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l. EXECUTIVE SUMMARY

A. Background

Accelerated sea level rise (SLR) is challenging most all coastal communities. This study set
out to explore what policies coastal communities are responding with, in order to build a
comprehensive catalogue of the various options available to communities impacted by SLR. In
addition, comparative analysis of the different policies’ implementation in different community
settings might reveal which policies are best suited to which types of communities. Many
community managers exploring mitigation alternatives for responding to SLR would benefit
from such a ranking of possible policy approaches in order to have a justifiable, specific first step
that is most likely to generate maximal return on investment.

After exploring what policies communities broadly are already engaging in, we focused in on
a study area of twenty-three coastal municipalities in North Carolina, all seriously threatened by
SLR. First, we catalogued their flood regulations, to identify different legal responses to SLR
communities might be utilizing. Then, we focused on their participation in the Community
Rating System (CRS). The CRS is a program within the National Flood Insurance Program
(NFIP) that evaluates communities’ performance across a number of flood risk-mitigating
activities, and adjusts the communities’ insurance premium rates accordingly. We mapped the
communities’ scores in the various CRS activities in their most recent CRS evaluation (~2019).
This helps clarify what mitigation activities communities are currently engaged in, and may help

shed light on which policies are most applicable in what type of community setting.

B. Findings

1) There does not appear to be a comprehensive list of potential, or actively being
conducted, policy responses to SLR, apart from the CRS dataset, which effectively serves
as one. Certainly, there is no comprehensive comparative analysis of these different
response options.

2) There is limited variation in flood regulations across the twenty-three studied
communities. Most communities appear to be replicating their county and state
regulations. In mitigating SLR, legal codes do not appear to be a major distinguishing
factor across communities. To compare different policy responses, one should instead

examine voluntary actions.



3)

4)

The CRS dataset offers excellent potential to empirically compare different mitigation
activities across communities, and merits further study.

Practically all communities have room to directly save substantial money on their flood
insurance premiums by improving their CRS scores. The CRS is scored 1-10, with lower
scores receiving bigger discounts. Nationwide, very few communities score in the 1-4

range, and in the studied communities, scores range 6-10.*

C. Recommendations

1)

2)

3)

Communities should use the CRS program as a guide for what steps they might take in
mitigating SLR-related flood hazards. They are specific, have been approved as
worthwhile actions by a team of experts (at FEMA), have been implemented successfully
by other communities, and could save millions of people a lot of money.

Community planners, policy officials, or academics should study CRS dataset to discern
patterns that could inform which types of activities provide greatest return on investment
for which types of communities. The analysis could produce a set of “community
profiles”, classified by their progress/status of flood risk preparedness, and a set of
“mitigation pathways” (groupings of flood response actions, structured by order of
implementation and priority).

State governments should consider creating an annual fund for low-resource communities

to address CRS-based actions.

Introduction

Accelerated sea level rise (SLR) is a daunting consequence of accelerated global warming.

Like many problems associated with accelerated global warming, SLR does not lend itself to

obvious solutions, and mostly ignoring the issue has been the primary response in too many

communities. This analysis intends to help identify viable policy responses coastal communities

might consider, and help guide them to choosing the most ones most appropriate for their

particular community.

To implement a solution, one must first identify what choices are available. In order to

catalogue these choices, we began by reviewing literature on the topic of policy responses to

! Community Rating System (“CRS”) Appendix F (2020). (North Carolina pages F-37 - F-39.)
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SLR internationally and especially in America. Next, we selected a study area of twenty-three
municipalities in North Carolina and probed certain aspects of their community response to SLR,
including their flood hazard ordinances. Neither reviewing literature nor cataloguing flood
regulations produced a satisfactorily comprehensive list of policy options. We next turned to the
CRS, which comes much closer.

The Community Rating System (CRS) is a voluntary program for communities covered by
the National Flood Insurance Program (NFIP). The CRS offers household NFIP members
discounts on their flood insurance policy premiums of up to 45% based on their community’s
CRS classification for developing and executing extra measures beyond minimum floodplain
management requirements for enrolling in the NFIP. Greater discounts are awarded for stronger
mitigation efforts.? The CRS program is thus a substantial economic resource for communities
facing SLR challenges. However, and somewhat surprisingly, not all coastal communities have

taken full advantage of the CRS program.

1. Literature Review

The original purpose of conducting a literature review was to ascertain whether a
comprehensive catalogue of possible policy responses to SLR already exist. Seemingly, it does
not. Many authors obviously discuss community responses to SLR, but none in a thoroughly
comprehensive, comparative manner. The study that most closely resembles such an approach,
by Sechley (2016), examines the effectiveness of the most widely used flood mitigation
strategies in coastal North Carolina, (covering several of the communities examined in my study
area).® Sechley groups these into four main families: (1) comprehensive mitigation planning; (2)
flooding avoidance (removing threatened structures from flood-prone areas); (3) Strengthening
buildings and infrastructure (in-place elevation, flood-proofing); and (4) maintaining natural
environmental features (living shorelines).* She next explores a few strategies more deeply using

caste studies, for instance chronicling recent land use planning developments in Duck, NC, and

2 CRS Appendix F, pg. 1
% Sechley (2016), pg. 4
4 1bid pg. 3



living shoreline projects undertaken in Dare County, NC.° Sechley discusses several common
mitigation strategies, but does not cover anything like a comprehensive list.

Having not discovered a comprehensive catalogue of flood mitigation strategies in general
literature review, we next examined the flood regulations of each jurisdiction in the study area.
These include Dare, Carteret and New Hanover Counties, and the twenty cities and towns within
them (Figure 1). We hypothesized one means by which communities might seek to mitigate
flood hazards from SLR would be by tightening flood regulations. However, this does not appear
to be the case. The flood sections of the twenty-three studied Codes of Ordinances exhibited
remarkable similarity, more often than not even using the same language (borrowed from the
county or state codes).

Figure 1: Study Area
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Therefore, we next turn to the Community Rating System (CRS). Both for simply identifying
the available policy choices and also for potentially evaluating under what circumstances are
which actions most appropriate, the CRS manual is the richest resource we encountered. The

% 1bid 17-19



CRS scores communities on nineteen activities relevant to flood mitigation, which are grouped
into four areas of Public Information, Mapping and Regulation, Flood Damage Reduction, and
Warning and Response. All these activities involve several sub-components, which themselves
have specific sub-components, with the end result that the manual explicates hundreds of precise
actions communities can take.

