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Foreword

New Jerseyis truly a coastal state, encompassing
miles of Atlantic coastline and nearly 1,800 miles
estuarine shoreline. The coastal zone is comprise
multiple shoreline types, including spits, headlan
high-energy barrier island systems, mixexergybarrier
island systems, and bays, all of which sustain habitat
wildlife, support viable maritime and tourism industri
and harbor a way of life for many New Jersey reside
Approximately 1.8million people live within the coasta
counties of New Jsey! These numbers drasticall
increase during the summer months as visitors tra
from a wide region to e
recreational resources and vacation destinatid
supporting a $16 billion annual tourism industryThe
same esources and scenic views that support recrea
and tourism provide a nu
commercial fishing industfyand a $50 billion maritime
industry? While the coastal zone is a financial engine
the State, it also provides tical habitat for endangeret
and threatened species, serves as a host for migri
birds, and sustains ecosystem services such as 1
control and stormwater filtration. Unfortunately, mug May 2008 Nor beas
of New Jersey 6s coast al PhOt_O credit: Andrew King 2008,
impacts of episodic and chronic erosion, subsidenEEAENLSIESCITE

shall ow coastal flooding D

hurricanes.

APeopl e t ynpware afl |
the hazards they face,
underestimate those of which they
are aware, overestimate their
ability to cope when disaster
strikes, often blame others for
their losses, underutilize pre
impact hazard strategies, and rely
heavilyon emergency relief when
the need arises

Historically, coastal communities have merely respong
to the impacts of natural hazards. In recent decades
federal government hgmoactively attempted to proted
people and property from natural disasters by impro
coastal construction standards, developing incentive
reduce flood losses, and requiring mitigation planning
order for local governments to obtain prend post
disaster mitigation funding. New Jersey has furthe
strengthened floodplain construction standards
requiring all new development to be constructed two f
above base flood elevationDespite federal and stat
efforts, coastal development continuede sited in high
hazard areas, increasing property damage losses

--Dennis S. Miletj
Disasters by Design1999

1 US Census Bureau. (2010).
2NJDEP: CMP(2002)

3 NOAA. (2006).

* NJDEP: CMP. (2002).
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recovery costs for coastal communities. Since 1960, New Jersey coastal counties have
experienced ove8970 millionin property damage and crop loss as a result of coastal storms and
flooding® Climate change threatens to exacerbate the impacts of coastal hazards by increasing
the frequency and intensity of coastal storms, accelerating rates of sea level rise, increasing
coastal erosion, and inundating ldying portions of the shore As a result, more people,
development, and natural resources will be vulnerable to the impacts of coastal hazards than in
the past. While communities will have ample time to plan for increases in sea level, they will be
challenged by stronger and moreduent coastal storms. Projections indicate that Atlantic City

will likely be impacted by 10§ear storms every 5 to 30 yedrand similar increases in storm
patterns will likely occur in coastal regions throughout the state. Local deaisikers contiue

to have the greatest i nf | utBrougheland use plahneng and ¢ o mm
permitting, floodplain management, disaster preparedness, and public education. Unfortunately,
few communities are aware of their existing vulnerabilities dastal hazards, let alone, the
potential impacts of climate change and sea level rise.

The ability of coastal communities to remain resilient to coastal hazards is rooted in
understandingheir potential exposure and vulnerabilities. However, therrently a lack of

clear guidance tassess existing and future hazard vulnerabilities on the local level. Existing all

hazard mitigation plans are typically developed on the county level and do not provide
vulnerability assessments of cultural and drist properties, businesses, critical natural
resources, or other features that are integr:e
address the potential impacts of climate change. Without baseline information, it is difficult for
communities@ identify and implement hazard mitigation and climate adaptation strategies.

I n September 2006, a ASummit Confronting CIlir
examine the economic ramifications of global climate change, sea level rise, and frazestal

impacts for the State of New Jersey and generate strategic policy options that the State should
consider. One of the recommendations stemming from the Summit was the need to develop
more accurate information to determine the degrees of vulngyabilcoastal hazards in New
Jerseyobs coast al communi t i e s-makemR eneed aecesg iton g t |
resources, tools and scieAgased information, the New Jersey Coastal Management Program
identified coastal hazards as a top priority areds 20062011 Section 309 Strategy. Through

the support of federal, state, and local partners, the New Jersey Office of Coastal Management
developed theCoastal Community Vulnerability Assessmanti MappingProtocol and the

Getting to Resiliencguestonnaireto help coastal decisiemakers undetandand addresthe

full spectrum of factors that influence community resilience. These tools can be usidnto
andimprove state and local policies and regulations, spur interagency coliabaatl educate

the public on natural hazards in their community. By providing coastal communities with the
criteria they need to assess their vulnerability and resilience to coastal h@gzasttem surge

and sea level risekhey will have the necesyaknowledge to guide their land use, hazard
mitigation, emergency management, and conservation efforts in a more holistic and sustainable
manner that considers both present and future conditions of the shore.

® Hazards & Vulnerability Research Institute. {29 Adjusted to 2011 dollars.
®U.S. Indian Ocean Tsunamiarning System Program. (2007).
" Cooper, M.J.P.; Beevers, M.D.; and M. Oppenheimer. (2005).
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How to Use this Document

This document is intended as a guide for entities interested in assessing their vulnerability to
coastal hazards. Coastal vulnerability is a complex topic that requires an understanding ¢f some
basic terms, concepts, and historical contexte effectively assesserthis documentvill
navigate through these stapghe following way:

Explanation of basic definitions and relevant concepts on hazards t
face our coastal areas

Explanation of the Assessment Tools developed by the New
Jersey Office of Coastal Management

The CoastaCommunityVulnerability and Mapping Protocol is
presentd i n a 6Cookbookd format t
available data and walk the user through the steps to create a Coa
Vulnerability Index (CVI) for their area of interest. Vulnerability can
be assessed by overlaying built environment, naturat@mwent, and
social vulnerability data over the CVI

COASTAL
MANAGEMENT
PROGRAM




Definitions

Risk is the probability of harmful consequences or expected losses (death and injury,

losses of property and livelihood, ecwonic disruption, or environmental damage
resulting from interactions between natural or huimaluced hazards and vulnerable
conditions® Risk from coastal hazards is characterized by the frequency of occurrence
severity of a hazard.

Vulnerability is the degreeof exposure and

inability of ahuman or natural systeta cope with

the effects of a natural hazardncluding changing
variability and extremem weather and climate

Resilienceis thecapacity of a systentommunity,

or society potentiallyexposed to hazards to adapt,
by resisting or changing, in order to reach a
maintain anacceptable level of functioning and
structure™®

RISK

VULNERABILITY
RESILIENCE

Resilience has an inverse relationship with risk and

vulnerability. In a resilient system, change has the poteritiatreate opportunity for
development, novelty, and innovatioWhile in a vulnerable system, even small chang
may be devastatingTo build coastal community resiliende both chronic and episodid
coastal hazardslinkages between community developmenoastal management, an
disaster management activities are needed. These linkages need to be explicit and df
community members themselves, working in concert with national and local gover

programs and NGOs. Communityased planning and asse®ent of coastal hazards an
risks is a fundamental first step in buildingpastal community resilienceCoastal

communities carthen takedeliberate actions to avoid disaster through improved plann
mitigation, and recovery procedures. Suautigationand adaptation measura® critical to

build resilience andhould continuously be updated and improved upon by lessons led
from past hazard everamdprojections of future hazastenarios?

Hazard Mitigation is sustainedaction taken to reducer @liminate the longerm risk to
human life and property from natural hazaatsl their effectsMitigation focuses on
breaking the cycle of disaster damage, reconstruction, and repeated damage, creatin
communities, and reducing loss of life andperty.*?

Climate Adaptation is the adjustmenof natural or human systems in response to actu

and

es
d
iven by

ment
d

nga

wrned

gy safer

al

or expected climatic stimuli or their effects, which moderates harm or exploits beneficial

opportunities™

8 Subcommitte®n Disaster Reduction. (2005).

° US Indian Ocean Tsunami Warning System Program. (2007).
19 Subcommittee on Disaster Reduati@2005).

s Indian Ocean Tsunami Warning System. (2007)8p 3

12 FEMA. http://www.fema.gov/about/divisions/mitigation.shtm
BIPPC. (2007).



http://www.fema.gov/about/divisions/mitigation.shtm

Coastal Hazards

New Jersey @astal communitiearesusceptible to numerous types of coastal hazardsiding
erosion,coastal stormsandflooding. Despite thissusceptibility people and businesses continue
to locate along the shore. Often times, they are unaware of the potential hazards taaethey
both structurallyand financially.Becausecoastalcommunities are highly vulnerable to coastal
processes and hazaramastal decisiomakersshould understanthe risksand deterfuture
developmenand redevelopmertway fromhigh hazard areas.
Erosion is one of the most common an j 3 —
persistent hazards along the Jersey shi(& - R —— 1879-85
Wind, currents, and waves are the me[ L Ses i iS P - 1932-36
contributors  to  erosion. While  mos 8¢/ o) iR R 1977
communities have identified mitigation optior g o o g P
to reduce the rate of erosion, some portions
the shore have been lost due to persist
erosion that was not amicable to shc
protection methods. Coastal erosion is
typically exacerbated byepisodic storm
events including tropical storms, hurricanes
and nor 6east e tygicallydccuo E
between the months of May and Novemb: Map 2: Historic Shorelines Near Cape May Point
whil e nor deast er s o0 c.cGoastalédtarms amgnmonly assosiatedtviehr mo n
high levels of rainfall, high winds, high seas, and are kntawproduce powerful storm surges
that resultin flooding and property loss. Unlike tropical storms and hurricanewhich are
typically fast mogeneralg/moevd stowlyrtend to etallbnd cauwse doastal s

= - and riverine floodingver a longer duration than
a fast moving tropical stornTides and winds
can heighten the impacts of coastal storms.
Barnegat Bay and other semmclosed bays are
prone to baclbay flooding during storm events
because high windsand narrow inletstrap
upland rainfall and tidal waters in the bay. Such
flooding can overwds barrier islands and spits
from both the back bay and oceaneating new
inlets and damaging propertiédormal, episodic
spring tides can also causeshallow coastal
flooding. Because the Jersey shore is highly
developed,coastal floodingnot only threagns
lives and private property, ibteatens roads and
bridges, stormwater infrastructuretilities, and
businessedJnderstandingnundation patterns in
0 ne éommunity can inform the location or

T rerenea some Coohumenecaeson e N | relocation  of  critical infrastructure inform
Pl sy SO X W A evacuation pcedures and guide postlisaster
Map 1: Historic Storm Tracks, 1850-2008 redevelopment



Global climate change is expected to increase theofagealevel rise resulting in increased
saltwater intrusion into coastal aquifers, increase levels ofbdarsdd pollutants into coastal
waters,and more powerful El Nino and La Nina evefitsAs a resultmore people, property,
infrastructure habitatand wildlife will be exposed to coasthhzardsthan in the pastDue to
local geologic factors, including subsidence, depleted sedimentation, acidl gostatic
adjustment, New Jersey already experiences higher than average rates of sea level rise in
comparison to global averagesongtermtide gauge data indicates that the New Jersey coastal
zone has experiencegea level
riserates of 3.90 to 85 mm/year
since the beginning of the
twentieth century® If this trend
were extrapolated into the future
without considering accelerated
rates of sea level rise due to
global climate change, the New
Jersey shore could experience
approximately 0.4 meterq1.3
s ——————————————————  fed) of sea level rise over the
Figure 1 At | a nt iSea LeveltRigedTsend next century,nearly twice global
Source: NOAA. 201l Sea Level Rise Trends averagesBut projectionsindicate
that the seas will vertically ris@.5 to 1.5 meters(~16 to 4.9 feet) by 2100 as a result of
increased global temperatures, thermal expansion t&rwglacial and Arctic ice sheet melting
and localized conditiom® Researcherfrom Rutgers University and the New Jersey Geological
Surveyagreethat sea level rise along the East Coast will exceedténft3 feet) by 21087 As
climate change alterthe natural processes of the New Jersey shore, coastal communities will
likely experience more regular shallow coastal flooding events, greater rates of salinity intrusion
into freshwater resources, changes in and loss of critical habitat, and mose entenfrequent
coastal stormsAdditionally, the life expectancy of coastal engineering projects will decrease,
the cozltsof shoreline stabilization will increaseaking coastal resource protection harder to
achieve.

Atlantic City, NJ  3.99 +/-0.18 mmiyr

0.60

0.45

0.30

0.15]

Meters

0.00

015+

-0.30

-0.457

Becauselimate change isxpected taaccelerate overtime, little change will be visible on a year

to year basismaking it difficult to make the case to plan fonanging coastal conditions.
However, as time goes on, the cumulative increase ieseawill become evidentMultiple
studieshave been undertaken to identify the threat of accelerated sea level rise and exacerbated
coastal storms to the Jersey shtréThese studies have been effective in providing insight on
potential changes in flooding and habitddut comprehensivehazard ad vulnerability
assessments have not been performed on the county or municipal scale. The assessment tools
identified in this document are intended to provide guidance on how to perform local
assessments and take steps to improve resilience to existiguedhazardconditions.

