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Executive Summary

The purpose of this economic analysis is to identify the net benefits (benefits minus costs) of four
shoreline management scenarios along the Delaware Bayshore, together with the distribution of these net
benefits across communities and groups. For this study, the Delaware Bayshore is limited to seven
communities: Pickering Beach, Kitts Hummock, Bowers Beach, South Bowers Beach (Kent County); and
Slaughter Beach, Prime Hook, Broadkill Beach (Sussex County). For several decades, the State of
Delaware has supported these communities through shoreline management activities to protect structures
against coastal erosion, receding beaches, and flooding. These activities have focused on maintenance
of the beaches through periodic sand nourishment and emergency beach fills from upland borrow sites
(post-storm). However, it has become apparent to the State and these communities that relying solely on
historical beach maintenance activities is not sustainable in the long term. Nonetheless, these activities
have been successful in delaying severe impacts in most parts of these communities for the past several
decades. Long term shoreline management adaptation measures are needed to prevent significant
flooding and erosion impacts to these communities.

The State of Delaware commissioned this economic analysis to take advantage of both new and existing
information on the physical outcomes, benefits and costs of various shoreline management alternatives.
This analysis builds on the recently completed Management Plan for the Delaware Bay Beaches (PBSJ,
2010). The Plan considered an engineered beach/dune profile that would be sustainable for a 10-year
period and would provide protection for 10-year storm events. The Plan drew attention to emerging
trends in nourishment costs. It projected sand volumes and costs far exceeding shoreline management
measures taken to date, suggesting that the cost of continuing past shoreline management strategies
could be prohibitive. Based on these findings and the results of past economic analyses (e.g., Beaches
2000; DNREC 1988), the State of Delaware decided to requisition an economic analysis to assess
shoreline management solutions for these seven bay communities.

Study Scope

This economic study evaluates three shoreline management scenarios against a base case of No Action.
The three management scenarios are: Beach Nourishment, Strategic Retreat, and Enhanced Retreat.
The estimated costs and benefits of each scenario are calculated over a thirty-year time horizon (2011 to
2041) with the focus on impacts limited to the immediate shoreline of the seven communities rather than
the entire reach of the bay shoreline.

The study’s scope and methodology was developed through a series of technical workshops with subject
matter experts across several disciplines (e.g.; engineering, hydrology, and economics). The process
also determined the suite of benefits to be quantified and the data requirements. The team subsequently
collected and generated the analytic data necessary to measure three broad categories in which benefit
changes are expected to be significant: housing services (i.e., houses lost due to erosion or removal),
flood hazard reductions, and recreational uses. Data to evaluate the projected costs of shoreline
management were also collected. Finally, the study evaluated local and county tax revenue implications.

Management Scenarios

This study considers three active management scenarios (beach nourishment and two retreat options).
The net benefits (benefits minus costs) under each of these scenarios are compared to what would occur
were the State to take no further action; this is denoted the No Action baseline. Under the baseline No
Action Scenario, the State would not actively manage shoreline erosion, allowing it to occur unimpeded.
Rather than maintaining the status quo (current nourishment activities), this scenario serves as the base
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case for the analysis. The Beach Nourishment Scenario builds on the 10-year beach/dune system
described in the 2010 Management Plan (i.e., beach fill placement and construction repeated every 10
years). It preserves the beach widths to support current visitation by beach goers and protects the
existing structures from erosion and wave energy during flooding. The retreat scenarios are shoreline
adaptation approaches based on current recommendations by coastal hazard mitigation planners. They
allow shoreline erosion and migration to take place naturally with communities retreating from the
shoreline by staging the purchase and removal of bay-front housing structures. These are denoted Basic
Retreat and Enhanced Retreat. These differ in the timing and magnitude of property acquisition geared
towards maintaining two alternative levels of amenities (beach width) for the public. Table ES.1
summarizes the four scenarios.

Table ES.1: Summary of Management Scenarios

Scenario Description Expected Outcome
No Action State undertakes no action to e Of the current 1643 homes, 129 are lost to erosion.
(Baseline) manage shoreline erosion and Lost homes in all communities except Slaughter
flooding e  Extent of loss by community varies substantially

e Limited costs to government, mainly clean/demolition

e Beach recreation opportunities (for owners and
visitors) continue but at a lower level due to narrowing
beach conditions over time

Beach Construct and maintain 10-year e All properties protected (to design criteria) against
Nourishment  [storm beach/dune system based flood and erosion damage (avoided damages)
(Scenario 1) on the Management Plan for the e Beach recreational opportunities (for owners and
Delaware Bay Beaches visitors) preserved and enhanced
¢ Direct costs to government of beach nourishment
activities

Basic Strategic retreat designed to clear e 244 selected houses removed over time with direct
Retreat and conserve beach widths costs for the State in property buyout and demolition
(Scenario 3) consistent with current conditions (an additional 115 homes lost compared to No Action)

e Properties avoid erosion loss and avoid some coastal
flooding damages

e Beach recreational opportunities (for owners and
visitors) preserved

Enhanced Retreat designed to clear and e 451 selected houses removed over time with direct

Retreat conserve beach widths comparable costs for the State in property buyout and demolition

(Scenario 2) to 10-year beach nourishment (an additional 322 homes lost compared to No Action)
design e Properties avoid erosion loss and avoid some coastal

flooding damages

e Beach recreational opportunities (for owners and
visitors) preserved and enhanced

Note: Scenario numbers reflect how each is referenced in the supporting assessments (Appendices D and E).
Approach to Benefit Cost Analysis

The economic analysis is grounded in established methods for benefit cost analysis (BCA). Within BCA,
economic benefits are assessed only in comparative terms, relative to a well-defined baseline. Here, the
baseline reflects what would occur under the No Action scenario. Established methods exist for
measuring various types of benefits and costs within BCA, as realized by different groups. Economic
benefits and costs may be realized by individuals or firms. For individuals, benefits are generally
measured as the maximum amount of other goods or services that the individual is willing to forego or
give up in order to obtain the outcomes resulting from the policy in question. This reflects the individual’'s
willingness to pay (WTP) for the policy change. Economic costs, in turn, reflect the value of goods or
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services foregone as a result of the policy. For example, government costs for materials and supplies
(e.g., the cost of sand for nourishment) are considered economic costs, because they reflect opportunity
costs (resources that cannot be used for other purposes). When measuring benefits and costs, it is
important to recognize the distinction between total net benefits (all benefits minus all costs) and the
distribution of net benefits. Policies that generate greater combined net benefits do not necessarily benefit
all groups equally. This report recognizes that the State may also wish to consider the impacts on equity
or the distribution of net benefits across groups. The analysis hence quantifies both total net benefits and
the distribution of these benefits across various groups, where possible.

It is typically impossible to measure all possible benefits and costs from a given project. As a result, all
BCAs must make initial decisions regarding which benefits and costs (1) can be quantified based on
available data, and (2) are large enough to warrant attention. To determine which benefits would be
quantified in present analysis, the team developed a preliminary matrix of potential resources and
associated benefits/costs, which could potentially be affected by the management scenarios. A workshop
was then conducted to help determine which of these were likely significant issues for the Bayshores
analysis and could be quantified based on available data. Table ES.2 summarizes the resulting
categories of benefit and cost quantified by the present BCA, the way they are quantified, and the
economic intuition underlying their interpretation as a valid measure of benefit or cost.