For instance, one of the five activities under Mapping and Regulations, Activity 420 Open
Space Preservation, gives credit for having areas within the floodplain be permanently protected,
has eight Elements: (i) the land parcel must be vacant; (ii) the parcel must be protected against
future development, by its public use designation (open space) or by deed; (iii) parcels preserved
in or restored to their natural state receive additional credit; (iv) Special Flood Hazard Areas
(SFHAS) open space parcels receive additional credit; (v) areas most at risk to coastal erosion
that are protected receive additional credit; (vi) communities that require or incentivize new
developments to keep flood-prone areas open receive additional credits; (vii) districts that set a
minimum lot size of five or more acres (resulting in less development of the floodplain) receive
additional credits; (viii) finally, credits are awarded for having programs that protect natural
channels and shorelines (CRS Manual 246).6 Under the sixth component, Open Space Incentives,
the manual lists qualifying incentives: density transfer; transfers of development rights; Bonuses
for avoiding the floodplain or other sensitive areas; Planned unit developments (PUDs); Cluster
development; Greenway and setback rules and Open space ratio credits for open space in the
floodplain. Further details on what actions qualify, and how many points are awarded for each,
and given for each of these sub-criteria.” Thus, the manual identifies a fairly comprehensive,
detailed list of available flood mitigation policy responses.

After first cataloging the different flood hazard mitigation policies available, to most benefit
communities, we would then seek to compare their relative effectiveness. Sechley’s study, too,
set out to identify possible strategies and then compare their effectiveness. In summary, Sechley
notes, “Flood preparedness strategies are often tailored to specific communities dealing with
unique threats, which causes difficulty in directly comparing the effectiveness of these
methods. "8 To the extent this observation is true, it might help explain the dearth of comparative

6 CRS Manual 420-2-3
" Ibid 420-21-27
8 Sechley (2016) 41



studies on flood hazard mitigation strategies. However, the threat of SLR facing most coastal
communities is probably not unique. There are enough coastal communities in the country, and
the world, that even after taking differences in geophysical attributes, community resources, and
also willingness to deploy them in response to SLR into account, the vast majority of
communities likely share key characteristics with numerous others. That is, the potential for
more concerted comparative analysis is likely more unrealized than impractical. Lack of
requisite data—a database of all (or many) policies, all (or many) instances of their
implementation, and the results—may well be a key obstacle in conducting such analyses. To fill

this void, the CRS dataset is an excellent starting point.

IV.  Methodology
This research was based on publicly available information that could be found via online

platforms. For instance, to map the twenty-three communities’ flood regulations, we reviewed
their Codes of Ordinances on their town or county website. For the Community Rating System,
data were retrieved from the North Carolina FEMA office (FEMA administers the NFIP).

Based on the information available, | developed a set of questions pertaining to flood
regulations investigated, and then coded the answers to these questions for subsequent analysis.
The CRS categories are numeric and allowed for fairly straightforward coding. Results are given
in two forms: raw and proportion of possible. The flood regulation categories are more
qualitatively complex, and thus arguably more subjective to code, but have been reduced to
binary or nominal inputs, to likewise facilitate subsequent analysis. Below | explain each

category, the purpose for studying it, and how it is coded.

A. Flood Regulations

The review of flood regulations began as an investigation of variation across community
legal codes. However, we soon determined that, while all communities had flood codes regarding
elevation requirements and restrictions on floodplain development, none had passed a
distinguishing that could usefully be catalogued as an actionable flood mitigation tactic. After
pivoting to the Community Rating System as a foundation for building a catalogue of such
tactics, and one which could enable comparison between the different approaches, we instead use

the flood regulations as a dataset upon which to further characterize communities. These



distinguishing marks may help illuminate patterns in which policies are associated with which
communities, and help inform which policies may be best suited for a particular set of
community characteristics.

1. What is the Requlatory Flood Protection Elevation?

This is the minimum legal elevation for structures in Special Flood Hazard Areas (SFHAS),
those areas most at risk of future flooding. The foundational reference point for setting this
minimum elevation is the “Base Flood Elevation” (BFE). The base flood is a statistical concept
used to ensure that all properties subject to the National Flood Insurance Program are protected
to the same degree against flooding. The base flood is that (hypothetical) flood that has a 1%
chance of being equaled or exceeded in any given year (also known as the “100-year” or “1%
chance” flood). Base flood elevation is the elevation of the crest of this base flood. That is, BFE
is the elevation that a flood with a 1% annual chance of occurring would reach. This figure is
based off past flood data in the area.’

All twenty-three communities studied use BFE in setting their Regulatory Flood Protection
Elevation. In four communities, BFE is the minimum elevation in SFHAs. For the rest, it is BFE
plus a further increment of one or two feet. Communities with higher regulatory flood protection
elevations may tend to exhibit further progression in flood mitigation generally. Because BFE
varies by place, both across and within municipalities, we code this category as BFE + # (0-2); #
(0-4.5)1% or na (not applicable if historical data is available to establish a BFE throughout all the
community’s SFHAs). This information was retrieved from each community’s individual Code
of Ordinances.

2. National Flood Insurance Program Member

The National Flood Insurance Program (NFIP) is a federal flood insurance program. Private
flood insurance is generally much less favorable than federal insurance, so any community
threatened by flooding would desire membership. (Not unsurprisingly, all twenty-three
communities studied are members.) As such, this category establishes a basic threshold: any
communities contending with SLR not enrolled in the NFIP likely should enroll as a basic first

step. Because members must meet several basic flood mitigation criteria, satisfying those would

9 Dare County Code of Ordinances § 151.04 Definitions

10 Some areas within SFHAs have insufficient historical flood data to calculate their BFE; in this event, the
“nearest adjacent grade” (ground) replaces BFE as the reference point for setting minimum elevation, which is some
increment above this grade (1-4.5 feet in the study group).



thus be the first actions the community should consider. Membership or lack thereof obviously
being a binary question, this category is coded Yes/No. This information was retrieved from the
Federal Emergency Management Agency (FEMA).