1S Indian Ocean Tsunami Warning SystemgPam. (2007).

5NOAA. (2011).

® PDE. (2010; Najjar, R., Patterson, L., and S. Graham. (20B@)nstorf S. (2007).

7 Miller, K., Sugarman, P.J., and J.V. Browning. (2011).

8 Hayes, M. (2004).

¥ PDE. (2010) Lathrop, R. G. and A. Love. (200%poper, M J.P., Beevers, M. D., and M. Oppenheimer. (2005).
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Vulnerability and Resilience Assessment Tools

To help assess their vulnerability and resilience to coastal hazaads$alcdecisiommakers need
access to resources, tools and scidased informationThe New Jersey Officef Coastal
Managemen{NJOCM) incorporatedelements from numerous tools, guidebooks, and training
courses to develop two assessment tamksnsure that coastal communities have consistent and
comprehensive guidance to assess their vulnerability and tapaciresilience The Coastal
Community Vulnerability Assessmartd Mapping Protocol (CCVAMP) was developed to

guide communities through the development of a geospatial vulnerability assessment, while the
Getting to Resiliené&GTR)questionnaire waasembledo assistocal decisioamakersreview

and characterizéheir existing planning, response and recovery effortelémtify opportunities

to support community resiliencelhese toolgprovide a consistent meansitentify andassess

the potentialpacts of coastal storms and sea level rise throughout coastal regions ofethe stat
which can then inform local and regional planning, hazard mitigation, and emergency
management efforts.

TheNJOCMstrategically approached the development of vulnknabnd resilience assessment

tools so they are not only useful for identifying potential exposure to flooding and storm threats,
but could identify ways to incorporate hazard mitigation and climate adaptation measures into
existing programs and plansich as local ordinancesyasterplans, evacuation procedures, and
all-hazard mitigation plans. In order to do so, the NJOCM suggests tHaCWwaMPand the

GTR questionnaire be usetbgether to ensure that local decisimakers discover the full
spectrm of f actors that cont r i [Because coastal ¢comraunities c o0 mm
vary in size and capacity, communities may approach the execution of the vulnerability and
resilience assessments in different manners. Some communities may havafftlaad the
technical capabilities to generate a vulnerability assessment, while others may choose to contract
a consultant. While the capabilities of the communities may vary, the NJOCM recommends that
the assessments involve the participationregresentatives from local government sectors,
special interest groupsd. business sectand conservation organizatiorem)dthe public By
involving a broad group of people in the assessment process, the communityildibupport
aroundt h e tfiedangs @rsfecommendationsCoastal communities should seek partnerships

to obtain technical or facilitation assistance. Results of the assessments can be incorporated into
all-hazard mitigation plans or climate adaptation plans and may help commuraties e
Sustainable Jerseypoints and identify ways to improve their Community Rating System scores.

The methodology outlined in this report is intended to allow its users to identify their existing
and future hazard exposuia addition to theypes offactors that a community should consider
when embarking on a vulnerability assessm&hile the Coastal Community Vulnerability
Assessmerand MappingProtocoland theGetting to Resiliencquestionnairare intended to be
used together, theulnerability mapping methodology can be usedassess vulnerability at
varying scalessuch as the county, watershed, or regional scdie mapping methodology was
first piloted on a regional level along tielaware Bayto ensure & scalallity. The NJOCM
thenpilotedthe vulnerabilityassessment toahdGTRin communitiesalong the Jersey shore.

YNJDEP. NJOCM. (2011a).



Coastal Community Vulnerability Assessment and Mapping Protocol

Community resilience is highly dependent ugba location ofdevelopment in relation to high

hazard areas. In order for local governments to take proactive measures to adapt, mitigate, and

plan for episodic events or losigrm changes in the shorellrtbey must first be aware of the

hazards they face and the potential exposurgss >

people, property, and resources. As mags

one of the best means to convey information

decision makers, th&lJOCM develomd the

Coastal Community Vulnerability Assessing

and Mapping Protocol(CCVAMP) to assist

land use planners, hazard mitigation planng . = s —)
. i Natural Environment

emergency managers, and other local decisi ~ \hilrierability

makers in the identification of their =

c 0 mmu n\vulheyabilgy to coastal hazardg

The CCVAVIP defines the necessary stefus

geospatially identify vulnerable land areg

under present and future inundation scenar >

whether it be shallow coastal flooding due Figure 2: Coastal Community Vulnerability

spring tides, storm surge, or sea level ri#Assessment Protocol

Through the development of inundation scenarios, coastal deaskars can then determine

threats to built infrastructure, sensitive natural resources, and special needs popiilagidinst

stepin the analysis is the development o€aastal Vulnerability Index (CVI), which stratifies

high hazard areas in coastal coonities by compiling available hazard, elevation, and

landscape geospatial data into an environmental constraint mModeld with the understanding

of areas naturally predisposed to riskastal decisioimakersmay guide future development

away from hgh hazard areas and mitigate future lossElse vulnerability assessment

methodology is based on numerous risk and vulnerability assessment methodblagleding,

but not I imited to, N QRaaima@ to sdaptiag to CastaVRietd e s C e n

Inundation Mapping Guidebook

Prior to pursuing the development of inundation and vulnerability maps, community leaders
shouldwork with a group of engaged decisiorakers, special interest groups, and the public to
define an acceptable level of ris& various hazard scenarios/Nhile it is suggested that a
community develop multiple inundation scenarios to understand the full breadth of their
vulnerability, some communities may choose to only assess past hazard scenarios. Other
communities may choode comprehensively assess past storm and future inundation scenarios
and local vulnerabilities.After completing a risk and vulnerability assessmeit,is
recommended thatommunity leaderssharethe available informatioras a meanso inform
community planning, mitigation, response, and recovery strategies.

Z Cutter, S.L. (2008)Cuitter, S.L.; Mitchell, J.T.; and M.S. Scott. (200@97. NOAA: CSC. (2010b;1999)
PSDS. (2001)Thieler, E.R and E.S Hamm#&lose (1999) Lennonet al(1996);Gornitz, V. M., Daniels, R. C.,
White, T.W., and Birdwell, K. R. (1994).



Getting to Resilience

Getting to Resilienc€GTR)is a facilitated questionnaire thats developeds a nofregulatory

tool to assist local decisiemakers in theollaborativeidentification of planning, mitigation, and
adaptation opportunities to reduce vulnerability to coastal stditowmling and sea level rise

thus buildingcapacity for coastal community resiliend&s noted previously th&etting to
ResilienceQuestionnairewas envisionedo work in conjunction with the mapped information
provided through theCVI and CCVAMP initiative. The qustionnaireincorporates the key
components of existing local government evaluation tools, developachllgmics, international

and federal agencies, and planning ptacters to improve community resilience to natural
hazardsincluding, but not limitedo, e | ement s from the Nati onal F
Community Rating Systemnn d t he MS/ Adomniueity ReGlrereca Indéxgvhile this
guestionnaire incorporates many concepts and questions from existing tools, it is not intended to
grade theresiliency of a community.lt is howeverintended to stard dialogue mong various
decisionmakers,spawning creative thinking and collaboratibaetween plans andn ways for

their community to become more resilient for existing and future generations.

The questionnaire highlights the importance of local pl ..
integration and consistency with municipal building cod B - 4 B
ordinances and zoning to seamlessly support floc ‘ oG
protectlon efforts PLANNING INTEGRATION
Pusucsum
The guestionnaire is divided into five sections: i _
(1) Risk andvulnerability Assessments, ———— e &
(2) Public Engagement,

(3) Planning Integration,
(4) Disaster Preparedness and Recovery, and Getting to Resilience-

A Coastal Community Resilience Evaluation Tool

(5) Hazard Mitigation Implementation. —

In order to initiate information sharing and spav
collaborative decisiomaking, he facilitation of the
guestionnaire shoulthclude but not bdimited to, elected
and appointed officialdand use planners, hazard mitigatic
planners, floodplain managers, emergency manag
stormwater engineergnd natural resource plannersThe _.
Getting toResilienceguestionnaire shoulde facilitatedn a —9u'e 3: Getting to Resilience

. : . . Questionnaire
roundtable discussion and commence with a review
available vulnerability assessments and/or the results of GOR/A Participants will then be
fully aware of the hazards their community faces when ssgg#s resilience

While this document does not include tBetting to Resiliencquestionnaireit can be obtained
by contactinghe New Jersey Office of Coastal Management



Coastal Community Vulnerability Assessment and Mapping
Protocol: Cookbook Approach

The NJOCM is presenting this docummsemblageof a Oc
the data layers and development of maps and assessmentTioel$ollowing sectiasn will

outline the data required to perform the CCVAMP and give a fewnple maps. A detailed
methodology(Cookbook)for creating your own Coastal Vulnerability IndeAssessmerdand

Maps can be found imAppendix A: Buildinga Coastal VulnerabilityAssessment#A Technical

Guidance Each section is hyperlinked to the approprigtana p pi ng pr ot ocol 6 i n

The CCVAMP is designedto help coastal communities navigate the procesgetterate a
geospatial hazard and vulnerability assessmé&he mapsgenerated by a hazard assessmant
increse awareness ofilnerableinfrastructure, environmental resources, and populatiatsie

in high hazard areaprovidingdecisioamakerswith the informatiorto adapt, mitigate, and plan

for response and recovery torrrent risks and futurbazard scenario€CVAVIP is a twopart
mapping process thatkequires the development of hazard maps and the identification of
vulnerable community assets, natural resources, and pddpgedocument attempts to define
some of the mapping procedures thabemmunity should pursue when developing a hazard and
vulnerability assessment.

What Does It Take toDevelop a Geospatial Coastal Vulnerability Assessment?
e Expertise: Geographic InformatiorystemsSpecialiswith raster modeling capabilities
e Software: ArcGIS 9.2 or higheand Spatial Analyst Extension
e Computer: High performancemputer, especially for large scale assessments
e GIS Data: @ospatial data representing community assetisiral resources, and social
vulnerable populations, somewhich sources are noted throughout this document

Prior to developing new hazard maps, a community should identify if there are existing maps
and/or assessment available throughstiaée or the county. In many cases, storm surge maps are
available fromthe State Office of Emergency Management or a county emergency management
office, and floodplain maps are available within each municipalititzile these maps typically

do notprovide the necessaryevel of detailto performa localvulnerability assessméensome
communities mayolely have to rely upon such magplsie to a lack oIS staff or consultarg.

For those communities that do have GIS mapping capabilities, they should consider pursuing the
development omultiple inundation scenarios, includisgring tide, storm surge, and sea level
rise They should also consider the development of a coastal vulnerability index or
environmental constraint model to geospatialgntify land areas that are susceptible to multiple
hazard scenariosA community canthen assess the potentiezardexposure of infrastructure

and development, natural resources and environmeotalerns and vulnerble sectors of the
population. The following sections of this document will define suggested mapping
methodologis to follow when developing a risk and vulnerability assessment.



Publically Available Data & Tools

The New Jersey shore hbhsstorically been heavily impacted bgoastalstorms, flooding, and
erosion.lt is important for castal communitieso build uponpast experience® help identify
current and future hazandilnerabilities. Inundation and hazard mapping play a large role in
helping a community understand its risks and vulnerabilities, and should be one of the first steps
taken to help acommunity become more resilient to coastal hazafds.obtain a full
understanding of inundation threats of current and future climate condition$\JDEM
suggests that communities develop multiple inundation scenarlfueugh a collaborative
processmunicipal leaders and staff should identify which inundation scenarios to consider in an
assessment, along with the appropriate scale of the analysis.

NOAA Coast al S eCoasstalclmusdatiod &1appiegr Gusdebookdefines the
methodologes to modekhallow coastal flooding, storm surge, and sea leveffishe NJOCM
recommendsusing Light Detecting and Ranging (LIDAR) derivedigital elevation models
(DEMS) as the topographic baseline for the development of the inundatboels and hazard
indexes To ensure that inundation models are meaningful and represaigtic worst case

scenarios,ie NJOCMrecommends he wuse of NOAAGs Vertical Da-
(VDatumY” to adjustelevation data from NAVD8& an appropriate tidal datum. Becattsere
are multiple steps involved in developing inundation scenal@AA Co a st a | Servicebd

provides training on mapping methodologies and inundation visualizatiensure that coastal
managers and local decistomakers have the necessary tawld baseline knowledg® develop
local hazard map$’ By leveraging these innovaé resourcesNew Jerseyoastal communities
will be better equipped to identifgtorm and inundation threats, allowing them to plan and
prepare for potentishdverseimpactsto infrastructure and development, cultural amdtoric
places natural resources, and othecally significant assets

Topography and Shoreline

LiDAR

Elevationwas identified asone of the most infludial factors affecting vulnerabilitpf the
coastal landscape. |[Evation defines flood patterns, the likelihood for coastal erosion, and
potential development constraintd8ecause accurate elevation data can influence coastal
management, lorgange planning, and hazard mitigationigh resolution elevain data,
otherwise known asight Detecting and Ranging elevation (LIDAR), iecommended foa
variety of purposes, including, but not limited talnerability mappingstorm surge and sea
level rise modeling, floodplain mapping, land suitability analyand shoreline mapping.

