ar
gutters. Maximum wind speeds were estimated at the high end of t
FO scale at about 70 mph.
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 w
initially a relatively weak tornado (FO) but intensified into drbEfore
Manalapan and F2 it reached Kentucky Court in Manalapan Township. One property
Marlboro Township Kentucky Court lost dozens of trees. The tornado also downed tree
Ivanhoe and Rowena Roads. The tornado reached its maximun
strength (F2) as it passed through Debracy Court, e/kiee worst
damage occurred. Four houses were severely damaged, and abou
others suffered minor damage. The tornado weakened to an F1 aft

4/18/1960 F1 - $250

11/1/1994 Loch Arbour Village FO $75,000

5/27/2001 $1,000,000
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Date Location Magnitude Details Damages

left Debracy Court. As the tornado crossed into Marlboro Townshiy
knocked down dozens of trees in Hawkins Road Park. As the torn
exited the park, it weakened to an FO. It still knocked a tree onto
house on MacLeisch Drive and ripped shingles atiti from homes
on Guest and MacLeisch Drives. The tornado lifted as it approach
Barclay Brook
An EFO tornado touched down in Millstone Township in Monmout
County. The tornado initially touched down north of Buono Farm a
tracked northeast where it crossed New Jersey State Route 33 a
damaged a flagpole and business fencing. A barn was damaged
Prodelin Way. Numerous trees and some wires were knocked do
8/9/2011 Millstone Township EFO along its path, especially on Prodelin and Arrowhead Ways and Be ~ $100,000
Mills Road. The tornado moved along Arrowhead Way before it lift
The tornado's approximate path length was 1.7 miles, imar path
width of 50 yards and estimated maximum wind speed of 70 mph.
deaths or injuries were reported, though property damages were
estimated at $100,000.
A band of gustgonvective showers moved through during the
morning hours in association with the remnants of tropical storm
. Cindy. Several reports of damage were reported from the winds
Sl Ay AR METE ERS Thousands lost power. The tornado touched down near Ft. Plains F )
Howell for appoximately two minutes, then briefly touched down
again near Lower Squankum (Howell) a few minutes later (see bel
A large pine tree near a soccer field in the park was snapped towg
the base of the trunk and several large metal trash cans were pus
. over, with all of these damage indicators facing to the southeast. (
6/24/2017 Howell Township EFO the other side of the soccer field, numerous ttaood trees were )
uprooted, falling to the northeast. There were additional downed tre
in the park as the storm moved southeast before quickly dissipatir
A tornado touched down on a baseball field on the campus of
Brookdale Community College in the Lincroft section of Middletow
Township in Monmouth County, Nelersey. It tossed a set of metal
bleachers adjacent to the field, then crossed over Phalanx Road in
residential area, with numerous trees sustaining damage. Tree dan
mainly consisted of broken limbs and the snapping of some trees 1
EFO their tops. Atleast one tree was also uprooted in this area. The torn -
then entered another residential area near Swimming River Road
Normandy Road, producing a continued path of damaged trees. T
tornado lifted as it entered the Riverdale West Park, where tree
damage was no longer observed. The tornado did not appear to cg
any direct structural damage, though a couple of homes sustaine
damage from falling tree debris.
The tornado began on the border between Strathmore Township a
Hazlet Township where several large limbs were blown off and a cg
softwood tree trunks were snapped. The snapped tree trunks caus
collateral damage to utility poles and power lines. Tkater of
circulation continued eastortheast into a residential neighborhood
05/20/2022 | Hazlet Townshipof EFO where the most s_ignificant damag_e from the tqrnado occu_rred. At le )
a dozen homes in this area sustained cosmetic damage, including
siding blown off, soffit damage, gett damage, and/or roof shingles
blown off. The only structural damage noted was due to a tree falli
onto a home which caused some structural damage to its roof. A f
larger softwood trees were uprooted in the residential area and sev
vinyl fence setions were blown over.
A strong cold front approached the region, with a line of strong
EF1 showers and thunderstorms developing out ahead of the front. Stor -
produced damaging winds, multiple tornadoes, and small to mediu

Middletown,

08/19/2020 Township of

UpperFreehold

04/01/2023 Townshipof
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Date Location Magnitude Details Damages

sized hail in New Jersey. In Monmouth County multiple tornadoe
downed trees and damaged buildings consistent with wind speec
estimated to be 10120 mph in some areas.