3. NFIP Enrollment Year

This data point may be useful if flood mitigation follows any kind of temporal development,

with certain strategies being applicable earlier than others. In this communities, newer members
may wish to consider a different group of mitigation tools than older members. This category is
coded by enrollment year, which range 1970-2008. It might ultimately make most sense to
reduce these raw years to some more basic numeric ordering, such as distance from some
predetermined reference point (such as the founding of the NFIP in 1968), or fractions of the
earliest/latest/median year, etc. This information was also retrieved from FEMA.

4. Floodplain Administrator

Communities with floodplain managers expressly stipulate the administrator’s
responsibilities, including such activities as monitoring development in the floodplain, and
verifying BFE data in SFHAs. Communities without a floodplain administrator do not generally
discuss these and similar responsibilities as much in their Code of Ordinances. It seems to
reasonable to expect that communities with floodplain administrators will exhibit some
differences with those lacking one. tend to implement different kinds of flood mitigation
strategies, or implement the same policies differently. This category is coded Yes/No. This
information was retrieved by consulting the twenty-three communities’ Code of Ordinances,
where creation of the floodplain manager position is delineated, or unmentioned.

5. Penalties for Flood Ordinances Violations

Some communities do not specify any punishment, while the rest punish it with a
misdemeanor and possibly an additional fine, and/or jail time. The fines range $50-500, while
the jail sentence, if listed, is always up to 30 days. We therefore code this category as
Misdemeanor (Y/N), fine amount (0-500), Up to 30 days’ Jail (Y/N). This information was
retrieved by consulting the twenty-three communities” Code of Ordinances. The differentiation
among the study group is small but among a larger sample differences in penalties might emerge
as useful factors to separate community profiles.

6. Stormwater Management Plan




Like the question of whether or not the community has designated a floodplain manager, it
seems reasonable to guess that whether a does or does not have a stormwater management plan
may be a useful “indicator attribute” for that community’s general flood mitigation status. This
category is coded Yes/No. This information was retrieved by consulting the twenty-three

communities” Code of Ordinances and browsing their websites.

B. Community Rating System ldentifiers

The remaining categories pertain to the CRS. All CRS information was retried from FEMA,
which administers it.
7. CRS Member

This is a basic threshold question one step higher than the NFIP membership question.
Because all NFIP members (which all twenty-three communities studied are) are eligible for
CRS membership and membership affords significant benefits, the ‘cost’ for which is
undertaking voluntary flood hazard mitigating action, failure to join likely indicates general lack
of flood mitigation action. This category is coded Yes/No.
8. CRS Entry Date

Like the question of when did the community join the NFIP, entrance into the CRS likely

correlates with the general state of a community’s flood preparedness. This category is coded by
enrollment date, which range 1991-2015. It might ultimately make most sense to also reduce
these raw years to some more basic numeric ordering, such as distance from the 1990, when the
CRS began.
9. Number of Active CRS Policies

This category adds depth to the binary CRS membership question, as a higher number of

households actively participating in the CRS obviously indicates more substantial effort being
directed toward mitigation activities than a community who is a member but has few policies.
These data range 968-8,580, and are coded by simply the raw number of policies. Ultimately, it
might make most sense to evaluate these raw numbers in relative terms, considering the
community’s particular characteristics, such as population (or number of households), or number
of NFIP member households.

10. CRS Classification

10



A community receives a CRS classification based upon the total credit points awarded for its
mitigation portfolio. CRS classes range 1-10, with Class corresponding with the most credit
points and greatest discount on policy premiums (45%). A community that does not apply for the
CRS, or does but fails to obtain the minimum number of credit points, is a Class 10, and receives

no discount.!! This category is coded 1-10 (studied communities scored 6-10).

Table 1: CRS Classes

Table 110-1. CRS classes, credit points,
and premium discounts.
Premium Reduction
CRS Class Credit Points (cT)
In SFHA Outside SFHA

1 4,500+ 45% 10%
2 4,000-4,499 40% 10%
3 3,500-3,999 35% 10%
4 3,000-3,499 30% 10%
5 2,500-2,999 25% 10%
6 2,000-2,499 20% 10%
7 1,500-1,999 15% 5%
8 1,000-1,499 10% 5%
9 500-999 5% 5%
10 0-499 0 0

11. Percentage Discount for Special Flood Hazard Areas (SFHAS)

Each CRS classification has a corresponding discount on households’ NFIP rate premium.
The discount for properties located outside SFHAs is lower, for Classes 1-8, because premiums

in these areas are already relatively cheap. Also, most activities undertaken to qualify for those

11 CRS Manual (2020) 110-3.
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classes are implemented only in the floodplain.*? Policy holders living within SFHAs are eligible
for discounts up to 45%. This category is therefore coded 0-45.
12. Percentage Discount for Non-SFHAS

Policy holders living outside SFHAs are eligible for discounts up to 10%. This category is
therefore coded 0-10.

C. CRS Creditable Activities (19)

Every CRS member is evaluated every five years for compliance with creditable activities
and assigned an updated classification, which affects policyholders’ rates the next five years. The
twenty-three studied communities” most recent evaluations (3013-2019) are coded by number of
credit points allocated to each category for each community. As noted above, the CRS offers
nineteen categories to earn points, grouped into four categories (Figure 3). The point total of all
nineteen categories is 13,872, but any score over 4,500 earns Class 1.