Table ES.2. Categories of Benefits, Costs and Transfer Payments Considered

BENEFIT,
COST OR

TRANSFER

HOW MEASURED

Change in costs paid by

DESCRIPTION AND ECONOMIC INTERPRETATION

Sand, Fill and "
" the State. Quantified .
Demolition : . These reflect the opportunity cost of resources used for management.
using predicted market
Costs
costs.
Housin Crzasr;%?\;glhh:or}e;ervices These reflect gains or losses to homeowners related to the continued
N9 pres existence of a housing structure into the future. According to
Service received from homes, as . S
Benefits reflected in propert economic theory, equilibrium property values should reflect the
values property capitalized present value of future housing services.
Change in the net
present value of beach Beach recreation generates non-market use values. These values can
Recreational recreation, quantified be quantified using consumer surplus, defined as the difference
Benefits using changes in between what an individual would be willing to pay for beach
discounted consumer recreation and what is actually paid in travel and access costs.
surplus.
Changes in beach management can influence the likelihood and
. severity of flood and erosion damage to homes. This is in addition to
Flood and Change in net damages . . .
. - homes that are entirely lost. The true relationship between damage
Erosion to homes (repair and . .
Damages replacement costs) costs and the willingness to pay to avoid flood damage (a true
9 ’ measure of benefit) is generally undefined, although these are
sometimes interpreted as an approximation of benefit losses.
Housing Payments from the State | These reflect a transfer payment from the State to homeowners. That
Acquisition to homeowners to is, for each $1 paid by the State, $1 is received by homeowners; these
Payments compensate for lost payments are a simple transfer of funds from one group to another,
(Transfer) housing services. the net benefit of which is zero.
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Observations

Without any shoreline adaptation (the No Action baseline), the seven bay communities in this study will
experience increasing damages from erosion and flooding. Each of the management alternatives
considered would alter these “No Action” conditions, and hence would generate either positive or negative
net benefits. Table ES.3 summarizes the net benefit of each shoreline management scenario option
relative to the No Action Scenario. As shown by Table ES.3, the benefits of shoreline management do
not outweigh the costs. In all cases, net benefits are negative when compared to No Action. The Beach
Nourishment Scenario has the smallest shortfall; the estimated net loss is $24.1 million in present value
(including damage avoidance). The Basic Retreat Scenario produces an estimated net loss of $29.8
million. The Enhanced Retreat Scenario has the highest net loss ($114.0 million).

Table ES.3: Net Benefits by Management Scenario Relative to No Action’

(A) (B) (C) (D) (E) (F) (G)
Sand, Fill Housing Housing Recreation Housing Reduction Net
and Acquisition  Acquisition (PV, $mill) Services® in Benefits
. Demolition Payments Payments ’ Additional
Scenario . . (PV, (PV,
. (paid by (received by . Flood and .
(PV, $mill) $mill) . $mill;
State) property Eroswn3 sum of A
(PV, $mill) owners) Damages through
(PV, $mill) (PV, $mill)
Beach
Nourishment -$61.1 -$0 $0 $16.1 $18.2 $2.7 -$24.1
(Scenario 1)
Basic Retreat
(Scenario 3) _$O'5 '$61 3 $61 3 $1 0.8 -$43.1 $30 -$29.8
Enhanced
Retreat -$4.5 -$149.1 $149.1 $10.8 -$130.9 $10.6 -$114.0

(Scenario 2)

' Costs (or reduced benefits) enter as negative numbers. Benefits (or reduced costs) enter as positive numbers. All benefits and
costs are relative to the No Action alternative.

2 Change in benefits due to the total loss of housing structures.

® Damages to remaining housing structures. Although the beach width is similar under nourishment and enhanced retreat,
damages avoided differ due to (a) the construction of additional protective dunes under beach nourishment and the removal of
homes under enhanced retreat that would otherwise be subject to damage.

Study results also suggest that each community has its own distinct characteristics and that the data
should be looked at on a community-by-community basis as well, not simply a scenario basis (Table
ES.4). The patterns in Table ES.3, in general, carry over to each individual community. The community-
level disaggregation illustrates that in all but two cases, the net benefits of the three management
scenarios are consistently negative. However, the community disaggregation also suggests that trends
for smaller linear waterfront communities will vary greatly from larger communities that are comprised of a
larger or wider upland footprint. Finally, results in Table ES.4 illustrate that shoreline management action
is potentially efficient for a small number of communities, in few cases.
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Table ES.4: Net Benefit by Scenario and Community

Nourishment Basic Retreat Enhanced Retreat

Community Net Benefit Net Benefit Net Benefit

(PV, $mill) (PV, $mill) (PV, $mill)
Pickering -$3.2 -$0.5 -$1.8
Kitts Hummock -$4.6 -$1.6 -$6.9
Bowers -$3.1 -$2.9 -$5.8
South Bowers -$3.8 -$0.4 -$1.4
Slaughter -$11.6 $0.7 -$8.5
Prime Hook -$4.6 -$3.4 -$36.4
Broadkill $6.8 -$21.9 -$53.2
Total -$24.1 -$29.8 -$114.0

Notes: Net benefits calculated relative to the No Action Scenario. The table reports all figures in 2011 dollars. The reported values
are the present value of the stream of annual estimates aggregated across 30 years (from 2011 to 2041) and discounted at 4%.

The community-specific nature of the management scenarios is best illustrated by Slaughter Beach and
Broadkill Beach. Broadkill Beach and Slaughter Beach are the only two communities with a positive net
impact for any management scenario. Broadkill Beach was the only community with a positive net impact
under the Beach Nourishment Scenario. The Beach Nourishment Scenario produces negative net
impacts ranging in value from $3.1 million (Bowers Beach) to as large as $11.6 million (Slaughter Beach)
for the other six bay communities, while Broadkill Beach’s benefits outweigh management costs by $6.8
million. Impacts to recreational use and avoided flood damage drive the positive gains at Broadkill Beach.
Broadkill Beach has the highest visitation levels out of all the communities and largest development. The
Nourishment Scenario not only preserves the beach widths to support current visitation by beach goers,
but also protects the existing structures from erosion and flooding.

Under the Basic Retreat Scenario, however, Broadkill Beach displays the highest negative net impact.
This reflects the substantial loss of housing services in this area, which overwhelms all other costs and
benefits in this case. Only one community, Slaughter Beach, experiences a predicted gain under basic
retreat. Benefits outweigh cost by $0.7 million. Additionally, two communities, Pickering Beach and
South Bowers, have net impacts that are only marginally negative. The Basic Retreat and No Action
Scenarios both involve 38 out of the community’s 43 buildings being lost. However, the two scenarios
differ in the timing of when these structures are lost. The negative net impact mainly arises as a result of
the Basic Retreat Scenario bringing forward the timing of when some structures would be lost in Pickering
Beach. As a result of the earlier timing, Pickering Beach experiences housing service losses sooner
relative to the No Action Scenario.

Community-by-community results for enhanced retreat are similar in general pattern but larger than those
for basic retreat. This difference is particularly notable for Prime Hook, whose predicted negative net
benefits increase by more than a factor of ten under enhanced retreat, compared to basic retreat. Losses
for Slaughter beach also increase greater than ten-fold. In both cases, this is due to the location of
community houses, such that housing service losses are much greater in these two communities under
enhanced retreat. In contrast to nourishment and basic retreat, under which at least one community
realizes net benefits, all communities realize net losses under enhanced retreat. Again, this is due to the
large losses of housing services under this scenario.
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Finally, the economic analysis provides information on the distribution of costs and benefits among
various groups. To date, the State of Delaware (reflecting all Delaware taxpayers) has borne almost
exclusively the costs for shoreline adaptation in these communities while the communities and property
owners have realized the benefits. These patterns, in general, would be continued under each of the
three management scenarios — with the State (taxpayers and non-residents) bearing the majority of the
costs and community residents receiving the majority of benefits. Hence, the net benefits for community
residents are positive, while the overall net benefit to all Delaware residents (taxpayers and community
residents) is negative. This discrepancy shows the importance of an analysis of the distribution of
benefits and costs across different groups.

Table ES.5 reports the distribution of net benefits (benefits minus costs) between local community
residents and general taxpayers and non-residents. As shown by the table, local community residents
are the primary beneficiaries of beach management. In all cases, the net benefits of shoreline
management are positive for residents of the Delaware Bay communities, yet are negative for non-
residents and taxpayers. The primary reason is that nourishment and demolition costs are borne by the
State, along with the cost of housing service losses for properties acquired by the state. Most benefits of
management, however, are realized by Bayshore community residents. The sole exception is recreation,
for which the majority of benefits are realized by non-residents.