A newquastlinear convective systefQLCytornado developed just
west of a neighborhood on Walnford Road southeast of Allentown.
most significant damage from the tornado occurred to properties
Upper Freehold EF1 within the neighborhood, especially those along an open field to th )

Townshipof southeast. The tornado was alsear its widest point in this area.
Numerous trees were uprooted or snapped within the neighborhooc
few homes sustained removal of roofing material, siding removal

windows blown out, and a couple garage doors blown out.

A tornado formed along an eastward moving rotating supercell with
line of thunderstorms and made an initial touchdown on the north s
of Palomino Drive. A 10¢ard-wide path of dozens of large hardwooc

and softwood trees were snapped oprootedand several houses
04/01/2023 Howell Township EF1 having minor to moderate siding, gutter, awning, deck and roof shir -
damage. The worst damage occurred to a house facing to the
southwest on the southwest corner of Spicy Pond Road, whose wik
roof was lifted and tossed into their biagard and immediate neighbo

backyards

A tornado formed from an east southeast moving rotating superce
04/01/2023 | Manasquan Borough EF2 within a line of thunderstorms and made a brief touchdown on the -
National Guard Training Center Grounds in Sea Girt, NJ.

Total $1,525,250

04/01/2023

SourceNOAANCEI 202

Table 416 - 3 Historical Tornadoes in Monmouth County (19%50vember2024) by Jurisdictionlists the number of
tornado events in Monmouth Couniynly for jurisdictiors that experienced tornado activitfstimated magnitudefor

each tornado is also listed\s tornado events might impact multiple jurisdictions, the total number of events in this table
is greater than the number of records provided byBlkased on detailed information regarding impacted areas. The
specific location of reported touchdown occurrences for each of these eveatsiearMonmouth County (where known)

is shown irFigure 416-1 HistoricalTornado Touchdown LocationPlease note that all municipalities are not listed in the
following table. Only municipalities that have experienced historical occurrences of tornadoes arelistigidnally some
tornados affected multiple jurisdictions and thus a single event may appear twice in the table

Table 4.163 Historical Tornadoes in Monmouth County (19%0ctober 2023 by Jurisdiction

Magnitude (Enhanced Fujita Scale i
Jurisdiction Number of Events e ( I ) Maximum

F Scale

Hazlet Townshipof 1 1 0 0 0 0 0 EFO
Highlands, Borough of 1 1 0 0 0 0 0 EFO
Howell, Township of 3 2 1 0 0 0 0 EF1
Jackson Township 1 0 0 1 0 0 0 EF2
Loch Arbour, Village of 1 1 0 0 0 0 0 EFO
Manalapan, Township of 1 0 0 1 0 0 0 EF2
ManasquanBoroughof 1 0 0 1 0 0 0 EF2
Marlboro, Township of 1 0 0 1 0 0 0 EF2
Middletown, Township of 2 2 0 0 0 0 0 EFO
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Jurisdiction

MONMOUTH COUNTY, NEW JERSEY
HAZARD MITIGATION PLAN 2026

Magnitude (Enhanced Fujita Scale) Maximum
Number of Events

F Scale

Millstone, Township of 2 1 1 0 0 0 0 EF1
Neptune, Township of EFO
Tinton Falls, Borough of 1 0 0 1 0 0 0 EF2
Upper Freehold, Township of 3 0 2 0 0 0 0 EF1

Figure 4.161 Historical Tornado Touchdown Locations
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