Figure 2: CRS Activities

300 Public Information ACHVITIES.........covevieereiiereeeeeeeeeeee e 300-1

310 Elevation Certificates.......... 310-1
320 Map Information Service .... 320-1
330 Outreach Projects........... 330-1
340 Hazard Disclosure...........ccooocoinicinicn e 340-1
350 Flood Protection Information 350-1
360 Flood Protection AsSiStance.............cccccevvecuennne 360-1
370 Flood Insurance Promotion..........ccccovreeinieeiineeeis e 370-1
400 Mapping and Regulations ..o 400-1
410 Flood Hazard Mapping ....... 410-1
420 Open Space Preservation 420-1
430 Higher Regulatory Standards 430-1
440 Flood Data Maintenance ............c.cccovvecererecnenne 440-1
450 Stormwater Management .............occovvoiriiiiciiiiciee e 450-1
500 Flood Damage Reduction ACHVItIES ......ccocooeveuireereiiiieeic e 500-1
510 Floodplain Management Planning .............cccccooeeriennnneae 510-1
520 Acquisition and Relocation ..........coooeoeeeieienes 520-1
530 Flood ProteCtion..........ooeeiriicoinincuiniecs e 530-1
540 Drainage System Maintenance. ...........cccovveeurreerueseenesneeas 540-1

600 Warning and RESPONSE .....c...cueriiiiviiiiiiiniirie e e
610 Flood Warning and Response
620 LEVERS ..ot
630 DIAIIS ..ot e 630-1

These nineteen activities covered in the CRS manual, and the details included to actionize
them, are the most comprehensive list available, and though it may have overlooked some sort(s)

of major mitigation action, such is not obviously apparent if so. Even more noteworthy, this list

12 CRS Manual 112
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of policies includes a rich dataset of their implementation over time. The CRS 90 members in
North Carolina alone, around 1500 nationally, and has been conducting regular evaluations of
them for 30 years. Analyzing this dataset could help identify which flood mitigation strategies
are most commonly practiced, when, where, how they evolve over time, how much monetary
value they afford, and so on. As such patterns clarify, it may be possible to predict which

strategies a given community should undertake.

300 Series — Public Information (981 Points)

Activities 310-360 credit programs that advise people about the flood hazard, encourage the
purchase of flood insurance, and provide information about ways to reduce flood damage.*®
13. Activity 310: Elevation Certificates (116 points)

The community must maintain FEMA Elevation Certificates on all new buildings and
substantial improvements constructed in the Special Flood Hazard Area (SFHA) after the
community applies for CRS credit. This activity has a maximum credit of 90 points, and is coded
0-90.

14. Activity 320: Map Information Service (90 points)

Credit is provided for furnishing inquirers with basic flood zone information from the
community’s latest Flood Insurance Rate Map (FIRM). Credit is also provided for the
community furnishing additional FIRM information, information about problems not shown on
the FIRM and natural floodplain functions. This activity has a maximum credit of 90 points, and
is coded 0-90.

15. Activity 330: Outreach Projects (350 points)

Activity 330 provides credit to communities that engage in thorough, critical thinking about

their public information needs and about what they want people in their communities to know
and do with regard to floodplain resources and flood hazards. The activity provides extra credit
for communities that develop locally customized strategies to increase awareness and motivate
residents to take action.* Maximum credit 350 points, coded 0-350.

16. Activity 340: Hazard Disclosures (80 points)

13 CRS Manual (2020) 112-4
14 CRS Manual 330-2
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Credit is provided if a community’s real estate agents advise prospective floodplain
occupants about the flood hazard and the flood insurance purchase requirement. This activity
should:
= Encourage the purchase of flood insurance
= Encourage implementation of flood protection measures
= Prevent victimization of unwary buyers
= Encourage appropriate use of vacant land
= Prevent the troubles that can arise from failing to advise potential purchasers of a flood

hazard
= Protect the real estate agents and sellers from lawsuits
17. Activity 350: Flood Protection Information (125 points)

This activity credits providing the public with more detailed information about flood
protection measures. It also credits supplying community-specific documents and additional
information, such as real-time gage data, that can be disseminated effectively via websites. The
more detailed information is intended to help the public take steps to protect themselves and their
property from the impact of flooding.

18. Activity 360: Flood Protection Assistance (110 Points)

The objective of this activity is to provide one-on-one help to people who are interested in

protecting their property from flooding. A qualified person must be willing and able to talk to
inquirers about the flood hazard, flood protection measures, and/or possible financial assistance.
Credit is provided regardless of how many people take advantage of it.*

19. Activity 370: Flood Insurance Promotion (110 Points)

The objective of this activity is to improve flood insurance coverage in the community. This
activity provides credit for a three-step process that allows communities to assess their own
needs and receive credit for improving their coverage (Credit for the three steps or elements is
provided incrementally):

Step 1: Flood insurance coverage assessment (FIA). This credit is provided for assessing the

community’s current level of coverage and identifying shortcomings (15 points)

Step 2: Coverage improvement plan (CP). The plan is prepared by a committee that has

representation from local insurance agents. (15 points)

15 Ibid 360-3.
14



Step 3: Implementation of the coverage improvement plan (CPI). The plan’s projects are

implemented. (60 points)

400 Series — Mapping and Regulations (7,159 Points)

This activity awards points based on the availability Flood Insurance Rate Maps (FIRMs),
and related procedures to procuring such. There are seven elements. The first, providing basic
information the FIRM, and six other elements related to how this information is obtained,
updated, and made available to the public.'® The maximum credit is Flood Insurance Rate Map
(FIRM) that is needed to write a flood insurance policy, is 90, with studied communities ranging
30-140.

20. Activity 410: Flood Hazard Mapping (850 Points)
The objective of this activity is to improve the quality of the mapping that is used to identify

and regulate development at risk from flood hazards. Credit is provided for This activity
provides credit for developing regulatory maps and flood data for flood risk management
purposes, including coastal erosion and tsunamis, in areas where FEMA did not provide such
data, or for mapping to a higher standard than that required by FEMA, as well as credit for
regulating areas based on flood data not provided with the community’s FIRM or for a flood
study conducted to a higher standard than FEMA’s Flood Insurance Study criteria. Credit is also
provided if the community shared in the cost of a Flood Insurance Study.!’

21. Activity 420: Open Space Preservation (2,020 Points)

The objectives of this activity are to (1) Prevent flood damage by keeping flood-prone lands
free of development, and (2) Protect and enhance the natural functions of floodplains. Credit is
given for areas in a regulated floodplain that are permanently preserved as open space.
Additional credit is given for parcels of open space that are protected by deed restrictions or that
have been preserved in or restored to their natural state. Credit is also given for measures that
require or encourage less development in floodplains, and for the protection of natural channels
and shorelines.