Table ES.5: Distribution of Net Benefits by Management Scenario

Beach Nourishment Basic Retreat Enhanced Retreat
Metric Units Taxpayers Residents Taxpayers Residents Taxpayer Residents
& Non- & Non- s & Non-
Residents Residents Residents
e PV, $mill -$48.1 $24.0 -$52.3 $22.5 -$143.7 $29.7
Benefits ’ ’ ’ ’ ’ ’ ’

Notes: All values reported in 2011 dollars. The figures are the present value of the stream of costs and benefits aggregated
across 30 years (from 2011 to 2041) and discounted at 4%. In Appendix D and E, Scenario 1=Beach Nourishment; Scenario
2=Enhanced Retreat; Scenario 3=Basic/Strategic Retreat; Scenario 4=No Action

Table ES.6 illustrates the distribution of these benefits across communities. In all cases, the same
pattern holds. Residents of Bayshore communities universally benefit from beach management options,
whereas taxpayers and non-residents almost always realize negative net benefits.
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Table ES.6: Distribution of Net Benefits by Management Scenario, By Community

Beach Nourishment Basic Retreat Enhanced Retreat
(PV, $mill) (PV, $mill) (PV, $mill)
Community
Taxpayers Residents Taxpayers Residents Taxpayers Residents
& Non- & Non- & Non-
Residents Residents Residents
Pickering -$5.8 $2.6 -$3.3 $2.8 -$5.1 $3.2
Kitts Hummock -$7.3 $2.7 -$4.5 $2.9 -$11.1 $4.2
Bowers -$4.1 $1.0 -$3.6 $0.7 -$7.2 $1.4
South Bowers -$4.2 $0.5 -$0.8 $0.4 -$2.2 $0.8
Slaughter -$12.9 $1.2 $0.2 $0.5 -$9.4 $0.9
Prime Hook -$6.7 $2.1 -$4.7 $1.3 -$39.0 $2.6
Broadkill -$7.1 $13.9 -$35.8 $13.9 -$69.7 $16.6
Total -$48.1 $24.0 -$52.3 $22.5 -$143.7 $29.7

Notes: All values reported in 2011 dollars. The figures are the present value of the stream of costs and benefits
aggregated across 30 years (from 2011 to 2041) and discounted at 4%.

Report Structure

The content and structure of the report is as follows.

Purpose and Objectives (Chapter 1). Chapter 1 informs the reader on why this study was
prepared, and briefly describes the long-term (30-year) management plan that is the foundation
for performing an economic analysis of shoreline management alternatives and public
involvement.

Background (Chapter 2). Chapter 2 provides context and background. It first provides a brief
history of the State of Delaware’s bay shoreline management activities and discusses some of
the technical and fiscal challenges of maintaining these activities. The chapter then describes
each of the seven bay communities.

Approach to this Study (Chapter 3). Chapter 3 sets out the study’s approach and data
collection and modeling efforts; describes the project scope, management scenarios, and
approaches to measuring physical and economic impacts; and details the data collection process.

Management Costs (Chapter 4). Chapter 4 presents estimated costs of shoreline management
for each scenario.

Benefits Analysis (Chapter 5). Chapter 5 details the approach and estimates for each of the
broad benefits categories considered in this analysis. These benefits are:

= Lost Housing services
= Flood damage

= Recreation

= Taxes
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¢ Key Findings/Results (Chapter 6). Chapter 6 discusses the net impact of each management
scenario. It provides summary tables of the results by cost and benefit category and by

community.
¢ References (Chapter 7). Chapter 7 includes a list of references contained in the document.
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1 Introduction

1.1 Why this Study?

In 2010, the Delaware Department of Natural Resources and Environmental Control (DNREC) released
its long term (30-year) beach nourishment plan for the Delaware Bayshore, entitled Management Plan for
the Delaware Bay Beaches (PBSJ 2010). This plan set out several beach nourishment options of seven
bay communities in Kent and Sussex Counties, shown in Figure 1.1. Through its development, DNREC
learned that nourishment costs well exceeded previous expenditures along the bayshore due to:

¢ new methods required for dredging — offshore and deeper depths with longer pumping distances;

e construction requirements for permits now required to meet federal standards; and

e construction of an “engineered” beach-dune profile to provide increased (10-yr) storm protection
and volumes (rather than the previous “non-engineered” maintenance profile).

While the management plan forecast sizeable .
increases in nourishment actions and costs for
these seven communities (Figure 1.2), % /——7
projected actions were also more reflective of ¥

the beach nourishment activities (scale and f\ A
volumes) for coastal communities to the south e /
(such as Lewes and Rehoboth) based on
DNREC historical activities at those coastal
communities. This result suggested that a
cost effective approach may be dependent
upon the community of interest. At the same
time, federal programs for beach nourishment
were scaled back, requiring the State of
Delaware to increase cost share activities or

' Delaware
undertake nourishment of some coastal Bay
beaches independently. Do Pickering

Concurrent to DNREC’s evaluation and
economic assessment of management
scenarios, the Delaware Bay Shoreline
Legislative Workgroup is facilitating policy
recommendations for the Delaware Bay
Shoreline. The results of DNREC's studies
inform the Workgroup’s decision making.

All of these factors generated the need for
DNREC to evaluate its beach nourishment and ]
bayshore management programs. DNREC s
commissioned this economic study to provide
critical information that may be considered
when making planning decisions for investing
in the shoreline management of the bayshore -

Atlantic
Ocean

community beaches. Figure 1.1: General Study Area and Location of

Delaware Bayshore Communities
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Bay Beach Projects
Total Sand Placed per Year
1, 200, 000
1,000,000
1972 - Formation of DMRECS 2010 — Bay Beach
BO0,000 State Crwned Dredge Begins Management Plan
B00,000
400,000
00,000
J ' B |ETIERTI .
1950 1960 1970 1980 1990 2000 2010
W Expected Volume(Cubic Yards) & Actual Volume {Cubic Yards)

Figure 1.2: DNREC Historical Sand Placement & Projected Volumes for Bayshore Communities
[Source: DNREC]

1.2 Purpose and Objectives

The purpose of this economic analysis was to identify the physical impacts, costs and benefits, as well as
the associated entities receiving distributed net benefits' and incurring costs, from various shoreline
management scenarios. This study’s results fulfill the need for up-to-date information that directly
accounts for the following combination of factors:

e costs of providing shore protection have increased and are expected to increase further;

e beach and dune construction and management plans developed in 2010 to provide 10-year storm
protection;

e no cost sharing strategies were developed during decades of low-cost management using state-
owned equipment and labor; and

e type and distribution of benefits provided by protection measures in these communities differs
from the ocean coast resorts.

The objective of this study was to provide information that determines and quantifies the magnitude and
distribution of physical impacts, costs and benefits of three alternative shoreline management scenarios
(three scenarios compared to the No Action baseline). These scenarios include:

e Beach Nourishment — Construct and maintain beach/dune system in front of existing
development.

' Net benefits are defined as benefits minus costs.
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e Enhanced Retreat — Remove structures in order to accommodate the recommended beach
width for each community. As shoreline migration occurs over time, additional structures are
removed.

e Basic Retreat — Remove structures in order to accommodate the current beach width for each
community. As shoreline migration occurs over time, additional structures are removed.

¢ No Action — Under this scenario, there is no private or public intervention into shoreline
migration. This is the baseline from which the economic costs and benefits of the three action
scenarios are compared.

This economic evaluation provides information necessary for policy-makers to address questions such as:

¢ What should be done to manage the coastal hazard risks faced by the bayshore communities?

e What management strategies are sustainable?

o What management strategies provide the greatest net benefits to society?

¢ Which alternatives make sense given the community’s shoreline dynamics?

o Which alternatives have the potential for an equitable cost share?

e What management alternative makes the most sense for each community based on costs and
benefits?

Note that the economic evaluation does not directly answer all of these questions, but provides
information on economic benefits and costs to enable policymakers to address these questions in a more
informed manner.

1.3 Project Scope

This study offers a detailed evaluation of the physical impacts of four shoreline management scenarios to
seven defined communities over a 30-year time period. It then quantifies economic benefits and costs for
three of these scenarios (Beach Nourishment, Enhanced Retreat, Basic Retreat) relative to the fourth
scenario which is defined as the baseline (No Action).? It does not evaluate these effects for the entire
bay shoreline. The economic assessment considers the following costs and benefits. All of these are
measured as changes relative to those which would occur under the No Action scenario.

o direct costs associated with managing the shoreline;

e costs or benefits associated with changes in recreational services (changes in the net benefits of
beach recreation);

e costs or benefits associated with changes in housing services, due to a loss of housing structures
(either due to flooding and erosion or purposeful removal);

e damages (increases or decreases) to remaining housing structures due to flooding or erosion.’