In 2007, theNJOCM began the process of identifying the necessary data to understand changes
and vulnerability along the DelawaBayshore Using LIiDAR technology,tte NJDEP acquired

2-meter resolution elevation datatlva vertical precisioof + 15 centimeters (6 inches). Data

was contracted to be collected within £ 3 hours of mean low water to capture the topography of

the intertidal zone, which will allow for thdelineat on o f t he BleyliDAR shor e

22 NOAA: CSC. (2009)http://www.csc.noaa.gov/digitalcoast/inundation/_pdf/guidebook.pdf
2 NOAA: NGS. (2010).
2 NOAA: CSC. Inundation Toolkithttp://www.csc.noaa.gov/digitalcoast/inundation/
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acquistion was funded through partnerships with NOACZM Grant) NJDEP(OIT), Office
of Homeland Security and Preparedness, US EPA Region 2, USDA NRCS, USACE Philadelphia
District, and USGS.

Figure 3: 10-Meter v 2-Meter Resolution Hevation Data

7 —

10-meter resolution digital
elevation models were formerly

) ape May Canal__ - = ihe best available elevation
r—$ Ty : s data (left). LIDAR provides

- 4 ‘ higher quality elevation data

" = (right) which generates more
accurate digital elevation
models (DEMS).

10-Meter Resolution LiDAR 2-Meter Resolution

Today,bareearthLiDAR digital elevationmodels (DEMs) are available for every coastal county

in the state While tides were not considered in the acquisition of elevation data in Atlantic
coastal counties, a great deal of analysis anddaion modeling can be done using the
available dataAs technology and mapping standards continue to improve, New Jersey should
continueto pursue the attainment of best availablevationdatawith consistentacquisition
standardghat allowfor the deelopment of aseamless coadt DEM and digitally represented
shoreline LiDAR data is available from multiple sources, including:

e NJDEP Bureau of Geographic Information Systéawailable by request)
e USGS Seamless Servatp:/seamless.usgs.gov/

e USGS Center for LIDAR Information Coordination and Knowledge (CLICK)
http://lidar.cr.usgs.gov
e NOAAOGs Di onitpt/hvaniv.cs€noaa.got/digitalcoast/data/coastallidar/download.html

VDatum

In order toadequately visualize the inundation impacts of shallow coastal flooding, storm surge,
and sea level rise, elevation data should be referencedidal alatum. Doing so will allow
inundation scenarios to be represented atefeped tidal stagesuch asmean high water or
mean higerhi gh wat e rNational S$é&deficoSairvey (NGSPffice of Coast Survey
(OCS) andCenter for Operational Oaaographic Products and Services {OBS)developed

the Vertical Datum TransformationTool (VDatum) to vertically transform geospatial data
among a variety of tidal, orthometric and ellipsoidal vertical datdm®Because New Jersey
elevation data is typadly referenced tdNorth American Vertical Daturof 1988 (NAVDS88), the
NJOCM suggestsanverting digital elevation models into a tidal datunBy doing so,storm
surge and sea level riseodelscan be represented at various tidal stages, prefenaddy higher

high water (mhhw) to represent worst case scenarid®atum can also be used to model scenarios
atmean lover low water,which may be useful when mapping predicted water elevations, like future

% NOAA. NGS. (2010).
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spring tides. Visit the VDatum websitghttp://vdatum.noaa.goy/to learn how to apply the
transformation tool televation data iryour area of interest.

Shallow Coastal Flooding and Past Storm Events

New Jersey coastal communitieien experience coastal flooding low-lying areas during spring

tidesn o r 6 ¢ ansl huericasedn order tounderstandnundationpatternsfrom past stornevents

or spring tides,v i si t NOAAOGs Ti des htig:fitdesa@auments.mofasgovioe b si t e
locate the tide gaugeosest to your area of interesExplore the tabs and information that are
available on this website. It not only provides future pdedictions it hasrecords of past tidal

records Toidentify the hidhest water elevationgcorded neayour community (1) Pick a tide

station closest to you2) chosefi kKtremeso (3) fr om t he drop down menu,
ExtremesReport 0 [iodsg a lwroad range of datasd( 5) Cl i ck A Apply Chan
extreme tide events, along with the dates will appear

Identify the date of the worst tide event. In most cas ~9ure 4 Water Depths from Sandy Hook

. . . During Hurricane Irene
the date will correspond witHurricane Donnal960, 9
Historic Tide Data

the Decemberl 9 9 2 Nor 6easter, _ . - - Time Pred ¢ veey s | ENE
(2011) Identify the date of thevorstevent, and select oce:: 1 1

the fVerified Data option. On this webpagepputthe 222 G 1om e et

date of the identifiedcevent choosefiHourlyd as the ieaximoe: §.05

Interval andselectiimllwo as theDatum. To the right inimum: -0.22 0.8

is an example of the resuliom the Sandy HoOK tide cssiez0 20120022 00:00  s.56 .64

station for Hurricane Ireng which identifies the Sooyeeo aoaiosem ooine B e

maximum water elevations 9.75 feet abovemliw. To

visuaize this inundation patterim a map ofSandy Hook, ensure that the elevation data is in feet
and has beeadjusedto mean low lower water, using VDatum. In ArcMap érc Catalog, us¢he
raster calculator under the Spatial Analyst extengddentify all elevationsn the DEMbelow 9.75
feet. (Example expressiofMLLW_DEM] <= 9.79 This will generate a data layer showing the
likely inundation patterrthat occurredduring Hurricane Irenein Sandy Hook. By utilizing
NOAAOGs Ti de s websitd, a Coastal @mmuity calsoidentify the tidal depthef
past spring tide eventsvhich occur during new and full moan&lote that the highest tides of
the year typially occur during the spring and fall equinoxes (March 20/21 and September
22/23).Following the same ste@s beforea coastal community can then model the inundation
patterns of past spring tides.

Figure 5: Water Elevations at Sandy Hook During Hurricane Irene

NOAR/NOS/CO-0PS
Verified UWater Level vs. Predicted Plot
8531680 Sandy Hook, NJ
from 2011/08/28 - 2011/08/28
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This graph represents the variation in the predicted water elevation and the observed water eile%ation
during Hurricane Irene, indicating a storm surge of approximatellged near Sandy Hook, New Jersey.
Source: NOAA. (2011). Tides and Currents, Historic Tide Data
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Storm Surge Inundation

The New Jersey coast hasperienced multiple tropica
storms and lowgrade hurricanes since the 18504Vhile
the Shore has been spared the catastrophic impacts
major hurricane, changes in climate could produce
intense and frequent storm evenide Sea, Lake and
Overland Surges from Hurricang§SLOSH Model and
Advanced CirculatiofADCIRC) Model are two types of
storm surge models that can &gplied to elevation data
to visualize inundation scenarios. The NJOC
recommends using the SLOSH model becauiser@adily & &
available and updated by the National Hurricane Ce Waves Pound the b;:h = sbufy
(NHC). SLOSHestimatesstorm surge heights and wing Park during Hurricane Irene
resulting from historical, hypothetical, or predicte Phdo Credit:Chip East, Reuters
hurricanes by taking into account pressure, size, fo
speed, storm track, and wintlsSThe SLOSH model is run
for a large number of storm scenarios (directions, sp¢
etc.) to determine maximum storm surge for ea
hurricane  category. The NJOCM recomme
downloading MOM shapefiles (Maximum of the
MEOW), which reflect the Maximum Envelope of Yéa
(MEOW) for thousands of storm scenarioshe MOM
Model is acomposite of the maximum storm surge hei
for all hurricanes of a given categoryThis scenario
based approach is used in evacuation studies, and is

for planning and mitigation purges. Firefighters battle a fire at 484 Brielle

road in Manasquanafter Irene
Visit the NH C 63LOSH Display Package website Photo Credit: Andrew Mills/The Stdredger

(http://slosh.nws.noaa.gov/sloshPub/disclaimyphp to
download training information and grid shapefiles q )

. : . amage and destroy coastal properties
surge elevations.There arefive basin models to ChooS| NIRRT S
from for a local analysisncludingbasins forOcean City of coastal residents. New Jersey was
MD, the Chesapeake Bay, the Delaware Bay, Atlaii et iintu-R iR els By e IR bes
City, and New YOI’kCity. Thesegrid basins should bs during Hurricane Irene. Emergency
transformed from NAVD29 to NAVDS88 before applyin management efforts ensured that the
them to LIDAR d#&a. After adjusting the elevation data coastal zone was evacuated in adequatg
the appropriate datunipllow the procedures defined i time and coastal residents and
the Coastal Inundation Mapping Guidebootlo map businesses leded the warningsf the

inundation scenariogsnd identify vulnerabilities within [EEESCEREUERELCEINCEERINTCII SR
your community precautionary actions and planning

ahead were key to ensure the safety and
resilience of New Jersey coastal
residents and industries.

Hurricanes have the capability to

% NOAA: CSC. (2010a).
2T NOAA: NHC. (2011)
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Map 3: Storm Surge Map of the Delaware Bay
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The map shows the potential extent of storm surge inundation. Surge was modeled using the National Hurricane Center's SLOSH
Maximum of the Maximum Envelope of Water (MOM) with a 2-meter resolution LiDAR-derived DEM. Inundation is represented

at mean high higher water (mhhw), which was determined through the use of NOAA's Vertical Datum Transformation Tool.
The inundation models do not account for wave action, upland rainfall, or flood control structures.
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Sea Level Rise Inundation
Over the next century, sea levels are predictedige
between 0.51.5 meters (~1.6 4.9 feet) along the Ne
Jersey shore, threatening coastal developmamd
natural resources.While local planning horizons are
typically on a 10 to 20 year cycle and irdtaucture
budgeting spans a 50 year time scdle impacts of
natural processedike shoreline change and sea le
rise typically occur over an extended period of tim
Prior to making substantialbudget decisions, coast
communities should considéne threatof sea level rise
on existing and proposed infrastructure, developm
and land use, and open space conservation.

-

"“,‘!"J L3

Saltwater Intrusion

While there are numerous sea level rise projectiQRERSCASECISVENEEEE

available the NJOCM suggests that communitiejs utili The impact of saltwatentrusion into
a 0.5, 1.0, and/or 1meter scenario when modeling s N TVt Ao 1ot W [ Fo e
level rise.There aanU|t|p|e ways that a community ca be seen along portions of the New
visualize the potential inundation threatssociated with Jersey coastline especially where
sea level rise. A Bath Tub Model is a simple model t dead trees mark the transition line
utilizes a digital elevation model to determiaad areas between tidal wetlands and upland
that lie below a particular elevation contaufo create [RSCEERNEEREE R EVEREERCEICICHS
such a model, one can eitheonvert a LIDAR DEM freshwater wetlands andfringing
from NAVD88 to a MHHW tidal datumprior to forests will became highly susceptibie
performing the inundati o tothelmpactsofsealevelnse‘l?he
MHHW zero raster and convert this to NA88 using PEITEAN U7 U1 IDEEMEE 30k
. . has applied the SLAMM model along
V-Datum. _Sea_level rise models can also be_ applied portions of the Delaware BayVisit
top of spring tide scenarios to reflect the inuNdat TN Tt TN ot TR 1o 1 11e) £
extent of future spring tides information:
www.delawareestuary.org/
While a Bath Tub Model may be useful for planning
infrastructure purposes, there are other smrents thatESIER CVCEI (RN oo (SllTold e=Ta 31 (el sy
are typically used t@nalyzesea level rise impacts ofRECREIRCECElvELC NGRS
habitat, including the Sea Level Affecting Marsh{EUEUECEIERIIRUER G ITIERYEIRIC
Model (SLAMM).2® SLAMM is a wetland migration [RSSUCEENERCRUTRENTEERIIENEY
model that simulates the impact of sea level rise IR Ut E ST
coastal land classifications. It cbimes elevation date el el (Eeek = i ehile F Eielle
) e . ) open water areas, and the
with we_tland cIaSS|f|cat|qns, erosion rates, sub_S|de TR e G e s
rates, tidal data, _and dike _and Ievc_ee data vu_aﬂer to tidal wetlands Understanding how
deﬂnEdsea Ievel riIse scenarios and t|meframe Inter the natural environment may react to
to simulate changes in the coastal landscape due tOREEe FTale =Ty B=1=Y- W =3/=1 171 | Y1 {01140
level rise. Utilizing SLAMM can improve the adaptation measureslike natural

understanding of climatic changes on shorelines shoreline stabilization and acquisition
habitat. of conservation land.