22. Activity 430: Higher Regulatory Standards (2,462 Points)

16 1bid 105
7 1bid 410-1-2
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The objective of this activity is to credit regulations to protect existing and future
development and natural floodplain functions that exceed the minimum criteria of the NFIP.
Numerous higher regulatory approaches are credited that provide more protection to new
development, redevelopment, and existing development (such as setting minimum elevation
above the BFE).!8
23. Activity 440: Flood Data Maintenance (222 Points)

The objective of this activity is to make community floodplain data more accessible, current,

useful, and/or accurate so that the information contributes to the improvement of local
regulations, insurance rating, planning, disclosure, and property appraisals. Credit is provided for
putting the FIRM and Flood Boundary and Floodway Map delineations on a digitized mapping
system or other method that allows for quick revision, and adding or overlaying additional data,
such as sensitive areas, zoning districts, assessor data, and other map layers.®

24. Activity 450: Stormwater Management (755 Points)

The objective of this activity is to prevent future development from increasing flood hazards
to existing development, to protecting existing hydrologic functions within the watershed, and to
maintain and improve water quality. This activity credits four approaches to managing new
development in the watershed: (1) Stormwater management regulations (SMR); (2) Watershed
master planning (WMP); (3) Erosion and sediment control (ESC); and (4) Water quality (WQ).

500 Series — Flood Damage Reduction Activities (4,942 Points)

This series credits programs for areas in which existing development is at risk. Credit is
provided for a comprehensive floodplain management plan, relocating or retrofitting flood-prone
structures, and maintaining drainage systems.

25. Activity 510: Floodplain Management Planning (622 Points)

The objective of this activity is to credit the production of an overall strategy of programs,
projects, and measures that will reduce the adverse impact of the hazard on the community and
help meet other community needs. The CRS does not specify what activities a plan must
recommend; rather, it recognizes plans that have been prepared according to the standard

18 1bid 430-2
19 1bid 440-2
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planning process explained in this activity. Credit is not provided for simply preparing a plan.
Continued credit is dependent upon plan implementation.?
26. Activity 520: Acquisition and Relocation (2,250 Points)

The objective of this activity is to encourage communities to acquire, relocate, or otherwise
clear existing buildings out of the flood hazard area. This activity credits the acquisition of a
property and either the demolition of the building, or the relocation of the building outside the
regulatory floodplain. Credit is provided as long as an insurable building is removed from the
regulatory floodplain and the community can document that the property (or that portion of the
property that lies within the regulatory floodplain) will remain vacant. The credit points are
based on the number of buildings cleared in proportion to the total number of buildings in the
community’s SFHA. Different types of buildings are credited differently under the five
elements.?!

27. Activity 530: Flood Protection (1,600 Points)
The objective of this activity is to protect buildings from flood damage by retrofitting the

buildings so that they suffer no or minimal damage when flooded, and/or constructing small
flood control projects that reduce the risk of flood waters’ reaching the buildings. This credit is
based on the number of insurable buildings in the regulatory floodplain that have been retrofitted
since the date of the community’s original FIRM.??

28. Activity 540: Drainage System Maintenance (470 Points)

The objective of this activity is to ensure that the community keeps its streams, channels, and
storage basins clear of debris so that their flood carrying and storage capacity are maintained.
Credit is provided for keeping the channel and storage basin (detention or retention) portion of a
community’s drainage system clear of debris in order to maintain its flood-carrying and storage

capacity during floods, and to protect water quality.?

600 Series — Warning and Response (790 Points)
This series provides credit for measures that protect life and property during a flood, through

flood warning and response programs. There is credit for the maintenance of levees and for state

20 |bid 510-2-3
2 1bid 520-2
22530-2

2 1bid 540-2
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regulatory programs for dams, as well as for programs that prepare for the potential failure of
levees and dams.?
29. Activity 610: Flood Warning and response (395 Points)

The objective of this activity is to encourage communities to ensure timely identification of

impending flood threats, disseminate warnings to appropriate floodplain occupants, and
coordinate flood response activities to reduce the threat to life and property. This activity focuses
on the community’s emergency management actions and plans, and efforts coordinated through
the community’s emergency manager. Therefore, the emergency manager should be the point of
contact.

30. Activity 620: Levees (235 Points)

The objective of this activity is to encourage communities to properly inspect and maintain

levees and to identify impending levee failures in a timely manner, disseminate warnings to
appropriate floodplain occupants, and coordinate emergency response activities to reduce the
threat to life and property. This activity focuses on the community’s emergency management
actions and plans. Therefore, the emergency manager should be the point of contact, and he or
she should coordinate with the agency responsible for the levee. For levee maintenance credit, a
community must implement a levee maintenance plan, create and maintain an inventory of
levees, identify the vulnerable population and at-risk structures, and conduct an annual outreach
project to advise the vulnerable population.?®

31. Activity 630: Dams (160 Points)

The objectives of this activity are to encourage states to provide dam safety information to

communities and to encourage communities, in turn, to provide timely identification of an
impending dam failure, disseminate warnings to those who may be affected, and coordinate
emergency response activities to reduce the threat to life and property. The credit is keyed to
addressing the areas at risk from the failure of a high-hazard-potential dam. A “high-hazard-
potential dam” is one for which failure or operational errors will probably cause loss of human

life downstream.28

2 1bid 110-4
% 620-2-3
% 1bid 630-2-3
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32. Activity 710: County Growth Adjustment

400-Series point totals are multiplied against the Community’s Growth Adjustment factor

(CGA), or average growth rate, before tabulating the final score.
33. Total Activity Points (Maximum 10,021 Points)

All categories points are summed. The twenty-three studied communities’ point totals range
554-2,291.

34. Activities 34-57 display the raw CRS class, % Premium reductions, and category point totals
shown in Activities 10-33 as proportions out of the maximum total. This is likely a more
descriptive format. The twenty-three studied communities, which are classified 6-10, scored

0.055-0.229 in this decimal format. All have substantial room for improvement.

V. Results and Discussion

The twenty-three studied communities exhibit general similarity, both in their flood
regulations and CRS scores. In the NFIP and Flood regulations categories, there were
inconsistent best-performers. All communities were NFIP members, and joined at similar
average dates. Further, all of the communities implemented remarkably similar penalties for
violating flood regulations, and all three counties had a floodplain manager available for most
communities (except New Hanover County). Carteret County has the highest average minimum
elevations, often mandating BFE + 2 feet, New Hanover County places second in elevation with
BFE + 2 feet in 3 out of 5 communities, and Dare is third. Carteret County also contains the most
frequent lack of a stormwater management plan.