Housing service impacts were measured by projecting how the number of structures lost to flooding or
erosion, or purposefully removed, changes as a result of each management scenario relative to the No
Action scenario. The resulting loss of housing services is then valued using community-specific
estimated property values (market prices), under the assumption that equilibrium property values reflect
the capitalized, net present value of housing services, accounting for the year in which the structure is
lost. Changes in recreational use values caused by changes to Bay beaches are estimated using results
from a recreation demand model that predicts the number of beach trips and associated recreational
values under alternative management scenarios, again relative to the No Action scenario. The model

2 Economic benefits and costs are only meaningful relative to a well-defined baseline. Here, the No Action alternative is defined as
that baseline. The No Action alternative does not hold current conditions constant but reflects changes in conditions over the period
of analysis.

8 Changes in damage costs may be interpreted as exact measures of economic benefits or costs only under very restrictive
assumptions.
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distinguishes between values gained or lost by both Bay community residents and visitors, and accounts
both for the effects of beach width (which affects the value of the beaches for recreation) and housing
loss (which affects the number of residents who engage in recreation). Flood damage costs were
assessed using FEMA Standard Values.

Table 1.1 provides a summary of the benefits and costs assessed in this report. This set of benefits and
costs is not entirely comprehensive, but represents the primary sources of benefits and costs that are
expected to occur. Following standard practice for benefit cost analysis (Boardman et al. 2006; US EPA
2010), the analysis quantifies only those benefits and costs likely to be significant, based on existing data
and expert opinion. For example, active shoreline management could affect valued ecosystem services
such as the provision of wildlife habitat (e.g., for birds or horseshoe crabs). Areas of the bay shoreline
play unique and essential roles in supporting a diversity of high value species — horseshoe crab,
migratory birds, etc. Omitting these impacts from the analysis likely underestimates the benefits of
adaptation or mitigation. However, as discussed in Chapter 3, discussions with DNREC staff from a
variety of departments as well as other stakeholders and resource management agencies suggested that
effects on such ecosystem service values would be small relative to the primary benefits and costs
quantified in this report, and are unlikely to influence the overall results of the analysis in any meaningful
way. This is due to the nature and scope of the management scenarios and the physical setting for each
community. As a result, effects on these benefits are not quantified.

This report also follows standard economic practice and theory for the measurement of benefits and
costs, incorporating only those outcomes that are appropriate to include within a formal benefit cost
analysis (Boardman et al. 2006; U.S. Water Resources Council, 1983; Harberger et al., 2002; Brouwer
and Pearce, 2005). As a result, the report omits economic and fiscal impacts and secondary effects that
are not appropriate for inclusion (see Holland et al. 2010, chapter 2 for a detailed discussion of this issue).
These include some broader economy-wide impacts on businesses and residents, along with impacts on
tax revenues.

February 2014 FINAL Introduction 1-4



Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

Table 1.1: Key Benefits, Costs and Impacts Assessed in the Management Scenarios

Benefit or
Cost
Category

Measure

Description

COSTS OF MANAGEMENT (RELATIVE TO NO ACTION)*

Beneficiaries (for
quantified benefits)

Shoreline
management

Sand or fill e Applies to beach nourishment activity N/A
costs ¢ Based design specifications for volume of sand
needed over time and unit costs of fill
¢ Unit fill costs account for excavation, hauling and
placement of beach fill material
Demoalition o Costs of clean up for structures with 100% damage | N/A

due to erosion

QUANTIFIED BENEFITS OF MANAGEMENT (RELATIVE TO NO ACTION)®

protection and
other

analysis/ natural resource capital valuation
Omission likely understates total benefit of

Recreational ¢ Change in values of recreational beach trips e Community residents
activity e Based on recreation demand model estimates e Beach visitors
Erosion- Housing e Change in annualized service flows provided by Property owners
shoreline services housing
migration . .
¢ Based on real estate price used to estimate the
capitalized service value of property suffering 100%
loss
Avoided o Cost of replacement less depreciation of assessed | Property owners
Coastal property and parcel value (avoided damages do not typically
flooding content provide an exact measure of economic benefit; see
damage Chapters 3 and 5).
UNQUANTIFIED BENEFITS, COSTS OR IMPACTS
Economic ¢ Productivity impacts local economy (e.qg., e Government
activity in restaurants, hotels, retail) measured in jobs and e Businesses
service sectors business revenue .
" ¢ Residents
¢ Not assessed, but assumed to positively correlated
with recreational activity
Erosion - ¢ Not a valid measure of economic benefit or cost
shoreline - -
migration Habitat e Ecosystem service flows not assessed in this Passive use values for

the public

Not a valid measure of economic benefit or cost

ecosystem shoreline management to a small degree
services ) .
¢ Available evidence suggests that effects on these
ecosystem service values are likely to be minor
Tax revenue Lost tax e Estimated but not included in net impact of N/A
revenue for management options
gent and * Reflects transfers between property owners to the
ussex County for services
Counties

* The cost of house acquisition paid by the State (for homes removed as part of retreat options) is not included as a formal policy
cost, because it is a simple transfer payment from the government to homeowners. For each $1 paid by the state, $1 is received by
Bayshore homeowners. However, the size of this transfer is quantified to enable evaluation of distributional effects. The analysis
does, however, quantify the value of the resulting lost housing values.

® In some cases, these are benefit losses relative to No Action, which are akin to costs.
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The study also provided information on distributional implications. Managing shoreline erosion has
heterogeneous effects on local coastal communities, property owners, governments (local, state, and
federal) and various sectors operating in the State of Delaware. To evaluate the distribution of benefits
and costs across different affected groups, estimated net benefits are allocated between private property
owners in each community, governments, and the general public (comprised of Delaware residents and
out of state visitors).

Given the analytic approach and scope of this study, consideration should be given to the following
points:

e The benefits and costs analyzed were identified as the major impacts of the management
scenarios, but are not comprehensive. However, available evidence indicates that omitted
benefits and costs are likely relatively small, and would be unlikely to influence the overall results
of the analysis in any meaningful way.

¢ All net benefits are assessed as incremental to a scenario of no active management of the
shoreline (i.e., No Action scenario). In other words, they reflect the difference between what is
forecast to occur under each management action and what is forecast to occur under the No
Action scenario.

e The scope of this study includes the direct impacts and benefits for the seven communities in this
study.

e The study’s design paid careful attention to ensure that benefit and cost estimates could be
added without double counting.

1.3.1 What this Study Does Not Address

There are a variety of approaches and methods to conducting economic analyses. The goals,
assumptions and data used dictate the approach and potential structure of the results, and are designed
to answer specific management questions. It is important to recognize what this study does not address
due to the study objectives, focus and scope. For example, the study does not address the following:

e The entire bay shoreline reach; rather it focuses on the affect from implementing varying
shoreline management scenarios to seven defined communities;

e Back bay flooding management issues;

¢ Management activities for nearby managed natural areas;

o Ecosystem services (refer to Section 2 of this report for background) that would not be subject to
significant effects due to the management alternatives considered;

e Economy wide implications such as, indirect or secondary effects (e.g., in the form of local or
state economy productivity boosts or costs); and,

e Optimized or alternative engineering solutions were not identified or evaluated — such as methods
to reduce erosion, bypass materials, passively capture sand, etc.

This study provides science-based information for the State of Delaware and interested stakeholders to
evaluate the pros and cons of management activities and potentially develop policy regarding the
bayshore beaches management. The study is an objective approach to identifying the relevant impacts
and benefits from varying shoreline management scenarios; therefore, it cannot recommend approaches
or management activities for each community. The study also is not designed to recommend sources of
funding or how project funding should be allocated.

This study was conducted prior to Hurricane Sandy impacting the Delaware shoreline. The study is
based on baseline conditions prior to that event and the associated impacts to the communities’ beaches
and changed property conditions in these communities.
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1.4 Public Involvement

Throughout the economic analysis there was stakeholder involvement. Public involvement was primarily
centered on the Delaware Bay Beaches Legislative Workgroup initiated by the General Assembly. In
addition, DNREC conducted a public outreach program during the development of the management plan
for the bayshore communities. That program continued through the development of the economic
analyses through the same consultant contracted by DNREC (Gary Anderson Consulting). The team
conducted frequent meetings in each community as well as visits with individual property owners.

1.41 Stakeholder Participation/Workshops

The study team conducted multiple workshops with representatives from state agencies including
DNREC, Delaware Department of Transportation, Delaware Economic Development Office, and the
Office of State Planning, County representatives as well as public stakeholders. Several workshops were
conducted with DNREC leadership and program managers to develop the scope of work, technical
approach to the economic study and goals and objectives. Workshops were convened to review progress
to date and to refine the approach as information was made available. Several technical workshops were
conducted with DNREC staff and other stakeholders to identify sources and types of data available for the
study and to review results of data collection efforts completed as a result of the study.