% Clough, J. (2010).
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Map 4: Sea Level Rise Map of the Delaware Bay
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The map shows the potential extent of inundation with 0.5, 1.0, and 1.5 meter sea level rise . Sea level rise was modeled at
mean high higher water (mhhw) using a 2-meter resolution LiDAR-derived DEM and NOAA's Vertical Datum Transformation Tool.
The inundation models do not account for erosion, beach replenishment, excelerated subsidence, or flood control structures.
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Coastal Vulnerability Index

Storm surge and sea level ris@psmayhelp coastal communities visualiteoding threats but
inundation mappig alone does not clearly define most high risk areasin and around a
community. Historic flooding and erosion, combined with potential inundation areas and natural
features of the landscapbelp a community determine wherproperty damages and
environmental impactare likely to occurthe next time aroundCreating an index whereby a

Aibaseline of natur al risko is mapped, commun
Figure 6: Coastal Vulnerability Index Model POtential risk to critical
infrastructure, natural resources, and
>~ CVl=a+b+c+d+e+ populations.In order to déneate
~ \; high hazard areashe New Jersey
Where CVI = Office of Coastal Management
é\/g (a) Geomorphology developed a composite overlay
< R S i model of six geospatial hazard
/>\\ \\’7;‘/</ o Slop (38 Rise) indicators, including
U KR ~>  (c) Flood Prone Areas geomorphology, low slopesflood
/§ (d) Storm Surge (SLOSH) prone areasstorm surge inundation
P e (e) Drainage scen_arios,poorly draine_d soilsan_d
S s _ erosion prone areasThis model is
\\? y (f) Erosion known as aCoastal Vulnerability

Index (CVI) and is basedon
previous vulnerability moeling application$® The CVI can help land use planners and hazard
mitigation planners identify areas of highest developmentt@nts due to natural conditions
that are indicative of flooding and erosiofhe CVIcan beused as an environmental constraint
modelto determindand suitability for future developmeand zoning classificationdt can also
be used to help identifynitigation opportunities in high hazard areesaddition to areas where
engineering and climate adaptation may prove to be extremely difficult or ineffective.

Note: While highly recommendeché CVI is not an essential part of a full hazards profile or
vulnerability assessment. Therefore, if resources and/or expertise are such that a CVI cannot be
performed effectively, it can be left out.

It is important to understand th#te CVI created by the NJOCM represents one method of
assessing natural risland therefore could be modified by adding additional layemd/or
weighting attributes of those layers such thatsilim of the parts more accurately depicts factors
of regioral importance For instanceCVI is merely a static modd¢hat represents landkat are
presently vulnerable to inundation and eroslart it can be adapted to incorporatea level rise
scenarios into existing storm surge mod®svisualize howclimate change may move high
hazard areafurther inland overtime.By understanding theulnerabilities that presently exist
coastal New Jerseglong with potential changes in future conditioc@nmunities will have the
opportunity to mitigate existing developmemd guide future decisiemakingin a more holistic
and sustainable mame

% Gornitz, V. M.; Daniels, C. R.; White, T. M., and K. R. Birdwell. (19949nnonet al. (1996); Thieler and
HammarKlose (1999); Bush, D.M.; Neal, W. J.; Young, R.S.; and O.H. Pilkey (1FE0)S. (2001).
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Map 5: Coastal Vulnerability Index Map of the Delaware Bay
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The coastal vulnerability index (CVI) is an environmental constraint model intended to highlight land areas that are most vulnerable
to coastal hazards. The model was developed by combining the following geospatial data layers into a composite overlay model:
geomorphology, low slopes, flood prone areas, storm surge, poorly drained soils, and erodible lands.
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Slope

The terrain of a coastal region can greatly impact its vulnerability to periodic flooding and sea
level rise. Utilizing available LIiDAR, land areas below 2 percent slope were identified as
vulnerable. As slopdecreases, more land areas become prone to pooling of water, allowing for
prolonged coastal flooding. Theoretically, the Brunn Rule indicates that every foot rise in water
will result in a 100 foot loss of sandy beach, whether it is an episodic stomha@veermanent
inundation due to sea level rise. In other words, a 1 percent slope or less is likely to be inundated
with a 1 foot rise in water. While the Brunn Rule does not apply to all land types, it provides
insight that lowlying coastal areas ammost vulnerable to inundation and changing coastal
conditions. Looking at the map below, it is evident that coastal wetlands and beaches coincide
with the very high classification.

Map 6: SLOPE Ranking along the Delaware Bay
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Flood Prone Areas

FEMA6s Flood I nsurance Rate Maps (FIRM) are
available to municipal officials. While FEMA is in the process of generating updated flood maps
for coastal New Jersey, communities can supplement their knowledge by using existing soils
data to identify flood prone landS'he DFIRM Q3 Mapswere used sithe basis for the analysis

and rankof the attributes according to level of riskhe V-Zone should be ranked as the most
risk prone, while the 10¥ear Floodplain and the 500ear Floodplain should be identified as

high to moderately risk prone. Wheskorelines have shifted and lands have accreted since the
Q3 maps were developed, utilize the ranking of the floodzone adjacent to it, typicalipaeV

or A-Zone For the land areas that are outside of designated floodzones, utilize soils data
(SSURGOflodfregmax) to identify soils that have a high to occasional likelihood of flooding in

a given year.

Map 7: Flood Prone Areas along the Delaware Bay
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Drainage

Soil drainage influences the period of time coastal lands are inundated after a storm event. While
highly drained soils typically consist of sands and porous sediments, poorgdiisoils are
typically wetland soils or clays. Using soil data from USDA NCRS (SSUR@Q®assdcyl

rank soils from well drained to very poorly drainefiomewhat excessively draideand
Gexcessively drainédsoils should not be considered in this Iggis because they are not
vulnerable to extended inundation. While well drained soils can decrease vulnerability, be aware
that there may be an inverse relationship with erodible soils because well drained soils are
typically associated with sand.
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Erosion

There are multiple ways to assess erosion risk. Communities should use erosion data that are
available to them, which many require erosion rates of coastlines to be projected into the future
to fully assess erosion risk. Because erosion analysis has not been done for all shorelines and
shoreline types in New Jersey, communities can utilize existingeatatavailable to them,
including erodible soils data (SSURGO, kffact) and historical shoreline data. The soils data
should serve as the basis of the erosion model. Rank the kffact scores, which represent the
susceptibility of soil particles to detachmdit water. Most of the Delaware Bay is 28 to 43
percent susceptible to erosion due to water. Note that there are gaps in the data. Where there is
an obvious correlation between adjacent soils, utilize the adjacent classification. Where there is
not an obvious correlation, rank the area as 0. To supplement the soils data, utilize historic
shoreline data to identify beachfront areas that have a history of erosion or accretion. Areas of
historic erosion should be classified as very high. Areas of histocietion should be classified

as 5 because those land areas are susceptible to change.

Map 9: Erosion Classifications
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Geomorphology

The New Jersey shore is comprised of multiple geomorphic settings because of varying wave,
current, and wind energy that exists along the coast. There are seven distinctive shoreline types
along the Jerseshore, including spits, high and mixedergy barrier island systems, headlands,
bays and open bay systems, tidally influenced, freshwater rivers and estuaries. These shoreline
types are indicative of the natural hazards and geologic processes thahaped them over

time. Geomorphology should be included in lasgale assessments, but may not be necessary in
coastal communities because they typically represent one geomorphic region. JOGMN
delineated multiple geomorphic classifications alding New Jersey shore by identifying the
watersheds that are tidally influenced and labeling théim the geomorphic descriptioshown

in the New Jersey Shore Protectiddaster Plan. Based on anecdotal information, each
geomorphic region was ranked ftg vulnerability to coastal hazards and sea level rise.

Map 10: Geomorphic Regions along the Delaware Bay
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Storm Surge

Storm surge inundation patterns are not usually well represented in flad rpaps. To
understand the potential for inundation, communities should apply the National Hurricane
Centerdés SLOSH Model, coupled with a MHHW sce
of any storm event. MHHW represents the daily extent of tidahdation and is obviously the

most vulnerable area. The inundation of a category one storm would be classified as the high,
followed by the inundation extent of a category two hurricane, etc. These storm scenarios are
ranked this way because a categamg storm is most likely to occur. Additionally, if a category

four storm impacted the Shore, the inundation will be worst inlyavg areas.

Map 11: Storm Surge (SLOSH) along the Delaware Bay
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Vulnerability Analysis

Maps of hazard prone easare informative in themselves, but local decisiakers should be

aware of the community assets that lie within these areas to guide poligylamming. The
vulnerability analysis within each community will not be the same,aat eommunity will

likely be concerned withssessinglifferent assetshat are vital to its functioning and character.

The input ofcommunity leaders and the public on the types of assets to assem®bility not

only engages stakeholders in the assessment, it can buaichwgty consensus around the
mapping results.Participatory mapping is one way to engage stakeholders in the vulnerability
assessment. NOAA Coastal Services CéntfrSt akehol der Engagement
Parti ci pat povides lidgngeiom lgpw tonduct this form of community outreach

and information gatherind Information gathering may occur in the form of public workshops

or meetings. During these public programs, members of the assessment team may wish to utilize
checklists of known commutyi assets ta@onsiderfor a geospatial vulnerability assessmehhe
assessment team can trecurately identifyand map significant features of the built and natural
environment in addition tosocial characteristicghat intersectvarous inundationand hazard
scenarios Municipal leaders can uséis$ information toinform mitigation and adaptation
strategies and guide dialogue during the facilitation ofGle¢ting to Resiliencguestionnaire.

The following pages provide some examples of the typesramunity assets, natural resources,

and social characteristics that a community may want to consider in a vulnerability assessment

along with available GIS resources to utilize during the mapping process
Figure 7. Example ofa Vulnerability Mapping Considerations Checklist

4 Built Environment Vulnerability +'|  Natural Environment Vulnerability V1 cesss Dﬁf:i;:_ Timerabbty -
Evacuation Routes Wetlands Population Density per sq. mile
F.oads and Bridges Forestlands Housing Units per sq. mile
Falroads Farmland % Elderly, Age 63+
Emergency Shelters Environmentally Sensitive Lands % Youth, Age 5 and under
Police & Fire Conservation Easements* % Youth, Age 17 and under
Nursing Homes® Blue Acres Land*® % Minorities
Municipal Buildings* Green Acres Land* % Individuals Below the Poverty Level
Public Works* Brownfield Sites % Households without English Fluency
Schools Manufactuning Sites % Individuals Without a High School Education
Houses of Worship* Landfills % Disabled Indrviduals
Commmmty Center(s) or Meeting Halls* Dirycleaners % Single Parent, Head of Household
Shopping Centers® Gas Stations % Single Mothers, Head of Household
Libraries, Museums* Point Source Pollution Surface Water Discharge % Properties Built Prior to the NFIP
Business District® Enown Contamination Sites % of Housing that are Mobile Homes
Historic Homes* Other: Other:
Parks*
Landmarks*
Dams and Levees
Stormwater Discharge
Other:

FHote: Please provide the names and address of any facibifies that are marked with an asterisk. If your commumity is reliant upen any entical facilities that are located outside of your mumeipal
boundanies, please provide then names and addresses as well

UNOAA. (2009).
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Built Environment Vulnerability

Coastal communities should assess the vulnerabilit
multiple types of infrastructure and community assets
coastal storms and sea level rise, including lifelines
critical infrastructure, community facilities, economic
centers, historic and cultdrdacilities, and recreationa
destinations Critical infrastructure and lifelines are t
facilities or networks that are inherent to the functioning
a community. Eamples of lifelines include roads a
evacuation routes, emergency shelters, and hospitals.
failure or interrupted service of these lifelines c
endanger the health, saf
citizens, interrupt disaster response, andltes property
damage and the loss of lives. In addition to assessing
vulnerability of critical infrastructure, communities a
urged to assess how its community facilities will
impacted by coastal storms and changes in sea I¢
Community faciities include, but are not limited to Hurricane Floyd Recovery, 1999
municipal offices, schools, houses of worship, Location: Bridgewater

community centers. Other forms aifrastructure that Photo Credit: Andrea Biher, FEMA

affect thecharacter, economy, or quality of litd coastal Contaminated water purification
communities include historical and cultural fadiks, systems and well water can have an
business centers, anecreational facilities. i mmense i mpact on

ability to rebound quickly from a

Municipal officials should have a clear understanding [EEEUEESCE
the vulnerable infrastructurand assets that existithin
their community. It is not feasible to assess the structu
vulnerability of all fcilities,soa community should begi
a vulnerability assessment by identifying facilities a
networksthat are likely to be exposedthin areas of high
coastal vulnerability. After identifying infrastructuead
assets that may be exposed to coastalalds a local
government can then conduct furthémvestigations,
including engineering and code inspectidnsjetermine if
there are structural or operational vulnerabilities that
need mitigation.While many forms of infrastructure ma Nor 61 da, = 20
not be vuherable under present conditions, coastal sto Location: Seside Heights

coupled with an increase in sea level rise have the pote R NAREICEUEEIERGERSL

to inundate land areas that are not presently identi The eonomic centers of shore
within flood hazard areas. By identifying vulneraleelyligVliERr-TRNe)it=l BT (VE=1(=Te Ty
infrastructure, municipal official can then determinge SR AR CRIEIETANELE
mitigation options for existing facilities and ensure t/ISRUEIIRTIUECUIER GRG0
new infrastructurds built away from high hazard area{SREGGSCICEESEISIEERCURIEECREE
using higher construction standards fISE.
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Built Environment Considerations

There are multiple types of irastructureghat a community may wish to assess the vulnerability
of in regards to coastal storms and sea level rsecommunity may wsh to first assess the
vulnerability of its lifelines,but it should alscconsiderassessg the vulnerability of additional
communiy facilities that impact the ability to respond and recover from a disasteh as
schools, houses of worship, nursing homes, mental care facilities, and prisoaddition, a
community should consider assessing economic sebiass)ess distris ard cultural resources
Below are some examples tbfe built environmenthat may be considered when conducting a
vulnerability assessmentBy assessing and mitigating the vulnerabilities of these faciliges
community can improve their overall resiliendo coastal storms and climate change.
I nfrastructure data can be obtained from
HAZUS-MH (v.1.4, DVD 6), and local GIS and planning offices.