However, this order reverses when considering CRS performance. Perhaps the clearest
consistent result in these data is Dare County, which had the highest CRS score. All 7 of its
communities had CRS classifications 6-7 (four 6s, three 7s—with only two 6s across the other 16
communities in Carteret and New Hanover Counties). New Hanover places second, with its
communities rating 6, 7, 7, 8 and 10 (Wilmington is not a member), and Carteret County had the
lowest in CRS, with most of its communities scoring 8 or worse, and two communities not even
CRS members (scoring 10).

Interestingly, and regrettably, these conflicting CRS and flood ordinances results indicate a
community passing seemingly stricter flood codes does not necessarily translate into better actual

implementation of the policy goal—flood hazard mitigation. What differences do emerge, such
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as varying minimum elevation heights, are uncorrelated to results measures (CRS). For instance,
some of the communities tied for most restrictive elevation (BFE + 2) are not CRS members,
while one of the CRS 6 classification communities has merely BFE. The community with the
most CRS points, Morehead City, lacks a stormwater management plan.

In summary, this study had to purposes. First, to investigate whether a comprehensive list of
flood mitigation strategies exists, and create one if not. Second, to assess the different strategies’
relative effectiveness, so as to guide threatened communities’ response efforts. Literature review,
including of city flood ordinances, found no comprehensive listing initially, until finding
FEMA’s CRS Manual, which constitutes a fairly comprehensive list. Analyzing the CRS scores
of only twenty-three communities, and only their most recent scores, did not reveal reveal useful
associations between mitigation strategies and community characteristics.

However, fuller analyses of the entire CRS dataset may well accomplish this. The CRS
dataset’s value lies not just in its detailed breadth of scope, but sheer magnitude. Assessing 1,500
communities over 30 years (with CRS evaluations conducted every five years) is much likelier to
uncover patterns between community characteristics and mitigation tactics than analyzing only
three counties. The CRS dataset has never been analyzed. It offers an excellent opportunity to
construct a list of “community profiles” and “flood mitigation pathways” and to evaluate
associations between them. Such a product could greatly benefit the sea level response policy

toolbox, and urgently merits further study.
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Table 2: Categories 1-6 Results (Flood Regulations)

Stormwa
Category Regulatory ter
Flood NFIP NFIP Flood Manage
Protection |Member |Enroll plain Penalty for violating Flood Damage Prevention  ment
Elevation ? Date Admin? |Ordinances? plan?
Coding Scale 4.5 Yes/No  Year Yes/No |Misdem. Y/N, fine (amount), jail (time) Yes/No

|Dare County BFE+1;2 |Yes 1978 |Yes Misdemeanor, $50 and/or up to 20 days Yes
Duck BFE +1; 1 Yes 2003 |Yes Misdemeanor Yes
Kill Devil Hills BFE + 1 Yes 1973 |Yes Misdemeanor (Class 3) No
Kitty Hawk BFE + 1 Yes 1978 |Yes Misdemeanor, up to $500 and/or up to 30 days |Yes

Manteo BFE+1 Yes 1973 |No Misdemeanor, $50 and/or up to 30 days Yes**
Nags Head BFE Yes 1972 |Yes Misdemeanor Yes
Southern Shores BFE+1 Yes 1972 |Yes Misdemeanor Yes
Carteret County BFE+1; 2 Yes 1980|Yes Misdemeanor No
Atlantic Beach BFE; 4.5 Yes 1977 |Yes Unspecified Yes
Beaufort BFE+1;2 |Yes 1972 |Yes Misdemeanor; $50 and/or up to 30 days Yes
Cape Carteret BFE+2;2 |Yes 1977 |No Misdemeanor, $50 and/or up to 20 days Yes
Cedar Point nd Yes 1989 |No Reserved (not public) No
Emerald Isle BFE Yes 1977 |Yes Misdemeanor, $50-500 fine Yes
Indian Beach BFE; 2 Yes 1985 |Yes Misdemeanor No
Morehead City BFE; 2 Yes 1977 |Yes Misdemeanor No
Newport BFE+1;1 |Yes 1978 |Yes Misdemeanor (Class A), 5100 and/orupto 30  |No
Peletier BFE; 2 Yes 2008 |No Misdemeanor No
Pine Knoll Shores BFE+2;2 |Yes 1979 |Yes Misdemeanor, $50 and/or up to 20 days Yes
New Hanover County BFE Yes 1978 |Yes Misdemeanor, up to $500 and/or 20 days Yes
Wilmington BFE Yes 1978 |Yes Unspecified (probably not misdemeanor) Yes
Carolina Beach BFE+2:2 |Yes 1975|Yes Misdemeanor (Class 1), unspecified fine and/or |Yes
Kure Beach BFE+1;1 |Yes 1982 |Yes Class 1 misdemeanor, $100 and/or up to 30 Yes
Wrightsville Beach BFE+2:4 |Yes 1970|Yes Misdemeanor, 550 Yes
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Table 3: Categories 7-12 Results (CRS Identifiers)