The stakeholders for this project include the State of Delaware, Kent County, Sussex County, the local
communities and the residents of the seven communities. These entities have been included in technical
workshops, presentations and participated on the Legislative Workgroup.

The DNREC staff was integral to the development of the economics study and has provided access to
available data in the states inventory. Various departments from the state have participated in technical
workshops and are members of the Delaware Bay Shore Workgroup. The State of Delaware has
provided access to the study team to a variety of subject matter experts in the process of identifying
resources for valuation, strategies for the study and peer review.

1.4.2 Legislative Workgroup

DNREC coordinated with and reported to the Delaware Bay Beaches Work Group (chaired by Senator
Brian Bushweller and Senator Gary Simpson) on a regular basis. Presentations were made at the
following meetings:

e April 8, 2011

e September 16, 2011
e January 13, 2012

e May 11, 2012

o September 14, 2012

The Bay Beaches Work Group had met on November 12, 2010, November 29, 2010, and January 6,
2011 with DNREC staff in attendance as well.

The study team and DRNEC provided updates to the Workgroup quarterly throughout the development of
the study. Copies of the presentations, meeting minutes and agendas for the Workgroup meetings are
included as Appendix A. The Workgroup meetings and their web site were the primary outlet for formally
communicating with the local communities and general public.
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2 Background

2.1 Study Area

Delaware’s Bayshore Initiative®, a proposed Master Plan for the entire Delaware Bayshore and its green
infrastructure, comprises the eastern shore of the State of Delaware from the northern terminus of Cape
Henlopen to the Delaware/Pennsylvania state line, which includes shoreline in New Castle County, Kent
County and Sussex County. For this study, the Delaware Bayshore is defined as the shoreline identified
in the Management Plan limited to portions of Kent County and Sussex County (PBSJ 2010).

The Delaware Bayshore includes the communities of Pickering Beach, Kitts Hummock, Bowers Beach
and South Bowers Beach in Kent County and Slaughter Beach, Prime Hook and Broadkill Beach in
Sussex County as shown in Figure 1.1. The analyses solely focused on the beaches along the shoreline
fronting each of these communities. There are wide, expansive uninhabited lengths of beaches in
between these communities that were not considered or evaluated in this study.

Notable features along this shoreline include large, expansive managed natural areas such as: Little
Creek Wildlife Area, Milford Neck Wildlife Area, Prime Hook National Wildlife Refuge, Mispillion Inlet, St.
Jones River, Murderkill River, Broadkill River, and Great Marsh Preserve. The communities are accessed
from inland communities such as Smyrna, Dover, Milford and Milton via Route 1 and a series of local
roads through natural areas. Net benefits or impacts were not estimated for these managed or natural
areas (Section 1.3.)

2.2 Past Shoreline Management Activities

Shoreline Management activities along the Delaware Bayshore have been necessary for decades.
Erosion of the shoreline is a natural and continuing process along the bayshore. Homes have been
constructed in close proximity to this active erosion area. Storm events can drastically accelerate
shoreline and beach erosion. Management activities have varied through recent time as summarized in
the next sections.

2.2.1 Management Activities to Date

DNREC’s management activities along its coastal beaches have fostered numerous partnerships with
federal agencies and the local coastal communities to complete shoreline management projects. The
State of Delaware also has a long history of management activities along the bayshore through its
nourishment and emergency fill activities. These activities; however, have not benefited from the same
federal or local partnerships to the extent of the coastal beaches (Rehoboth, Dewey Beach, etc.). The
local bayshore communities have limited resources and most management activities along the bayshore
do not meet federal criteria for partnering.

The following is a summary history of Response and Management Activities along the Delaware
Bayshore primarily led by DNREC:

¢ Mechanically adding sand to beach and dune — primarily through State of Delaware;
¢ Regulating new construction pursuant to coastal setback line — since 1972;
¢ National Flood Insurance Program regulations since mid-late 1970s;

® The Delaware Bayshore Initiative is a comprehensive plan for the entire bay shoreline covering New Castle, Kent and Sussex
counties sponsored by DNREC. The Delaware Bayshore Initiative was conceived and introduced to the public during the course of
the Economics Study for the Bayshore seven communities. The Initiative is much broader in its planning goals and geographic
reach than the Economics Study.

February 2014 FINAL Background 2-1



Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

« Drainage projects to move water back to bay following coastal storms;

o FEMA Hazard Mitigation Assistance Projects — elevating, relocating, flood proofing structures
(very limited);

¢ Private non-profit organization buyouts to create open space; and,

e Prime Hook Wildlife Refuge water management activities.

Figure 2.1: Existing Community on Figure 2.2: Affected Shoreline in the
Delaware Bayshore Depicting Typical Study Area [Source: DNREC]
Limited Protection and Proximity to

Delaware Bay Waterline [Source: DNREC]

2.2.2 Summary of Beach Nourishment and Management Activities to Date

Beach nourishment activities for the seven identified communities have been completed through a variety
of methods by DNREC for decades. For some communities there is periodic beach maintenance
comprised of trucking materials from upland sources for emergency measures. Typical beach community
shorelines are depicted in Figure 2.1 and 2.2. At other times, the management activities consisted of
simply re-grading existing materials on the beach.

Historically, DNREC owned and operated shallow draft dredges that periodically nourished the beaches
along these communities. The dredges operated close to shore and pumped sand from the bay onto the
beaches. Refer to Figure 1.2 for a summary of the quantities managed through several decades for the
bayshore communities. These activities were completed by DNREC at 100 percent costs to the state.
DNREC continuously pumped materials on the beaches and the timing and amounts varied depending on
the pace of the dredge and events such as hurricanes and storms. DNREC has sold its dredging
equipment and ceased dredging activities that was operated by state staff and equipment. DNREC has
been able to direct some materials (beneficially use) dredge material from other federal dredging projects
in the bay to these beaches.

Over the last several decades The State of Delaware and partners have completed other types of
shoreline management activities within or near these communities. There has been limited use of
shoreline structures such as jetties. In addition, there has been limited management through elevating or
razing individual structures.

As an example, Table 2.1 provides a summary of the various beach nourishment activities completed
over the past several decades at one of the communities in the study (Bowers Beach). This summary
includes the typical types of nourishment approaches and their frequencies and volumes for this
community. Similar types of activities have been conducted at all seven communities at differing scales
and timelines.
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Table 2.1: Summary of Beach Fill at Bowers Beach.

Year Placement Method Fill Volume (CY)
1962 Truckfill 35,500
1968 Hydraulic Dredge 1,800
1969 Truckfill 6,500
1972 Hydraulic Dredge 21,200
1973 12” Hydraulic Dredge 15,800
1974 12” Hydraulic Dredge 28,800
1985 Truckfill 35,700
1986 12” Hydraulic Dredge 13,700
1988 14” Hydraulic Dredge 51,700
1994 18” Hydraulic Dredge 12,000
1998 14” Hydraulic Dredge 46,240
1998 14” Hydraulic Dredge 55,165
2009 Truck Haul 1,000
2009 Truck Haul 9,000
2009 Emergency Truck Fill 7,000
Total 357,305

Source: DNREC

By the 1990’s and into the 2000’s it became increasingly clear that staying the course of 100 percent
state-funded minor intervention projects was not achieving adequate outcomes for the bayshore shoreline
adaptation program. This was due to the fact beach nourishment efforts were not engineered for long-
term projection and ultimately were not sustainable. At today’s unit cost of $10-$20 per Cubic Yard,
based on recent coastal beach nourishment projects, these historical activities would cost approximately
$4 million — $7 million if completed today. Studies conducted by DNREC indicate that the volumes

managed to date are minor compared to volumes predicted to be needed along this community shoreline
as well as the other six communities.

2.2.3 Summary of Past Studies and Funding

The State of Delaware (DNREC) completed
several studies for the coastal beaches known
as Beaches 2000 (DNREC 1998) that included
a management plan and economic analysis for
the coastal communities. DNREC staff has
indicated that these economic studies were
found to be useful to planners and decision
makers in developing a plan for these
communities and in securing continued federal
and municipal support for the beach
management activities.