Lifelines and Critical Infrastructure Community Facilities
e Evacuation Routes e Municipal Offices/Town Hall
e Intershtes and Roads e Schools
e Bridges and Tunnels e Houses of Worship
e Emergency Shelters, Human and Pet e Community Centers
¢ Military Facilities e Libraries
e Police and Fire Stations e Business Districts
e Public Works e Shopping Centers
e Hospitals
¢ Mental Care Facilities Historic and Cultural Facilities
¢ Nursing Homes e Landmarks
e Homeless Shelters e Historic Homes and Sites
e Prisons e National Register Sites
e Airports e Historic Districts
e Dams and Levees e Museums
e Radio Towers
e Power Supply Recreational Facilities
e Waterand Sewer Treatment e Parks
Facilities e Public Access Sites
e Railroads and Rail Bridges e Boardwalks
e Ports e Piers
e Ferries e Marinas
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Natural Environment Vulnerability

Coastal hazards and sea level rise threaten the n3
resourcef the New Jersey coast, not only the habi
and species within the coastal zone, but the scenic
recreational resources that draw people to the shor|
well. Coastal storms have the ability to impair or dest
habitat, cause saltwater intrusion tan freshwater
ecosystems and resources, aabiow pollutants to
degrade water quality and affect public heal
Fortunately, many of these impacsbsidewith time,
habitas restore, and most specieventually recover
from the impact of coastal stormslowever, ovettime,
climate change will heighten the threat of coastal haz:
by increasing the intensity and frequency of coag NN R VETEE e PAe RN alo] g1 (=R (s
storms, erosion, and inundation, while decreasERIIlel NIty WE.Y S r-1 (B (XS (oL =0
recovery intervals between events. Rising seas [EREeEIeTIf=To REF-Talo BTy T(EE1(STaTTo MRS o =Tol (S
expected to continu® encroach upon beaches and ti(Ea Wl RRUTETTINERR 1 CHN CTo RN To] - |

wetlands, but at a much faster rate than has migratory bird species that relies upon
experienced during the twentieth century. Beaches [RIISESUCERECNC [ ERURETDCINISE
wetlands will be incapable af k e e pac® \gith sea bl ks AU EEIN

level rise, especially where coastatvdlopment and LSRRI IS DTSN o L R

. L e § as thelargest spawning ground in the
sh_orell_ne stab_lllzatlpn structures |nh|_b|t SUOIE o4 for horseshoe crabs, making it an
migration. While this poses some obvious threats N I VN o A= o B 1|16 4
habitat and native species, some less 0bvious im S NeY e e SR Ne I We R 1o WA 1= el e
may include saltwater intrusipioss of sedimenind EEETN={ge1 (o) s MRe oL 1= ¢z | M1 (018 11 S 1410 Bl =1V
increases in nepoint souce pollution. rise threaten the spawning grourfds

horseshoe craband a vahable food

Coastal hazards, sea level rise, and other climate ch@SIUE=R RN AJI(eES

impacts not only threaten coastal landscapes,
threaten the longerm resiliency of many coaste
communities by negatively impacting public heal
various economic sectors, cauality of life. To help
the coastal environment keep pace with coastal haz
and sea level riselecisionmakers will need to advocat
for and implement adaptation and mitigation measu
In some cases, open space and easements ma
acquired to Bow habitats to naturally migrate inlan
with rising seas. In other cases, mitigation may ,
necessary to reduce the threat of maade hazards o=y

the environment by remediating hazardous waste s AL NS :

. . . ’ ) Photo Credit: Lawrence Niles, PhD
replacing septic tanks with sewer services, and réfag http://www.state.nj.us/dep/fgw/ensp/pdf/shr
waste disposal sites. Identifying vulnerable natUBIGITOINe)j
resources is the initial step understandhe threat of
coastal hazards and sea level rise.

Horseshoe Crabs
Photo credit: Lawrence Niles, PhD
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Natural Environment Vulnerability Considerations

There are numerous environmental features andevafbilities that a community or special
interest group may want to consider when performing a vulnerability assessment. The features
listed belowencompass just a fetypes of geospatialeatures that could be assessed when
determining coastal hazard aseh level rise vulnerability. While a community may want to first
assess the vulnerability of natural resources that impact public health or those that influence
economic sectors, research scientists and wildlife biologists may be more inclined tdlessess
impacts of coastal hazards and sea level rise on particular habitatatyphepecies Such an
analysismay requirethe application ofa more in depth vulnerability assessmeéike Nature
Serveds Climate Ch#¥oar@eAMM.Y IAndecomibiriation df lyabitat mrdi e x
sea level rise mapping cdrelp identify thepotentialimpacts of climate change @tosystem
services. Understanding the capabilities of varioassesments will prove to be usefuhen
determining the type of vulnerability maipg to perform which will then provideinsight on
mitigation and adaptation opportunitiesThe following are examples of natural resources,
habitat, and mamade hazardous contaminants that could be considered during a vulnerability
assessment. Naturd resourceGIS data can be obtained from multiple sourcescluding
NJDERGIS (http://www.state.nj.us/dep/g)sand many federal agencies

Hazardous Contaminants e Blue Acres Land

e Superfund and Brownfield Sties e Conservation Easemts

e Hazardous Waste Sites _

e Manufacturing Sites Habitat

e Petrochemical Sites e Saltwater Wetlands/Marshes

e Landfills e Freshwater Wetlands

e Drycleaers e Brackish Rivers, Streams, and Creeks

e \Wastewater Treatment Plants e Freshwater Rivers, Streams and Creeks

e Sewage Treatment Facilities * Beach and Dune Systems

e Habitat of Species of Special Concern * Forgstlands .

e Environmentally Sensitive Areas

Water Resources  Wildlife Corridors

e Aquifer Recharge Areas e Migratory Bird Nesting Areas
Agriculture  Federdy Threatened and Endangered

e Aquaculture Sites Species

e Farmland of Statewide Importance * State Threatened and Endangered

e Timberlands Species

Conservation Lands Natural Capital

e National and Statea?ks e Ecosystem Services Values
e Coastal and Estuarine Land Conservati

¢ Wildlife Management Areas

¢ Fish and Wildlife Refuges

e Green Acres Land

3L Climate Change Vulnerability tex http://www.natureserve.org/prodServices/climatechange/ccvi.jsp
%2 SLAMM: http://warrenpinnacle.com/prof/SLAMM /
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Social Vulnerability
The socieeconomic composition of coastcommunities
varies throughout the State of New Jersey from den
populated, seasonal communities along the Atlantic c¢
to the ruralagriculturalcommunities of the Delaware Ba
Because Shore communities vary in size and develop
patterns, thesociceconomic factors that influence the
resilience and adaptability to coastal storms and sea |
rise vary as well Some communities may consist of
large number of retirees or disabled residents, while ot
may be comprised of a large numbef ionmigrant
households or poverty stricken families. Identifying whe
vulnerable populations live in relationship to high haz:
coastal areas can inform community leaders
emergency management officialbere totargetflood and
storm preparedness,ulplic outreach, andevacuation — '
recoveryand mitigationassistance. By providing publi Hurrl_ca.ne Floyd, 1999

. Location: Bound Brook, NJ
outreach and reducing the exposure of vulnerg Photo credit: Andrea Booher, FEMA
populations to natural hazards, communities can imp
their overall resilience to coastal storms and inundation,

There are multiple ways that a commundsgn identify
where vulnerable populations live in relationship to hi
hazard areas.For the purposes of a hazard vulnerabil
assessment, hé¢ NJOCM defines socially vulnerabl
populations as individuals who maye lunaware of the
threat of coastal storms, lack access to resources to pré
for, evacuate, or cope in the event of a disaster. Ce
data is themost readily available informatiao utilize in a
vulnerability assessment. Coastal counties and large
communities should consider developng a social
vulnerability index (SoVI§® to determine where vulnerabl
populations live in relationship to high hazard are
Because there are many seemnomic factors tha
contribute to social vulnerability, this netdology allows ,
the user to choose the so&@oonomic parameterso L 2a= =y
include in the analysis. The NJOCM piloted this LHU”tilcanl\? |—”|i6 ZQOEA
i i i ini ocation: New lIberia,
m_ethodology by |dent|fy|_ng, classifying anpl combini Photocredit: Joe Raedle, LIFE
nine Census datasets into one geospatial data, |
revealing the stratification ofocially vulnerable area g oTe oI BREYte B 1o [ s VAN Yo o (SR =
relativewithin a three county area along the Delaware B sectors of the papation may require
evacuation assistance,safe shelter,
medical care, and/or recovery
assistance in the event of a coastal

storm.

% Cutter, S. L.; Mitchell, J. T.; and M. S. Scott. (2000; 1997).
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While the pilot was successful on the regional scale, it revealed limitations of existing Census
data on tlregional and mnicipal scale.One such limitation ithe varying size of Census block

and block groupslurisdictions that are small in geographic size and those that are rural in nature
will likely have limited use for Census dathus,local facilities and zoning information may be

more useful in identifiyng the location of vulnerable populations. At this scateinicipal

leaders and emergency managers should consider using a local registry to capture the location of
special needs populations or utilize the existing New Jersey Register Ready Programtifio id

the individuals who may need preparedness, evacuation, or recovery assistanoee densely
developed area§ensus datés limited because does not account for the large and fluctuating
vacation population that visitthe shore each year. ofsidering that tropical storms and
hurricanes occur during peak tourist seas

these populationsare often left out of
vulnerability analyses Tourist may not be
aware of preparedness and evacuat
procedures or heed the warning in timén
the otherhand, if the shore experiences
nor easter dur i nogle arel
likely to be impacted. Additionally, Censu
data may not be appropriate to use for climi
change analyses unless population projectis
are utilized. But, sea level rise andtorm
surge mapping can direct local governmei
where to avoid future development of
affordable and low income housing, |
addition to schools, soup kitchens, ai
homeless shelters. By doing so, communit
can proactively reduce the susceptibility
vulnerable populations

BURLINGTON.

GLOUCHESTER }°  CAMDEN

ATLANTIC

Map 12: Social Vulnerability along the Delaware

Social Vulnerability Considerations Bay

While there are limitations to Census data, it remains one of the only sources of demographic
information to include in such an assessmendbular Census data fro&merican Factfinder

can be gined with Census block and block group shapefiles fiiagerline to geospatially
represent the distribution of socially vulnerable populatioAdditionally, the location of local
facilities and zoning can be obtained from a local planning and zoniagtoemt.

Census Data Considerations Local Facilities and Zoning
e Population Density e Mental Care Facilitis
e Housing Density ¢ Nursing Homes
e Poverty e Homeless Shelters
e Linguistically Isolated e Low-Income Neighborhoods
e Single Parent, Head of Household ¢ Retirement Communities
e Disabled ¢ High Density Zoning
e Undereducated
e Children (17 and Under)
e Elderly (65 and Up)
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Findings and Recommendations

Coastal communities may not be fully aware of all of the potential impacts of coastal hazards and
accelerated sea level risa their infrastructurenatural resourcesandvulnerable populations

Local vulnerability assessments can go beyond the capabilities of a county or regibaaball
mitigation plan by incorporating locally significant assets, landmarks, and chadafieng
features of a community. Understanding local vulnerabilities is a critical first step in a
community becoming more resistant to coastal hazards.

During the piloting of theCoastal Community Vulnerability Assessmamti MappingProtocol

and tle Getting to Resiliencguestionnaire, it was evident that local and county emergency
responders are typically the most informed about community vulnerabilities to coastal hazards.
Yet, typically, there is a disconnect between emergency management amohgirange

planning efforts that could minimize adverse impacts to people, development, and natural
resources The development of local hazard and vulnerability assessments serves as an
opportunity to bridge this disconnect and inform coastal decrsiakers from multiple
community sectors of threats to their communi
engage the community in understanding hazard vulnerabilities and building the public support to
pursue mitigation and adaptation measures.