Category 0% 0%
CRS Discount Discount
CRS CRS Entry Last CRS  Active Current for for Non-
Member Date Evalution Policies CRS Class SFHAs SFHAs
Coding Scale Yes/No Date Date Raw 1-10 0-45(5) 0-5-10
|Dare County Yes 1 5 8580 7 15 5
Duck Yes 10/01/201 |11/19/201 |1149 |7 15 5
Kill Devil Hills Yes 10/01/199 1279 |6 20 10
Kitty Hawk Yes 10/01/199 1538 5] 20 10
Manteo Yes 0/01/1999 1002 7 15 5
Nags Head Yes 10/01/199 3483 5] 20 10
Southern Shores Yes 2 1013 6 20 10
Carteret County Yes 10/01/199 |9/22/2016 (3913 7 15 5
Atlantic Beach Yes 10/01/199 |4/02/2013 2993 |8 10 5
Beaufort Yes 10/01/199 |8/18/2015|2277(Co. |7 15 5
Cape Carteret Yes 10/01/199 na 8 10 5
Cedar Point Yes 10/01/199 |10/28/201 |na 9 5 5
Emerald Isle Yes 10/01/199 2726 7 15 5
Indian Beach No MNA MNA NA 10 NA NA
Morehead City Yes 10/01/199 |6/11/2019 |1629 7 15 5
Newport Yes 10/01/199 na 8 10 5
Peletier Mo MNA NA NA 10 NA NA
Pine Knoll Shores Yes 2 6/26/2012 |1325 20 10
New Hanover County Yes 10/01/199 6159 15 5
Wilmington Mo MNA MNA NA 10 NA NA
Carolina Beach Yes 10/01/199 3465 6 20 10
Kure Beach Yes 5/01/2015 968 8 10 5
Wrightsville Beach Yes 10/01/199 2617 7 15 5
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Table 4: Categories 13-24 Results (CRS 300-400 series, in raw point total format)

Activity  Activity
Activity 350 - 360 - Activity Activity ~ Activity  Activity  Activity
Activity  320- Activity  Flood Flood 370- Activity  420- 430 - 440 - 450 -
Category 310- Map Activity 340 - Protectio Protectio Flood 410 - Open Higher Flood Stormwat

Elevation Informati 330 - Hazard n n Insurance Flood Space Regulator Data er

Certificat on Qutreach Disclosur Informati Assistanc Promotio Hazard Preservati y Maintena Managem

es Service Projects es on e n Mapping on Standards nce ent
Activity Points 116 90 350 80 125 110 110 850 2870 2462 222 755
Dare County 38 90 145 15 89 0 78 112 217 432 158 30
Duck 50 90 66 10 55 0 0 112 291 385 165 60
Kill Devil Hills 38 90 280 15 89 85 90 112 394 399 158 50
Kitty Hawk 38 30 284 10 54 0 0 112 629 357 144 50
Manteo 38 30 163 5 50 0 0 62 546 166 114 30
Nags Head 38 90 250 10 54 0 0 112 537 364 179 50
Southern Shores 38 30 216 10 56 0 0 112 665 437 150 30
Carteret County 66 90 194 10 56 0 0 112 244 265 170 30
Atlantic Beach 56 140 175 5 65 0 0 82 74 314 115 75
Beaufort 37 90 116 13 20 0 0 62 559 138 149 30
Cape Carteret 52 140 103 10 65 0 0 32 0 294 121 75
Cedar Point 38 90 78 10 20 0 0 0 0 42 180 31
Emerald Isle 53 140 167 10 47 0 0 82 74 564 133 75
Indian Beach NA NA NA NA NA NA NA NA NA NA NA NA
Morehead City 38 90 350 35 82 105 15 0 424 217 177 32
Newport 38 90 100 10 20 0 0 62 102 150 146 30
Peletier NA NA NA NA NA NA NA NA NA NA NA NA
Pine Knoll Shores 56 140 144 5 78 0 0 91 402 476 236 83
New Hanover County 47 90 95 10 18 0 0 50 523 413 155 121
Wilmington NA NA NA NA NA NA NA NA NA NA NA NA
Carolina Beach 38 90 150 10 60 55 15 50 629 244 191 30
Kure Beach 38 0 18 10 0 0 0 112 238 344 100 30
Wrightsville Beach 38 50 42 10 0 0 0 112 528 371 76 30
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Table 5: Activities 25-33 Results (CRS 500-600 series, CGA and total, in raw point total format)

Activity

510 - Activity Activity  Activity Activity -

Floodplai 520 - Activity 540 - 610 - 710

Category n Acquisitio 530 - Drainage Flood County

Managem n and Flood System  Warning Activity  Activity Growth Total

ent Relocatio Protectio Maintena and 620 - 630 - Adjustme Activity

Planning n n nce Response Levees Dams nt (CGA) Points
Activity Points 622 2250 1600 470 395 235 160 10021
Dare County 205 0 0 0 264 0 0 1.05 1920
Duck 65 0 0 0 264 0 0 1.05|1664
Kill Devil Hills 65 0 0 130 253 0 0|na 2248
Kitty Hawk 65 0 14 0 264 0 0|na 2051
Manteo 65 0 0 0 259 0 O|na 1528
Nags Head 65 0 0 0 264 0 O|na 2013
Southern Shores 65 0 0 0 273 0 O[na 2082
Carteret County 65 0 0 0 209 0 0 1.03 1535
Atlantic Beach 109 0 0 30 0 0 52 1.11 1365
Beaufort 205 0 0 0 0 0 0 1.1 1513
Cape Carteret 109 0 0 210 0 0 52|na 1263
Cedar Point 65 0 0 0 0 0 0 1.03 554
Emerald Isle 87 0 0 220 100 0 52|na 1804
Indian Beach MNA MNA MNA MNA MNA MNA MNA MNA MNA
Morehead City 516 0 0 0 180 0 30 1.05 2291
Newport 65 0 0 0 184 0 O|na 997
Peletier MNA MNA MNA MNA MNA MNA MNA MNA MNA
Pine Knoll Shores 0 0 0 230 145 0 52 1.11 2138
New Hanover County 170 0 0 0 0 0 O|na 1692
Wilmington MNA MNA MNA MNA MNA MNA MNA MNA MNA
Carolina Beach 170 0 0 0 189 0 O|na 1921
Kure Beach 166 0 0 0 0 0 O|na 1056
Wrightsville Beach 130 0 0 0 259 0 O[na 1646

24



Table 6: Categories 13-24 Results (CRS 300-400 series, in proportional format)

Activity  Activity
350 - 360 -
Activity  Flood Flood Activity
Category 340 - Protectio Protectio Activity 370 - 430 -

Activity 310 - Informati Activity 330 - Hazard n n Flood Activity 410 - Activity 420 - Higher Activity 440 - Activity 450 -

Elevation on Outreach Disclosur Informati Assistanc Insurance Flood Hazard Open Space Regulatory Flood Data  Stormwater