Subsequently, DNREC identified the need and
potential benefit of developing a similar
management plan for the bayshore
communities. A report was completed for

DNREC (PBSJ 2010) that summarized a Figure 2.3: Management Plan for Delaware Bay
Beaches

AT i .
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management plan for each community, including a concept for beach nourishment for each community
and projected costs. The report identified a beach-dune profile that would provide a 10-year protection (in
both elevation and sand volume) that would be maintained every ten years. The resultant beach profiles
identified a significant increase in the volume of sand required to meet the management plan objectives
and commensurately significantly increased management costs.

As a result, DNREC determined that preparing an economic analysis of the proposed management
activities would be prudent.

With the exception of limited FEMA assistance for flood hazard mitigation for some individual structures
and some private funds from non-profits to buy out select flood prone structures, all shoreline
management activities have been funded by the State of Delaware for the bayshore communities.

2.2.4 Management Challenges To Date

Historically, shoreline management along the bayshore communities has several challenges, both
technical and financial.

224.1 Technical Challenges
Historically, beach management along the shoreline communities was comprised of:

¢ Re-grading beaches annually from natural deposits from the bay;
e Truck hauling materials from upland borrow sites; and,
e Hydraulically pumping materials from the bay’s nearshore waters using state owned equipment.

As noted previously, the first two options are not feasible to accomplish the volumes that are required to
meet the management plan. The final option is not feasible either as the State has sold its equipment and
now relies solely on commercial dredging operations to nourish its beaches. Commercial dredging
operations now use large deep draft vessels that must borrow materials from off shore and pump material
for much greater lengths. These dredging activities are now regulated with new permitting requirements
and restrictions on location and timing of dredging for beach nourishment materials.

Historically, the options for beneficial use of dredge material from other projects have not been feasible
for these shorelines. Often the source of the dredge material or its characteristics, including quality, is not
appropriate for beach management activities. Coordination with entities conducting bay dredging, such
as the USACE, will continue to be explored as part of the solutions for beach management. These
activities are dependent on other agencies, their funding sources, cycles, and schedules.

The focus of the beach management plan for the bayshore communities was historically on beach
nourishment. Other management approaches to shoreline management were identified to be available
but were not analyzed specifically by DNREC. Options for engineered shorelines were not deemed
feasible, cost effective, or appropriate to State of Delaware’s Coastal Zone Management Plan.

Beach nourishment activities are temporarily beneficial to protecting structures from erosion and wave
energy; however, due to the physical settings of the communities, in many communities these
management approaches do not necessarily reduce flood damages to structures in the communities. The
communities along the bayshore are challenged with numerous openings in the dune system via inlets
and breaches in the long stretches of beach between the communities. Beach management when limited
to the communities’ shoreline does not affect the back bay flooding elevations that impact many of the
structures in these communities. Many residents are familiar with the extensive drainage problems within
these communities and the extensive water management activities conducted to manage water levels in
several natural areas behind these communities.
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224.2 Fiscal Challenges

An evident outcome of the bayshore management plan was the recognition that beach management
activities in these communities would require significant increases in funding. The methods for managing
the beaches have become more expensive, and the frequency and volumes of sand needs are
significantly more as well. In addition, sources of funding are limited. As previously noted, the State of
Delaware currently funds all the beach management activities for these communities. The local
communities historically have limited resources (funds) for these activities and limited sources to generate
future funds for these activities. The federal government is the primary partner typically for these
activities as they have been for the coastal communities. More recently federal funds for these activities
have been reduced as their needs continue to increase, because the costs of federal projects continue to
increase as well. Simultaneously, state funding sources are limited; as funding for coastal beaches
decreases and their costs increase, the state funds available for other beach nourishment activities are
stressed.

2.3 Bayshore Communities

The bayshore communities include:

¢ Kent County: Pickering Beach, Kitts Hummock, Bowers Beach, and South Bowers Beach
e Sussex County: Slaughter Beach, Prime Hook, and Broadkill Beach

This section summarizes the characteristics of the study area and communities, including factors that
framed the economics study.

2.3.1 Historical Development/Use

The seven communities along the bayshore have developed over time at a variety of rates, intensities,
and methods of re-development. The communities are almost exclusively residential. Five of the seven
communities are unincorporated and therefore governed by the counties. These communities comprise a
very small percentage of the acreage and population of their respective counties. Each community is a
mix of year round residences and vacation homes. The proportion varies by community. The size and
value of the homes also varies between and within communities. The communities vary in size from 43
structures to 600 structures, approximately.

Common to all of the communities is that structures were developed close to the waterfront. Additional
development in each community is limited to the amount of contiguous upland suitable for development.
Several communities are comprised of a single road paralleling the bay, which supports homes on one or
both sides. Most communities have a single point of access from the “mainland” and there are limited
direct connections between the communities, with Prime Hook and Broadkill Beach as the primary
exception. Though access between these communities is possible, the connection is a gated private
road.

Most communities appear to have evolved similarly at similar times (based on home ages) as small
“hamlets.” The rate that these communities have re-developed to modern building codes varies.

2.3.2 Natural Resource Communities

Each of the bayshore communities is situated between the open waters and beach of the Delaware Bay
and extensive natural areas comprised of floodplains and wetlands and open waters. Several major river
systems (St. Jones, Murderkill, Broadkill, and Mispillion) traverse the natural areas behind these
communities. Many of the natural resource systems are lands or water managed by the State of
Delaware and the Federal government. The extent of wetlands and floodplains are depicted in Figures
2.4 and 2.6 for Kent County and Figures 2.5 and 2.7 for Sussex County. The management of these
natural resources communities was not included in the management scenarios developed for this study
as these areas are beyond the scope of the study. In addition, the values and ecosystem services
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benefits associated with these natural resource areas (as described later in this report) were not
addressed as the evaluated shoreline management scenarios did not generate changes to the natural
resource areas that were measurable.

Legend
FEMA Flood Zone
Floodzone

100 Year
4" 500 Year

Figure 2.4: Kent County — Floodplains Map
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Figure 2.5: Sussex County — Floodplains Map
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Figure 2.6: Kent County — Wetlands Map
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Figure 2.7: Sussex County — Wetlands Map
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As evidenced on the figures, each of the seven communities is situated in the FEMA regulated 100-year
floodplain. In addition, extensive state and federal wetlands comprise a significant portion of the
floodplains. These resources provide much of the attraction to residents to these communities and
provide natural forms of flood protection.

The Delaware Bayshore beaches and associated natural areas are also known for supporting a wide
variety of species such as the horseshoe crab, piping plovers, terns, and other high profile species. The
Delaware Bay is noted for its extensive fisheries as well. These natural areas are important breeding
areas for many of these species.

2.3.2.1 Historical Management/Alterations

Historic management activities along the bayshore have been focused on natural resource areas and the
primary waterways. Historical management activities of the beaches are described throughout this report.
The hydrology of many natural areas behind these communities is managed through physical structures
throughout the bayshore (such as tide gates and berms at Prime Hook). The management is for a variety
of purposes including recreation, waterfowl habitat and flood/drainage control.

Beach nourishment is the primary shoreline management action. However, there has been limited
installation of engineered structures in isolated locations (such as jetties at the inlets adjacent to the
communities).

2.3.3 Regional Economies

The regional economy of the bayshore communities is centered on support economies for the residents
and visitors to the communities. As described below, there is limited commercial or industrial activity in
these communities. Several communities are exclusively residential. The regional economy is driven by
recreational activities including ecotourism. Only a few communities have facilities for supporting
recreational power boating (marinas and private slips with direct access to waterways).

The majority of the communities are unincorporated and make up a very small percentage of the
population and tax base for their respective counties. In addition, most of the communities have limited
facilities to attract and support visitors so for most communities the visitors are limited to accommodations
at the existing houses which are primarily single family structures.

It should be noted that the economies of Broadkill Beach are unique for the bayshore communities as this
community is the most southern community, largest population and number of structures, diversity in
businesses. This community in many ways has economies closer to those of the coastal communities.

24 Individual Bayshore Community Summary Information

Each of the seven Delaware Bayshore Communities is described in this section. A short description of
the community and the surrounding vicinity and an aerial photograph are included for each community.
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2.4.1 Pickering Beach

Pickering Beach, located in Kent County east of the Dover Air Force Base, is the northernmost
community in the study (Figure 2.8). There are currently 43 structures found within the community, all of
which are residential properties. Water at these residences is served by a community supply company,
but each residence has its own septic tank for sewer. The entire community is located on upland
between the Delaware Bay and the back bay marshes.