Unfortunately, many communities lack the appropriate staff to assist in the development of
inundation and vulnerabilitynaps. In these cases,a communityshould consider hiring a
consultant or teaming up with a neighboring community to perform a shasedsanent.In

those communities that do have GIS and planning staff, inundation mapping and vulnerability
assessment trainings may be necessahyquire with the Mw Jersey Office of Coastal
Managemen andbr the Jacques Cousteau National Estuarine d&eke Reserveabout
professional training courses that address coastal hazard and climate chHangeder to
accommodate the mapping needs of coastal commsiMit@AA Coastal Services Centghe
Jacques Cousteau National Estuarine Research Reserve and Rutgers Center for Remote Sensing
and Spatial Analysis are developing a web resource to help communities visualize their
vulnerabilities tosea level riseand flooding Many of tre methods that are defined in this
document will be represented in this online taold support local mapping effartsUpon
completing a hazard and vulnerability assessnasut evaluating existing local policies and
decisionmaking coastal communities Wihave the necessary information to begin embarking
on hazard mitigation andimate adaptation opportunitiethus, building a resilient New Jersey
shore.
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Appendix A: Building a Coastal Vulnerability Index

Technical Guidance i Mapping Protocol

The New Jersey Office of Coastal Management identified the need to go beyond inundation
mapping to define the location of high hazard areas in coastal communities. For the purpose of
long-range planning and the development of municipal master plans, comstaunities should
consider developing land suitability models, which typically identify hazard areas. To delineate
high hazard areas, the New Jersey OfficEohstalManagement developed a composite overlay
model of six geospatiatulnerability indicators,including geomorphology, low slopedlood

prone areas, storm surge inundation scenarios, poorly drained soils, and erosion prone areas.
This type of model is a qualitative analysis that will assist in classifying a range of hazard prone
areasjncluding those susceptible to chronic or episodic hazards.

CVl=a+b+c+d+e+f

Where CVI =

(a) Geomorphology

(b) Slope (% Rise)

(c) Flood Prone Areas

(d) Storm Surge (SLOSH)
(e) Drainage

(f) Erosion

This analysis requires the use of ArcGIS Spatial Analyst, along with experience using raster data
layers and ModelBuilder. The Coastal Vulnerability Index (CVI) can besldped using a
Composite Rating Procedute,which involves the ranking of multiple datasets into one
representative dataset. The suggested model inputs include geomorpholelyyndosiopes,

flood prone areas, storm surge inundation, soil drainagesahelrosion.

Once each input raster dataset is created and the risk ranked, the sum will be calculated using the
Raster Calculator tool. Therefore, care must be taken to ensure that these input data sets are in
the correct format. The following pagedivprovide technical guidance on building these input

raster datasets for a region.

% Anderson, L. T. (1987)
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Getting Started

1. Obtain the mostrecent, highest resolution elevation dateElevation data sources are listed in
the Publically Available Data& Toolssection Take some time to examine the file in GIS as well as
the associated metadata. The most important aspects of your data to keep in mind for the remainder of
the analyses are:
e Resolution (cellige)
e Reference datums (horizontal and vertical)
e Units (horizontal and vertical)

It will be important to write these down because every new layer of the analysis should share these
same parameters.

2. Clip DEM to study area. DEM data files are very large.r8ielargerfiles increaseéhe processing
time, it is helpful to define your study area and then clip the DEM to this area. It will save time in the
future.

Spatial analyst tools > Extraction Tools > Extract by mask

3. Hydroflatten DEM . LiDAR data A

is wondeful for land elevation; |
however, the devices are not D das b
capable of penetrating water.

Therefore, data over water are
unreliable and often meaningless.
It is best to deal with this by
creating a AhYTr | oo

[

el L 1+ [ g

flle by Changlng a” Values that |D:'\Do(umentsand SettingsiwbickforiMy Documents|Coastal YulnerabilitylOcean County!\Berkeley!\Berkeley .adb ﬁ
L. Raster Dataset Name with Extension
occur over vater to zero within [ Hyrofiatten_DEM
. Spatial Reference For Raster (optional)
Ce”S Of your DEM TO accomp“Sh |NnD_l983_StatePIane_New_Jersey_FIPS_ZQl]D_Feet
i i Pixel Type {optional)

this, you will .need a GIS polygon Ex 5

of the water in your region. Icize(opmna:

. . 3.125

a. Obtain water shapefile. Nusnber of Bands
Examine it to make sure it %H;aicope,ato,(ownd, -
LAST >

represents aF:tuaI coastal | | i s atinss

boundaries (i.e. wetlands | |7 =

or other lowlying areas
are not cubff).

b. Add field within attribute table. Name it WL

c. Convert water feature to raster

Conversion Tools > To Raster > Feature to Raster

Make sureFIELD i s s Wb Thegesdit will be a raster file representing wateaarwith
a value of zero at all cells.
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d. Create mosaic raster combining DEM and water rasters.

Data Management Tools > Raster > Raster dataset > Mosaic to New Raster

Be sure that the output raster has the same cell size as the DEM

4. Use this hydroflattened DEM for all future analyses.

5. Create a MHHW raster. In this step you will give Datum a data set that you create for MHHW
and have it convert it to NAVDS88 (the vertical datum of your DEM). If the input dataset is
intentionally set to zero, YDatum will output the distance above or below NAVD88 that the real
MHHW reference laysTo do this, create a new raster over your study area with a constant value of
Zero. Set the cell size to at least 250 (this is probably enough to get capture the MHHW vanability
the region; the raster will later be scaled to the same cell size as the DEM).

Spatial analyst tools > Raster Creation > Create Constant Raster
Value =0
Output extent = same as study area

6. Convert Raster to points Since YDatum only uses point datag need to convert to points.
Conversion Tools > From Raster > Raster to Point

7. Assign coordinates to the pointsy-datum needs to be able to match the coordinates of your study
area with those of the basins loaded into its databases. It can be diffisalsure of the coordinate
system of your raster is recognized similarly byp®tum (this is especially true if your DEM uses
one of the State Plane coordinate systems). Luckily with just a couple extra steps, you can save some
confusion and be sure thé-Datum is calculating correctly.
a. Be sure that your projection is the same as is assigned to your DEM
b. Open Attribute Table and add 2 new fields
c. Populate each with X or Y coordinates

Calculate Geometry > Add X coordinates > Units: decimal degree

d. CloseAttribute Table
e. Add XY coordinates (using the same coordinate system as your map)

Data Management Tools > Features > Add XY Coordinates

8. Open Attribute Table. Now your dataset has coordinates assigned to each point that-Dattulvi
and ArcMap will undestand
9. Export Table as dbase file (dbf)yT he exported tabl e wil-Datumwed t o
recognize the data. This can be easily done in Excel.
10. Clean up using Excel
a. Open the dbase file in Excel-DMatum only reads numbers in a particularesrd he finished
table should be in the following format:

FID | LONG | LAT | OBJECT_ID
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Once the columns are arranged in this way, delete the extras and the top row (labels)

b. Save file as .csv and Close Excel.
11. Convert to NAVD88 using V-Datum

a. Open Datum.Make sure your study area is listed in the dropdown menu. If not, you may

need to download it.

*note*V-dat um basins are updated periodically; ther
data is current. When in doubt, download a new version.
b. Horizontal datum should match your study area (probably NAD83)
c. Vertical input is =101
M H HW Chaose an Area: Wew Jersey - coastal embayment, Version 01 :_]
d. Vertical OUtpUt iS Tidal Transf, Grid Folder:  C:\vDatumiNcstemb01_8301_03
NAVD88 Datum Information Point Conversion T P
npul
Horizontal Datum:
e. rl\]/lakﬁ Sur_e the h {NAD 83 (NSRS2007/CORS96/HARN), WGS84, ITRF  +| Lo Convert_ | —
elg tunits matc Input Yertical Daturn: Lonaiudel I Reset | I
yOUI’ DEM IMHHW-Mean Higher High Water ;l Height: '— l—
f. Coordinate System  ouwps verticalpstum: R
is Lat, Long jhavp sa 2 ||| Faete) Pormt
g. Under Afi e | 1 % ey ats g :tzzﬂm
conver sion@"make Moo ?
- " meter - (+ Height ;
sure fAlong,cwd at O 8 Soundng ot : -
| t d (th i th [Documents\CoastalVdnerabisty\OceanCountytnavdas_cl _prevdatum.csv[i;j
selecte is is the
Output File or Folder:
Ol‘der that COIUmnS o e ];ts\Coastd Yulnerability\Ocean County\navd88_navd88_c1_prevdatum.csy _I
are in your data @ Geographic (Latitude, Longtude) Mt datie i
f||e) (" UTM - Zone : North Hemisphere Convert
h. Find your .csv file as your input
i. Convert You now need to fAclean upo6 the outp

12. Clean up in Excel
a. Open a new blank document in Excel

b. Import from text and find new .csv file

c. Add top row and labels (as belaw)

ID | LONG | LAT | MHHWInNAVD88

d. Also open your pré&/Datum dbase file

e. Copy the entire columns name@INT_XandPOINT_Y
f. Paste them in the new .xIsx file. Your new data now reference the coordinate system of your

map.

g. Examine your data. The MHHWINNAVD8®Ilumn should have many cells w8999 as
the value. This represents points where there wasDatWm conversion. Make sure all
values do not appear €9999. If so, the coordinates were likely wrong.

h. Save as new .xlIsx file and close Excel

13. Import new table into ArcMap
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14.

15.

16.

17.

Plot data on map.In the table of contents, right click on new file and select Display XY Data

X field = X_POINT
Y field = Y_POINT

Z Field = <none> (assigned later)

The new plotted points wil |torewfijedoamake & gerniarigtt.e et 1 e v €

Examine your file. Zoom to layer. Your points should be displayed in the same place as-the pre
VDatum points. If, not the coordinates are probably wrong.
Convert points to raster

Conversion Tools > To Raster > Point to R aster
Value = MHHWInNAVD88
Cell Assignment = Maximum
Priority Field = NONE
Cell Size = [whatever was used before]

Extrapolate Upstream.V-Datum does not give values up into tidal creeks and small rivers. As these
are still areas of flood concern, we neegiay to extrapolate our values up into the creeks. There are
several steps involved in this transformation because the particular tool used uses only integer values
and the VDatum outputs have decimals. To allow for the use of this tool, but alsoyardiser

accuracy of our water heights, we need to incorporate several steps. It may be best to use

ModelBuilder for this stepThe modelbelowi s t aken from the NOAA Coast a

Coastal Inundation Mapping i

Model Edit  Insert  Wiew Windows Help

Guidebook (2012).Tools for each step we s opx =~ + m@xmas ke v

can be found in the Spatial Analyst

Tools.

a. Multiply the Raster by 1000. This
preserves the accuracy of the point
in integer form.

b. Convert this value to an integer.
ArcMap has to view this number as
an integer, which requires a small
conversion.

c. Convert ukknown values to

ANoDat a. 0 Re-Deumb

uses a value 6B9999 for all

unknown values. This tool will not
read that as such, so it should be
converted to fANO

Run the Euclidian Allocation tool. 4 e Ll

Spatial Analyst Tools > Distance > Euclidian Adégion

Convert Output back to Floating Point. This step is to get back to a decimal form

Divide by 1000. This puts the accuracy back to its original form.

P

@0 o
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h. Save this file. Many of the outputs from Spatial Analyst are temporary, so it is important to make
them permanent. Name this file EA_MHHW.
18. Subtract the DEM from this Raster. The raster just created represents the distance to MHHW from
NAVDS88. To get inundation at MHHW, the DEM needs to be subtracted. Use the following
conditional statement in Raster G@ahtor:

Con(MHHW>=DEM, MHHVIDEM)

Scale back to cell size of the DEMNhile in Raster Calculator, click on tEavironments  button
UnderSpatial Extent , selecttSame as DEM® ¢
19. Display this Raster as MHHW inundation. Save this raster.
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Slope

The terran of a coastal region can greatly impact its vulnerability to periodic flooding and sea
level rise. Utilizing available LIiDAR, land areas below 2 percent slope were identified as
vulnerable. As slope decreases, more land areas become prone to poehitey oallowing for
prolonged coastal flooding. Theoretically, the Brunn Rule indicates that every foot rise in water
will result in a 100 foot loss of sandy beach, whether it is an episodic storm event or permanent
inundation due to sea level rise. ther words, a 1 percent slope or less is likely to be inundated
with a 1 foot rise in water. While the Brunn Rule does not apply to all land types, it provides
insight that lowlying coastal areas are most vulnerable to inundation and changing coastal
conditions.

1. Get Slope Values fromDEM.

Spatial Analyst Tools > Surface > Slope
Add layer: DEM (hydroflattened)

*Note*: Slopeshoul d be ass es s «airecton opfiop shoutd benused if thesDEM 6 z
used different units for x & y than it does for z (e.g. meters for x & yelawations in ft)
2. Rank and reclassify as below

Spatial Analyst Tools > Reclass > Reclassify

*Note*: The upper limit of the ranking should be the upper limit of your slope raster.

o x
Tnput raster =]
[scpe =]
Reclass field
[voe I
Reclassification
I New values N -

025-05 4 e
05-075 3 —JI
075-1 2
1-2 1 Add Entry
2- 3035628265 0 ‘ —J
NoDat NoDat I
a & | Delete Entries
Load... I Save... I ReverseNewVabesI Precision... I
Output raster 7

I D:\Documents and Settings\wbickfor\My Documents\ArcGIS\Default.gdb\Reclass_slop4 E;l

[V Change missing values to NoD ata [optional)

Slope (%) Rank GIS Rank
>2.00 None
1.00-2.00 | Very Low
.757 1.00 Low
.50-.75 Moderate
.25-.50 High
<.25 Very High

G| |WIN|FL|O
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Flood Prone Areas

FEMAG6s Flood I nsurance Rate Maps (FI RM) are t
available to municipal officials. While FEMA is in the process afegating updated flood maps

for coastal New Jersey, communities can supplement their knowledge by using existing soils
data to identify flood prone lands. UtilizeFIRM Q3 Maps were used as the basis for the
analysis and rank the attributes accordingeteel of risk The V-Zone should be ranked as the

most risk prone, while the 100ear Floodplain and the 50fear Floodplain should be identified

as high to moderately risk prone. Where shorelines have shifted and lands have accreted since
the Q3 maps werdeveloped, utilize the ranking of the floodzone adjacent to it, typically a V
Zone or AZone For the land areas that are outside of designated floodzones, utilize soils data
(SSURGO, flodfregmax) to identify soils that have a high to occasional liaglibf flooding in

a given year.