Certificates  Service Projects es on e Promotion  Mapping Preservation Standards Maintenance Management
Activity Points 116 90 350 80 125 110 110 850 2870 2462 222 755
Dare County 0.32758621 |1 0.41428571 |0.1875 0.712 0 0.70909091 |0.13176471 |0.07560976 0.175467| 0.71171171 0.0397351
Duck 0.43103448 |1 0.18857143 |0.125 0.44 0 0 0.13176471 |0.10139373 0.156377| 0.74324324| 0.0794702
Kill Devil Hills 0.32758621 |1 0.8 0.1875 0.712 0.772727 |0.81818182 |0.13176471 |0.13728223 0.162063| 0.71171171| 0.06622517
Kitty Hawk 0.32758621 |0.333333 |0.81142857 |0.125 0.432 0 0 0.13176471 |0.21916376 0.145004| 0.64864865| 0.06622517
Manteo 0.32758621 [0.333333 |0.46571429 |0.0625 0.4 0 0 0.07294118 |0.1902439 0.067425| 0.51351351| 0.0397351
Nags Head 0.32758621 |1 0.71428571 |0.125 0.432 0 0 0.13176471 |0.18710801 0.147847| 0.80630631| 0.06622517
Southern Shores 0.32758621 (0.333333 |0.61714286 |0.125 0.448 0 0 0.13176471 |0.23170732 0.177498| 0.67567568| 0.0397351
Carteret County 0.56896552 |1 0.55428571 |0.125 0.448 0 0 0.13176471 |0.08501742 0.107636| 0.76576577 0.0397351
Atlantic Beach 0.48275862 |1.555556 |0.5 0.0625 |0.52 0 0 0.09647059 |0.02578397 | 0.127539| 0.51801802| 0.09933775
Beaufort 0.31896552 |1 0.33142857 |0.1625 |0.16 0 0 0.07294118 |0.19477352 | 0.056052| 0.67117117| 0.0397351
Cape Carteret 0.44827586 |1.555556 |0.29428571 |0.125 0.52 0 0 0.03764706 |0 0.119415| 0.54504505| 0.09933775
Cedar Point 0.32758621 |1 0.22285714 |0.125 0.16 0 0 0 0 0.017059| 0.81081081| 0.0410596
Emerald Isle 0.45689655 |1.555556 |0.47714286 |0.125 0.376 0 0 0.09647059 |0.02578397 | 0.220082] 0.5990991| 0.09933775
Indian Beach NA NA NA NA NA NA NA NA NA NA NA NA
Morehead City 0.32758621 |1 1 0.4375 0.656 0.954545 |0.13636364 |0 0.14773519 0.08814| 0.7972973| 0.04238411
Newport 0.32758621 |1 0.28571429 |0.125 0.16 0 0 0.07294118 |0.03554007 0.060926| 0.65765766 0.0397351
Peletier NA NA NA NA NA NA NA NA NA NA NA NA
Pine Knoll Shores 0.48275862 |1.555556 |0.41142857 |0.0625 0.624 0 0 0.10705882 |0.14006969 0.193339| 1.06306306| 0.10993377
New Hanover County 0.40517241 |1 0.27142857 |0.125 0.144 0 0 0.05882353 |0.18222997 0.16775| 0.6981982| 0.1602649
Wilmington NA NA NA NA NA NA NA NA NA NA NA NA
Carolina Beach 0.32758621 |1 0.42857143 |0.125 0.48 0.5 0.13636364 |0.05882353 |0.21916376 0.099106| 0.86036036 0.0397351
Kure Beach 0.32758621 |0 0.05142857 |0.125 0 0 0 0.13176471 |0.08292683 0.139724| 0.45045045| 0.0397351
Wrightsville Beach 0.32758621 |0.555556 [0.12 0.125 0 0 0 0.13176471 |0.18397213 0.15068| 0.34234234| 0.0397351
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Table 7: Activities 25-33 Results (CRS 500-600 series, in proportional format)

Activity Activity
520 - Activity 540 - Activity 610
Category Activity 510 - Acquisitio 530 - Drainage - Flood

Floodplain  nand Flood System  Warning Activity  Activity

Management Relocatio Protectio Maintena and 620 - 630 - Total Activity

Planning n n nce Response  Levees Dams Points
Activity Points 622 2250 1600 470 395 235 160 10021
Dare County 0.32958199 0 0 0| 0.6683544 0 0| 0.19159764
Duck 0.10450161 0 0 0| 0.6683544 0 0| 0.16605129
Kill Devil Hills 0.10450161 0 0 0| 0.6405063 0 0| 0.22432891
Kitty Hawk 0.10450161 0| 0.00875 0| 0.6683544 0 0| 0.20467019
Manteo 0.10450161 0 0 0| 0.e556962 0 0| 0.15247979
Nags Head 0.10450161 0 0 0| 0.0683544 0 0| 0.20087816
Southern Shores 0.10450161 0 0 0| 0.6911392 0 0 0.2077637
Carteret County 0.10450161 0 0 0 0.5291139 0 0| 0.15317833
Atlantic Beach 0.17524116 0 0 0 0 0 0.325| 0.13621395
Beaufort 0.32958199 0 0 0 0 0 0| 0.15098294
Cape Carteret 0.17524116 0 0 0 0 0 0.325| 0.12603533
Cedar Point 0.10450161 0 0 0 0 0 0 0.0552839
Emerald Isle 0.13987138 0 0 0| 0.2531646 0 0.325| 0.18002195
Indian Beach MNA MNA MNA MNA MNA MNA MNA MNA
Morehead City 0.82958199 0 0 0| 0.4556962 0 0.1875 0.2286199
Newport 0.10450161 0 0 0| 0.4658228 0 0| 0.09949107
Peletier MNA MNA MNA MNA MNA MNA MNA MNA
Pine Knoll Shores 0 0 0 0| 0.3670886 0 0.325| 0.21335196
New Hanover County 0.2733119 0 0 0 0 0 0| 0.16884542
Wilmington NA NA NA NA NA NA NA NA
Carolina Beach 0.2733119 0 0 0 0.478481 0 0| 0.19169744
Kure Beach 0.26688103 0 0 0 0 0 0 0.1053787
Wrightsville Beach 0.20900322 0 0 0| 0.6556962 0 0| 0.16425506
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