]

Figure 2.8: Aerial Image of Pickering Beach Community

The only access into the community is via Pickering Beach Road. After entering the community,
Sandpiper Drive is the single road that runs parallel to the bay beach with all but one structure on the
Delaware Bay side of the road. Only one structure is found on the back bay marsh side of the road.
There is no designated public beach access nor is there public beach access parking.

The entire community is located within the FEMA 100-yr floodplain and all but one structure is within the
VE 11 zone. VE zones are subject to both the 100-yr flood and additional velocity hazard (wave action)
and a base flood elevation has been determined. The access road leading into the community is also
within the 100-yr floodplain over an extended distance.

Beach nourishment and shoreline protection installation were initiated in Pickering Beach, following the
1962 storm (the storm of record) and have continued since. As of 2010, a total of 255,750 CY of beach
material have been placed for nourishment and protection. The existing beach width, as of 2011, is
approximately 38 feet.

2.4.2 Kitts Hummock

Kitts Hummock is located in Kent County, southeast of the Dover Air Force Base (Figure 2.9). There are
currently 114 structures found within the community, all of which are residential properties. Water at
these residences is from private wells. Sanitary sewer was installed in 2011 as part of sewer expansion
project paid for by USDA Rural Development loan and grant to Kent County Levy Court. The entire
community is located on upland between the Delaware Bay and the back bay marshes.
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Figure 2.9: Aerial Image of Kitts Hummock Community

The only access into the community is via Kitts Hummock Road. After entering the community, Bay Drive
is the single road that runs parallel to the bay beach with all but a few structures on the Delaware Bay
side of the road. Only seven structures are found on the back bay marsh side of the road. There are a
few more homes located along either side of Kitts Hummock Road near the entrance to the community.
Kitts Hummock Road often floods, making it difficult to enter or exit following storm events. There is no
designated public beach access nor is there public beach access parking.

The entire community is located within the FEMA 100-yr floodplain and most of it is within the VE 11 zone
except for some structures at the north end on the back bay side and along Kitts Hummock Road. The
access road leading into the community is also within the 100-yr floodplain over an extended distance.

Beach nourishment and shoreline protection installation has taken place since 1961 and has continued
today. As of 2010, a total of 310,130 CY of beach material have been placed for nourishment and
protection. The existing beach width, as of 2011, is approximately 29 feet.

2.4.3 Bowers Beach

Bowers Beach is located in Kent County, between the mouth of the Murderkill and St. Jones Rivers
(Figure 2.10). The Murderkill River runs along the southern edge of the community. Bowers Beach is
one of only two incorporated municipalities within the seven communities studied. There are currently
325 structures found within the community, most of which are residential properties and includes some
multi-family apartments and townhomes. There is also some commercial property such as a restaurant,
bar, and a few fishing charters. The community includes a fire company, Community Park and a church.
Water at the properties is from individual private wells. The Town of Bowers Beach is connected to the
Kent County Sewer System and a pumping station is located within the town. The north end of the town
is located on upland between the Delaware Bay and the rivers and associated back bay marshes. The
south end of the town is located on upland between the two rivers.

February 2014 FINAL Background 2-12



Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

Figure 2.10: Aerial Image of Bowers Beach Community

Access into the town is via Bowers Beach Road (Main Street). To the north of Main Street, two roads run
parallel to the bay beach with a single row of homes on either side of the road for the one closest to the
Delaware Bay and only a single row on the Delaware Bay side of the road for the one closest to the river
and associated back bay marsh. To the south of Main Street there are six to seven roads forming blocks
and a beach access parking lot parallel to the bay beach between the Delaware Bay and the back bay
marsh. There is boat access along the Murderkill River at the south end of the town. There is a large
public beach access parking area with access to the beach via Cooper Avenue and Main Street.

The entire community is located within the FEMA 100-yr floodplain and most of the structures adjacent to
the Delaware Bay are within the VE 11 zone. The access road leading into the community is also within
the 100-yr floodplain over an extended distance.

Beach nourishment and shoreline protection installation has taken place since 1962 and has continued
today. As of 2010, a total of 294,065 CY of beach material have been placed for nourishment and
protection. A jetty was constructed along the northern shore of the Murderkill Inlet in 1976. A terminal
groin was built at the north end of the town at this same time. The existing beach width, as of 2011, is
approximately 60 feet at the north end and 40 feet at the south end.

2.4.4 South Bowers

South Bowers is the southernmost community located in Kent County, just south of the mouth of the
Murderkill River (Figure 2.11). There are currently 69 structures found within the community, all of which
are residential properties. Water at the properties is from individual private wells. South Bowers is not
connected to the Bowers Sewer District. The entire community is located on upland between the
Delaware Bay and the Murderkill River and associated back bay marsh.
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Figure 2.11: Aerial Image of South Bowers Beach Community

Access into the town is via South Bowers Road which bends to the north following the Murderkill River as
it enters the community and is the only road that runs parallel to the Bay beach with only a single row of
homes on the Bay side of the road. There is no designated public beach access parking but there is
room along the side of the road to park and a place where the public can access the beach.

The entire community is located within the FEMA 100-yr floodplain and most of the structures are within
the VE 11 zone except for a few along the Murderkill River at the north end. The access road leading into
the community is also within the 100-yr floodplain over an extended distance.

Beach nourishment and shoreline protection installation has taken place since 1961 and has continued
today. As of 2010, a total of 96,900 CY of beach material have been placed for nourishment and
protection. A jetty was constructed along the southern shore of the Murderkill inlet in 1976. The existing
beach width, as of 2011, is approximately 31 feet at the north end and 37 feet at the south end.

2.4.5 Slaughter Beach

Slaughter Beach, northernmost community located in Sussex County, is situated just to the south of the
mouths of Cedar Creek and the Mispillion River (Figure 2.12). The southern portion is adjacent to Prime
Hook National Wildlife Refuge and State Wildlife Management Area. Slaughter Beach is one of only two
incorporated municipalities within the seven communities studied. There are currently 310 structures
found within the community, most of which are residential properties. There are a few marinas and public
boat launch to Cedar Creek at the north end. There is also a volunteer fire house and a small park with
tennis, basketball court and open space for activities. A community supply company serves water at
these residences but each residence has its own septic tank for sewer. The entire town is located on
upland between the Delaware Bay and the back bay marshes of Slaughter and Cedar Creeks.
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Figure 2.12: Aerial Image of Slaughter Beach Community

There are two accesses into the town via Cedar Beach Road and Slaughter Beach Road. Bay Avenue
and a short section of Beach Plum Drive are the only roads that run parallel to the bay beach with only a
single row of homes on either side of the road. There is a public beach access and parking lot across
from the volunteer fire house.

The entire community is located within the FEMA 100-yr floodplain and most of the structures in the town
are within the VE 11 zone. The access roads leading into the community are also within the 100-yr
floodplain over an extended distance.

Beach nourishment and shoreline protection installation were initiated in Slaughter Beach in 1958 and
have continued to date. As of 2010, a total of 899,300 CY of beach material have been placed for
nourishment and protection. The existing beach width, as of 2011, is approximately 13 feet at the north
end and 40 feet at the south end and 40 to 53 feet in between.

2.4.6 Prime Hook Beach

Prime Hook Beach, located in Sussex County, is located adjacent to Prime Hook National Wildlife Refuge
and State Wildlife Management Area (Figure 2.13). There are currently 185 structures found within the
community, all of which are residential properties. There is a gated community located at the south end.
A community supply company serves water at these residences but each residence has its own septic
tank for sewer. The entire community is located on upland between the Delaware Bay and back bay
marshes. These marshes have been managed as freshwater marshes for migratory bird habitat since the
1980s.

February 2014 FINAL Background 2-15



Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

Figure 2.13: Aerial Image of Prime Hook Beach Community

The only public access into the community is via Prime Hook Road which was built across the marsh in
1953. There are a number of small culverts (eight or more) under the roadway that allow for frequent
exchange of water between marshes from one side of the road to the other. Prime Hook Road floods
frequently. To the north of Prime Hook Road, Front Street (Shore Drive) is the only road that runs parallel
to the bay beach with only a single row of homes on either side of the road. There are a few
perpendicular roads at the south end near Prime Hook Road. To the south of Prime Hook Road, there
are four roads that intersect Front Street, providing access towards the back bay, allowing for a number
(up to six homes along either side of the street plus a home at each end) of homes between the Bay and
the back bay. The gated community at the south end of the community connects to Broadkill Beach to
the south but there is no public access through the community. There is no designated public beach
access parking but there is room along the side of the road to park.