NecessarnyData and Sources:

Data Source
Flood Hazard Areas | FEMA DFIRMS
Flood Prone Soils USDA: Soils Daa Mart;New JerseysSURGO with tabular files:
mapunit and muggattound at:
http://soildatamart.nrcs.usda.gov/templates.pspx

1. Import FEMA Flood Hazard Areas (DFIRM) . Clip map to study aee
2. Examine Feature.Open Attribute Table and examine fields FLD_ZONE & LEGEND
Notice
0.2 PCT ANNUAL CHANCE FLOOD HAZARD = 500 Year Flood Zone
A & AE =100 Year Flood Zone
V & VE =100 Year Flood Zone*
*VV & VE represent velocity zones, higher vulnerability
Import SSURGO layer
4. Add Tabular Soil Data. Tabular soils data is available for download at the link above. The
download contains an MS Access Database. Individual tables can be added to ArcCatalog by
exporting from Access to .xIs files.
a. FromArcCatalogpdd fAmapunitdo & fAimuggatt o
b. Ri ght c¢click on SSURGO | ayer and join mapuni
common.
c. Then join muggatt
5. Create Feature of Flood Prone Soils
a. Open joined attribute table
b. Examine field: flodfregmax
c. Select by attributes (flodfregqmaxfrequent, very frequent, and occasional)
d. Export Selected areas to new layer

6. Delete area outside already covered by FEMA maps
Analysis Tools > Overlay > Erase
7. Merge Frequently Flooded Soils to FEMA Zones
Data Management Tools > General > Merge

w
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8. Expand newfeature to cover entire study area. Because all indices will be added together
eventually, it is important to have cells present in areas where data does not exist.
a. Erase Flood areas from study area feature.
Analysis Tools > Overlay > Erase
b. Add field tononflood prone areas feature
c. Name the new Field Alndexo and value at

9. Create Flood Prone Index
a. Merge nonrflood with flood zones
b. Turn Edit On
c. Rankin Index Field (as below)

Flood Prone Areas Rank GIS Rank
Outside of Floodplain and nditood prone sos None 0
Occasionally Flooded Soils Outside of the Floodzone | Very Low 1
Frequently Flooded Soils Outside of the Floodzone | Low 2
500 Year Floodplain (X500) Moderate 3
100-Year Floodplain (A, AE High 4
Velocity Zones (V & VE) Very High 5

10. Convert to Raster
Conversion Tools > To Raster > Feature to Raster
Field = Index
Output cell size = [same as DEM]

42



Brick Township, NJ

Flood Zone index

N P
E Not Frequently Flooded
A= Very Frequently Flooded
E 500 - Year Flood Zone
0 5500 11,000 22,000 Feet

- 100-Year Flood Zone

- Velocity Zones

L 1 1 1 1 1 1 1

43



Drainage

Soil drainage influences the period of time coastal lands are inundated after a storm event. While
highly drained soils typically consist sfnds and porous sediments, poorly drained soils are
typically wetland soils or clays. Using soil data from USDA NCRS (SSUR@&Q®assdcyl

rank soils from well drained to very poorly drainedd@omewhat excessively draideshd
éexcessively drainédsals should not be considered in this analysis because they are not
vulnerable to extended inundation. While well drained soils can decrease vulnerability, be aware
that there may be an inverse relationship with erodible soils because well drainedesoils ar
typically associated with sand.

NecessanData and Sources:

Data Source
Soil Drainage Class | USDA: Soils Data MartNew JerseYsSURGO \vith tabular
files: mapunit and maggatt found at:
http://soildatamart.nrcs.usda.gov/templates.pspx

1. Import SSURGO layer
2. Add Tabular Soil Data
a. From ArcCatal og, aggat thaonapuni to & fmu
b. Right click on SSURGO layer and join mapunit. They sharéthee | d Amukey o i n cc
c. Thenjoimnmaggatt (sharing Amukeyo).
3. Create Drainage Index
a. Add I ndex Field to Attribute Table and sort
b. Turn Editor On and rank drainage classes as below
4. Convert to Raster

Conversion Tools > To R aster > Feature to Raster
Value: index
Soil Drainage Rank GIS Rank
Excessively Well Drained | None 0
Well Drained Very Low 1
Moderately Well Drained Low 2
Somewhat Poorly Drained | Moderate 3
Poorly Drained High 4
Very Poorly Drained Very High 5
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Erosion

There are multiple ways to assess erosion risk. Communities should use erosion data that are
available to them, which many require erosion rates of coastlines to be projected into the future
to fully assess erosion risk. Because erosion analysisidtabeen done for all shorelines and
shoreline types in New Jersey, communities can utilize existing datasets available to them,
including erodible soils data (SSURGO, kffact) and historical shoreline data. The soils data

should serve as the basis of t®sion model.
susceptibility of soil particles to detachment by water.

Rank the kffact scores, which represent the
Note that there are gaps in the data.

Where there is an obvious correlation between adjacent soils, utilize the adjacent classification.
Where there is noan obvious correlation, rank the area as 0. To supplement the soils data,
utilize historic shoreline data to identify beachfront areas that have a history of erosion or
accretion. Areas of historic erosion should be classified ashigiy Areas of historic accretion
should be classified as 5 because those land areas are susceptible to change.

NecessaryData and Sources:

Data

Source

Soil Erodability

USDA: Soils Data MartNew JerseysSURGO with tabular files:
mapunit,componentand chorizonfound at:
http://soildatamart.nrcs.usda.gov/templates.pspx

Historicd Erosion

Any existing data sethat display areas of historic erosion

1. Import SSURGO layer
2. Add Tabular Soil Data

a. From ArcCatalog, add dmap
b. Ri ght c¢lick on SSURGO | ay
c. Right click on component

d Join component:chorizon t

3. Add historic erosion/accretion data
a. If the data exists for your study area, add data ayer
b. Merge to SSURGO data as explained in Fi®odne Section
4. Create Erosion Index

a. Add

I ndex Field to Attrib

b. Turn Editor On and rank as below

5. Convert to Raster
Conversion Tools > To Raster > Feature to Raster

unit, o
er and
and joi

Acomponent, 0O
j ommon.mapunit
n chorizon.

o the SSURGO || ayer

ute Table and sort

Value: index
Erosian Prone Areas Rank GIS Rank
No Kffact Attribute None 0
.10 Kffact Very Low 1
.17 and .15 Kffact Low 2
.28 and .20 Kffact Moderate 3
.37 and .32 Kiffact, Historic Accretion | High 4
.43 Kffact, Historic Erosion Very High 5
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Geomorphology

The New Jesey shore is comprised of multiple geomorphic settings because of varying wave,
current, and wind energy that exists along the coast. There are seven distinctive shoreline types
along the Jersey shore, including spits, high and mexealgy barrier islasthsystems, headlands,

bays and open bay systems, tidally influenced, freshwater rivers and estuaries. These shoreline
types are indicative of the natural hazards and geologic processes that have shaped them over
time. Geomorphology should be includedangescale assessments, but may not be necessary in
coastal communities because they typically represent one geomorphic region. The NJCMO
delineated multiple geomorphic classifications along the New Jersey shore by identifying the
watersheds that are titla influenced and labeling therwith the geomorphic description

identified in the New Jersey Shore Protectibtaster Plan.

Based on anecdotal information,

each geomorphic region was ranked for its vulnerability to coastal hazards and sea level rise.

NecessarnData and Sources:

Data Source

Geomorphic Region | Protection Master Plan

NJDERGIS: Tide Gauges and Watershed; NJCI8Rore

1. Import Geomorphology Layer. Ther e i s

no

fistandardo

geomor phol o

your study area may noate all geomorphic regions below represenifegbu do not have a
geomorphic region layer, you can classify a watersheds layer by geomorphic region using editor as

below.
2. Create Geomorphology Index

a. Add Index Field to Attribute Table and sort by region

b. Turn Editor On and rank as below.
3. Convert to Raster

Conversion Tools > To Raster > Feature to Raster

Value: index
Geomorphic Region Rank GIS Data
Non-Tidally Influenced Watersheds | None 0
Headland Systems Very Low 1
Freshwater Tidal Systems Low 2
Back Bays and Open Bay Systems | Moderate 3
Mixed-Energy Barrier Systems High 4
Spits & HighEnergy Barrier Systemg Very High 5

48



Brick Township, NJ

4
4
]
J N
> A
/, Geomorphology
P i f |: Freshwater Tidal
2 :] Back-Bay

0 5500 11,000
1

L I 1 | 1 1

- Low-Energy Barrier Islands

49




Storm Surge

Storm surge inundation patterns are not usually well represented in flood plain maps. To
understand the potential rfanundation, communities should apply the National Hurricane

Center 6s

SLOSH Model

coupl ed with

a

MHHW sce

of any storm event. MHHW represents the daily extent of tidal inundation and is obviously the

most vulneable area. The inundation of a category one storm would be classified as the high,
followed by the inundation extent of a category two hurricane, etc. These storm scenarios are
ranked this way because a category one storm is most likely to occur. oAdlitj if a category

four storm impacted the Shore, the inundation will be worst inlyavg areas.

To create the Storm surge index, we must create inundation maps for each category storm and
then combine them. Below are instructions for doing thisguhe SLOSH viewer and ArcGIS.

NecessaryData and Sources:

Data

Source

Historic Storm Tracks

NOAA National Hurricane Centel

Mo del

ed Stor ms

SLOSH Mode] VDatum

Elevation DatgLiDAR)

USGS Click

21. Export SLOSH Outputs. As mentioned in secth (X), The MOM projections should be used in this
analysis. SLOSH display basin are currently being updated to display surge with respect to NAVD88,
however, some are still in NGVD29, so check the datum of reference listed on the legend when the

storm isloaded.

a. Open SLOSH Display
b. Choose your basin of interest

%0 SLOSH [

Basin: Delaware Bay v3 <de3>

Change-Basir lect-Storm  Animate  Tides Download

=10/ x

4 Help
| Storm: <c4_highde3>

(137258) |Lat: 410886N  Lom: 735239W

R@Q@EiFA
o O AW Y
R 32 sy

ool

Filter *DE3 *.de3

2

4 Select Storm

Delaware Bay v3 <de3> (" Historical
Dir: | kitmount/data/de3mon ~ MEOW
<.>

* MOM

=

c1_highde3
lcl_meande3
c2_highde3
c2_meande3
c3_highde3
lc3_meandel

Fd_mzan.deﬂ

Height: Outside Grid

: -
— ;474 Apply Close ‘
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c. Sel ect Stor m. Choose MOM; use nNAHIO for each
d. Save data

File > save data to .shp

e. Repeat for each category storm
22. Import SLOSH Outputs. Examine this file. Make sure tipeojection of the SLOSH data matches
the DEM. The surge values represent inundation relative to NAVDS88. If they are-Daiiuvh can
transpose them not NAVDS88 (This will be addressed in step 4 below). Some steps need to be taken to
display as inundationver land for your region.
23. Delete areas without surge values Open attri bute tabl e. Notice thi
surge height rows. This represents areas where surge would not reach. This should be deleted.
a. Select (by attributes) and deleterfr feature.
24. Plot the centroids of surge dataThe SLOSH outputs features give surge values across a wide swath
of surge zone. As a result, the resolution can be quite coarse in some areas. Therefore, we need to
interpolate this data on a smaller scalesfaot this process, we must plot the centroids of the surge
data.
a. Add fields for x and y in attribute table
b. Popul ate them accordingly using ACalcul ate G
c. Check the vertical units of your DEM. The SLOSH outputs are in feet. If your DEM uses
metricunits, you will need to add a new field to convert the output to meters.
d. Export Table as dbase file (.dbf). Add table to current map.
e. Right click on SLOSH table | ayer and go to i
The Z field should be your surgeigght (with correct units).

ff. Export new AEventso | ayer as new feature to
25. Interpolate SLOSH centroids. There are numerous interpolation methods available on ArcGIS, but
we o6l | use Spline Tool. Chose tafield 8eshrethagyoars ( wi t F

output cell size is the same as your DEM
Spatial Analyst Tools > Interpolation > Spline

26. Subtract your DEM from the interpolated surge raster.Because the surge heights are referenced
to NAVD88, they do not represent inundatiover land until the actual heights of the land surface
(with respect to NAVD88) are subtracted. To accomplish this, we create a conditional statement in
Raster Calculator.

Spatial Analyst Toots > Map Algebra > Raster Calculator
Equation: Con(SURGEHGT>=D EM, SURGEHGTDEM)

This states, Al n all conditions in which the sur
i nundation occurs); subtract the DEM from the st
27. Repeat steps 2 6 for all categories of storm.
28. Add MHHW raster created in Section 1
29. Create Storm Surge Index
a. Reclassify rasters. Change ANoDatao to AO0. O
b. UsetheCombine Toolto add all Storm Surge rasters and the MHHW raster.
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* surge_index
Model Edt Insert View Windows Heb
IS @B Xx 0 S HANTAN RS VP

ra
N

Reclassify (4)

Ed
N

Reclassify (5)

el

c. Examine output raster. Add Ind€ield to attribute table. Add all raster columns in combined

raster
UL U
- R EEx
Rowid | VALUE | 3
- - E T 5 oL ol 5 - [Fietd Caleutator R |
[ 1 2| 3416851 -8 1 A1 il 1 4 parser
2 3 1@7_7 1 1 1 1 1 s ol Script (‘nm
3 4| 79150 0 0 1] 1 1 3 [ o
4 S| 462334 a 0 0 1 1 2] Faelds: Type:
5| 6| 285202 0 0 0 0 1 1} T Rowid
VALUE @i
COUNT  Sting
RECLASS_MHHW
RECLASS_C1  Date
RECLASS_C2
RECLASS_C3
RECLASS_C4
I~ Show Codeblock. -
” ; 1)+ -] =
5 ol sl =]
[RECLASS_MHHW) + [RECLASS_C1] + [RECLASS_C2) + [RECLASS_C3] + =]
{RECLASS_C4)
X
o ] oot |
ot o om ,- (0 04t of 6 Selected)

d. Assign ranking based andex values.
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Hurricane Storm Surge Rank GIS Rank

Areas Outside of Surge | None 0
Category 4 Very Low 1
Category 3 Low 2
Category 2 Moderate 3
Category 1 High 4
Mean Higher High Water | Very High 5

Brick Township, NJ

& Not Inundated
Inundated Under Category 4

S / \:| Inundated Under Category 3
[j Inundated Under Category 2
- Inundated Under Category 1
- Inundated Under current MHHWY

S
DI 4,200 8,4[00 16,800 Feet@kﬁgj
I I 1 | 2
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Putting It All Together T Coastal Vulnerability Index

Reclassify (5)

i

Reclassify (2)

C =a+b+c+d+e+ f

r
°

Reclassify (6)

Reclassify

'

Where
a = Geomorphology
b = Slope

¢ = Flood Prone Areas

d = Storm Surge Inundation (SLOS}
e = Soil Drainage

f = Soil Erosion

To classify each input, add a column to each feature or Hayer and add the corresponding
rankings associated with the degree of vulnerability, as seen in the table on the following page
and in the model input descriptions seen later in this appendix. Once all original inputs are
ranked, ensure that it is im & converted to a raster data layer, based off of the column of the
vulnerability ranking. The cell size of each raster should correspond to the resolution of the
LiDAR DEM being used in the analysis. Ensure that the rankings in the attribute tabkhof ea
raster data layer still corresponds with the correct vulnerability rankings. If they do not,
reclassify each input into the correct vulnerability ranking scheme. Next, combine each of the
raster layers into one raster data set, using the CombineoT¥ééighted Sum Tool. Once the
inputs are combined into one output model, the separate rankings from each input should be
visible. Add a column. Within that column, sum the rankings from each input.

No
1 4 3 4 2 Data 5 6 3
4 6 2 + 3 5 2 = 7 11 4
No
Data 3 5 1 4 5 1 7 10

Note that spatial data does not always align with one another; therefore, unranked data and NO
DATA values should equal 0. This will avoid deleting land areas where the datasets do not
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perfectly align, especially along shbnes. After totaling the rankings, any areas that have a
value of 0 can be deleted from the analysis. This will include coastal waters and may include

upland areas that are not vulnerable to hazards.
1. Create Coastal Vulnerability Index

a. Reclassify rasters

Change

fiNoDat ao

b. Use the Combine Tool to add all rasters.

raster

7

0
]

Reclassify

Reclassify (4)

!

Reclassify (3)

[
\
@

Reclassity (5)

Reclassify (2)

|

Reclassity (6) |

f’

“
4

c. Examine output raster. Add Index Field to attribute table.

d. Assign ranking based on index values
Table 1: Coastal Vulnerability Index: Ranking by Variable

7

t-%) shéul remainXelsame.t h e r

Add all raster columns in combined

Variable Very Low Low Moderate High Very High
(a) | Geomorphology Headland Freshwater Back Bay and | Mixed-Energy | Spitsand High
Systems Tidal Systems Open Bay Barrier Systemg Energy Barrier
Systems Systems
(b) | Slope(%) 1.007 2.00 751 1.00 .50-.75 .25-.50 <.25
(c) | Flood Prone Moderately Highly Flood 500-Year 100-Year Velocity Zone
Flood Prone Prone Soils Floodplain Floodplain
Soils Outside of  Outside of
the Floodplain Floodplain
(d) | Storm Surge Category 4 Category3 Category? Categoryl Mean High
(SLOSH) Hurricane Hurricane Hurricane Hurricane Higher Water
(e) | Drainage Well Drained Moderately Somewhat | PoorlyDrained | Very Poorly
Well Drained | Poorly Drained Drained
() | Erosion .10 Kffact A7 & .15 .28 & .20 Historical Historical
Kffact Kffact Accretion and Erosion and
.37 & .32 .43 Kffact
Kffact
Ranking 2 3 4 5 6
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Sea-Level Rise

Because there are numerous sea level rise projections, the NJOCM suggestaitinatities

utilize a 0.5, 1.0, and/or 1.5 meter scenario when modeling sea level rise. There are multiple

ways that a community can visualize the potential inundation threats associated with sea level

rise. A Bath Tub Model is a simple model that uéi§za digital elevation model to determine

land areashatlie belowa particular elevation contaufFo create such a model, one can either

convert a LIDAR DEM from NAVI38 to a MHHW tidal datunprior to performing the

i nundation anal x®9¥i MHHW cree ot ¢ ast@®germeardi conver
V-Datum. If you have already run the CVI, you can use the MHHW raster you created in the

Getting Startedection.Sea level rise models can also be applied on top of spring tide scenarios

to reflect the inundation extent of fuéuspring tides.

1. Add Sealevel rise projections Since we have a raster for MHHW, we can add levels diesed
rise to this file using the Math tools. Be sure that the SLR value is added to the EA_MHHW file. Also
be sure that the additions are in therect units (i.e. 1ft or 1m, depending on the vertical units of
your DEM)

Spatial Analyst > Math > Plus

Input raster or constant value 1: EA_ MHHW (not the inundation file)
Input raster or constant value 2: [value of SLR]

n

Subtract the DEM from this Raster. Follow the equation shown in step 14 above.
3. Repeat for additional SLR valuesWe recommend either 0.5 m intervals or 1 ft intervals.
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Interaction between Sea-Level Rise and Storm Surge

So far, this cookbook has explained how to express inundation @eslievel Rise and due to

Storm Surge separately. It can be useful to visualize impacted areas from each of these hazards

on their own. However, these hazards are inherently linked. For example, if a region experiences

3 ft of SLR, a Category 1 hurricaméll inundate much more area than it would have at current
MHHW. Therefore, a simple Aoverlayo of the tw
between the two.

To account for sea level rise, storm surges can be geographically reflected with,005,1.5

meters of additional rise and ranked with the same classification scheme as existing surge
models. Since the SLOSH outputs are referenced to NAVD88, simply adding the projected rise
in SLR to the output before subtracting the DEM will providewgh idea of how SLR will

affect storm surge in the future. This step should occur after the surge points are interpolated.

1. Interpolate SLOSH centroids.(Step 5 above). Be sure that your output cell size is the same as your
DEM
Spatial Analyst Tools > | nterpolation > Spline

2. Add Sealevel rise projections Since we have a raster for MHHW, we can add levels oleset
rise to this file using the Math tools. Be sure that the SLR value is added to the EA_MHHW file. Also
be sure that the additions are e tcorrect units (i.e. 1ft or 1m, depending on the vertical units of

your DEM

Spatial Analyst > Math > Plus
Input raster or constant value 1: [interpolated surge raster]
Input raster or constant value 2: [value of SLR]

3. Subtract the DEM from this Raster. Use the following formula in Raster Calculator
Con( SURGEwWSLR=DEM, SURGEWSLRDEM)

Be sure to Scale back to the cell size of the DEM if the surge layer was coarser than the DEM
4. Repeat for additional Surge valuesThere are up to 20 combinations of SLR &tdrm Surge that
can be mapped. It will be up to the mapper to decide which projections to include.
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Appendix B: Delaware Bay Focus Area

The Delaware Bay is designated as a regior R \ [ suronaron
particular importance by the New Jerst
Office of Coastal Manageme because it
remains relatively undeveloped compared
the Atlantic coast. The Bay serves as t.
terminating pointof the vast Delaware Rive
Basin drainage and is part of the nationa
designated Delaware Bay Estuary whi
encompasses nearly 650 sauamiles of
wetlands. Its rural landscape is compris
mainly of tidal wetlands, farmland and
handful of narrow, developed beache
Historically, the Bay was once home |
multiple ports and fishing villages, but larg
scale operations altered this sagma The
maritime industry is now located further U= e
the Delaware River near Camden ann o
Philadelphia. While the Delaware BaMap 13: Delaware Bay Coastal Counties LiDAR

remains relatively undeveloped, it has been altered by human use. Despite the fact that the Bay

as a whole has lost fifty perceot its tidal wetlands, it still supports the majority of the New
Jerseyobds tidal wet | an dsTheaBaydserves as theé larbest ispawning s b |
ground for horseshoe crabs in the world, and is the second largest avian staging area for
migratory shorebirds in the Western Hemisphere. In addiaem, Cumberland, and Cape

May counties alone provide an estima&t25- $3.17 billion annually in ecosystem services,

mainly due to filtration and habitat that the immense acreage of tidanastlprovide within

this region>> Unfortunately, high rates of erosion have resulted in a loss of tidal marshes and
beachfront, threatening habitat, ecosystem services and historic resources alike. As sea level rise
accelerates, it is anticipated thabgon rates, saltwater intrusion and inundation from storms

will increase as well, exacerbating the loss of critical habitat and natural storm buffers.

Recognizing the Del aware Bayshorebés abundant
threatend by the impacts of coastal hazards, the New Jersey Office of Coastal Management
identified it as apilot study location to develop and test teastal Community Vulnerability
Assessmerdand MappingProtocol In 2007 and 2008&igh resolution elevationada (LIDAR)

was collected fothis area® Data was collected within + 3 hours of Mean Low Water, capturing

the intertidal zone, which will allow for more precidelineaton of vulnerable areaalong the

Bay. High quality elevation is the single most onjant dataset in a vulnerability assessment. It
allowed the NJOCM to assess the vulnerability of the Delaware Bay to the impacts of coastal
hazards and sea level rise, as seen throughout this document.

% NJDEP. (2007).
% See pagefor more information on LIDAR.
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Appendix C: Pilot Assessments

The New Jersey shores geographically diverse, varying in geologic and demographic
composition. New Jerseyo6s northe-NewJardeywr es ¢
Metropolitan area, one of the most highly urbanized and industrialized regions in the nation,
while the sheoes of the Delaware Bay are sparsely populated and largely consist of tidal wetlands

and agricultural lands. Because the character of coastal communities varies throughout the state,
the NJOCM recognized the need to pilot @eastal Community Vulneraltiji Assessmertnd

Mapping Protocol and theGetting to Resilienceuestionnaire in coastal communities with

varying geographic and demographic characteristics.

The Coastal Community Vulnerability

Assessment and Mapping Protocahd

resilience assessmetuols were piloted

in Cape May Point, Little Silver, and

Oceanport’ The NJOCM was also able

to pilot its assessment tools in Greenwich

Township, which is located in

Cumberland County along the Delaware

Bay>® The pilot communities

represented small to mem sized

communities located along babhys,

beachfronts, and tidal creeks, but did not

include Atlantic beachfront communities

or large, intensely developed

municipalities. Prior to these research

efforts, none of the participating

communities had Iladly generated

vulnerability =~ assessments. The

communities had relied upon consultants

to generate their existing municipal

master plans and were dependent upon

their county governments to incorporate

them into countywide or regional all

hazard mitigationplans. In piloting the Map 14: Pilot Communities

vulnerability mapping and resilience questionnaihe, NJOCM and coastal partners convened
meetings with a diverse group of local decisinakers While participation varied by
municipality, the participating community leadersere ager t o | earn about
existing and future coastal hazard vulnerabilities and resilience capacity. Through the
commitment of these community leaders, the NJOCM was able to validate and improve upon its
assessment tools for théiture gplication along the New Jersey shore.

3" New Jersey Sea Grant Consortium. (2010).
% NJDEP. NJOCM. (2011a).
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