The entire community is located within the FEMA 100-yr floodplain and a good number of the structures in
the community along the Delaware Bay are within the VE 11 zone. The access road leading into the
community is also within the 100-yr floodplain over an extended distance.

Beach nourishment and shoreline protection installation were initiated in Prime Hook Beach following the
storm in 1962 and have continued to date. As of 2010, a total of approximately 21,200 CY of beach
material have been placed for nourishment and protection. The existing beach width, as of 2011, is
approximately 21 feet at the north end and 20 feet at the south end and 41 feet in between.

2.4.7 Broadkill Beach

The southernmost community in the study, Broadkill Beach, is located in Sussex County (Figure 2.14).
The community is situated adjacent to Prime Hook National Wildlife Refuge and State Wildlife
Management Area and is also the closest community to the coastal town of Rehoboth Beach and the
tourist community of Lewes. There are currently 583 structures found within the community, most of
which are residential properties except for a store on Broadkill Road. There is a gated community located
at the north end. Water at these residences is served by a community supply company but each
residence has its own septic tank for sewer. The entire community is located on upland between the
Delaware Bay and Broadkill Sound/Prime Hook Creek and associated marshes.

February 2014 FINAL Background 2-16



Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

0 0125 0.25

Figure 2.14: Aerial Image of Broadkill Beach Community

The only public access into the community is via Broadkill Road. There is a bridge at the entrance to the
community that crosses Broadkill Sound. To the south of Broadkill Road, South Bayshore Drive is the
only road (although there are few perpendicular roads at the north end near Broadkill Road) that runs
parallel to the bay beach with only a single row of homes on either side of the road. To the north of
Broadkill Road, there are a number of roads that intersect N. Bay Shore Drive, providing access towards
the Bay as well as Broadkill Sound, allowing for a number (up to nine on each side of intersecting street)
of homes between the Bay and the Sound.

There is also boat access in a portion south of Broadkill Road via Broadkill Sound to Broadkill
River/Lewes and Rehoboth Canal. Many of the homes along the Sound have docks and boats,
predominantly at the south end. The gated community at the north end of the community connects to
Prime Hook Beach to the north but there is no public access through the community. There are 14
residential structures located in this gated community, called Back Bay Cove. For the purposes of this
analysis, these structures are incorporated in Broadkill. There is a small public beach access parking lot
and access point at the end of Broadkill Road.

The entire community is located within the FEMA 100-yr floodplain and most of the structures in the
community along the Delaware Bay are within the VE 11 zone. The access road leading into the
community is also within the 100-yr floodplain over an extended distance.

Beach nourishment and shoreline protection installation were initiated in Broadkill Beach in 1957 and
have continued to date. A series of groins were built at the terminus of five streets in the 1950s. A
revetment was constructed from North Carolina Avenue to approximately 700 feet north of Alabama
Avenue. As of 2010, a total of approximately 1,150,600 CY of beach material have been placed for
nourishment and protection. The existing beach width, as of 2011, is approximately 82 feet at the north
end and 76 feet at the south end, and it varies in between with average of about 60 feet and as little as 27
feet.
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248 Summary
General characteristics of each community are included in Table 2.2.

Table 2.2: Delaware Bay Beaches — Overview

Average
Beach
Width
(feet)

Beach Sewer Water
Length (Private/ (Private/
(miles) Public) Public)

Existing

Community Structures
(No.)

Kent County

Pickering Beach 43 38 0.6 Private Public
Kitts Hummock 114 29 1.1 Public Private
Bowers 325 40-60 0.7 Public Private
South Bowers 69 31-37 0.7 Public Private

Sussex County

Slaughter Beach 308 13-53 2.8 Private Public
Prime Hook 185 20-41 1.5 Private Public
Broadkill 599 27-82 4.7 Private Public
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3 Approach to this Study

3.1 Overview

For this economic evaluation of shoreline management scenarios, the project undertook a phased
approach by staging different study components so that the project team could better manage the various
supporting analyses to ensure a complete and complementary suite of assessments. At each phase, an
essential element has been DNREC’s involvement as an integrated partner. Our general approach is
summarized by the following steps:

e determine desired range of management scenarios and scope of economic assessments;

e identify potential physical impacts, economic costs and benefits and screen these based on level
of significance/magnitude and information availability;

e collect data in support of selected management scenarios and economic assessments;

e complete coastal engineering modeling and alternative management scenario concept
development and model scenarios;

e develop estimates of costs for each management scenario;

e complete economic models and calculations of benefits and net benefits; and,

¢ develop analysis materials and presentations for policy makers, agencies and public

3.2 Development of Management Scenarios

Integral to any benefit cost analysis is a detailed definition of actions to be evaluated. For this study,
those actions were beach management or shoreline management scenarios. Management scenarios are
not by definition “micro-level” alternatives for beach management; instead, the scenarios describe broad
management approaches to the shoreline adaptation. For example, the purpose for this study was not to
evaluate the costs and benefits of beach management through different engineered beach profiles, such
as beach nourishment versus jetties and groins or other hard structures, but rather to measure the
benefits associated with beach nourishment as defined by the management plan and an alternative
shoreline management scenario (strategic retreat under two different conditions). In order to estimate
and compare the merits of each management option, the impacts, benefits and costs must be measured
relative to a common baseline. For this project, the common baseline is a No Action scenario, in which
there is no public or private intervention to slow shoreline migration.

The study team prepared a series of management scenarios for DNREC staff review and vetting with
stakeholders (Appendix C). The group achieved consensus that the report should evaluate four
management scenarios for the Delaware Bayshores Economic Assessment including: a no action
baseline plus three general shoreline management approaches.

The four management scenarios (three management scenarios and the baseline no action) in the
broadest context are intended to identify a range of potentially pertinent shoreline management options
for these communities and based on best information available to date on successful techniques
employed for shoreline management. At this time stakeholders, including DNREC, have not determined a
preferred management scenario.

An important component to economic evaluations is identifying the temporal framework within which costs
and benefits are realized. The team determined that evaluation of the economic costs and benefits of
each scenario would be based on the 2011-2041 timeline. This is consistent with the timelines developed
for the bayshores management plan. Data for the beach nourishment scenario were generated for this
timeline during the development of the management plan. Physical outcomes, costs, and benefits were
based on this planning horizon as well.
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As noted previously, DNREC shoreline management activities to date are considered to be unsustainable
in the long term. The No Action scenario is not presented as a desired approach, nor does it meet the
status quo of continuing to actively manage the beaches through the historical activities completed to
date. However, the No Action alternative is considered the baseline in order to compare the benefits and
potential costs of the three identified management scenarios. No Action implies no intervention at these
communities by any public or private entity. The No Action baseline is a significant departure from the
State’s current investment in these communities. However, this scenario also provides a baseline that
informs stakeholders of what is forecast to occur in the absence of any further State action. It also aids in
understanding the uncertainty in climate change dynamics that come into play for all scenarios regardless
of the active management choices.

Responding to the natural dynamics of shoreline migration involves understanding the historical
development of the communities and the ways that the communities may adapt or mitigate. Management
activities are about adaptation and recognition that without complete retreat for these communities,
perpetual investments will be required to protect properties and preserve a recreational beach.

Beach nourishment has been a historical approach to managing the Delaware Bayshore communities.
The first scenario analyzed (Beach Nourishment) includes a more robust beach nourishment program
than currently conducted. The beach nourishment scenario involves placement and construction of an
engineered dune system every ten years. The engineered dune profiles utilized in this study were
developed in the PBSJ Management Plan (2010), where each community has its own prescribed dune
system intended to provide protection over a ten year horizon. With this increase in protection comes an
increase in costs relative to the No Action scenario. While this approach will maintain the existing
structures in place and increase erosion protection for the beach front structures, it ultimately does not
eliminate the risk to natural flood hazards for these communities and will require long term investments to
maintain the level of protection provided by the initial investment in the nourishment and construction of
the beach and dunes. As with any management approach, there is always risk to these communities
from a large storm event or natural flood hazards.

The remaining management scenario type, Retreat, has not been employed on a large scale in Delaware
but is a management tool gaining acceptance in communities in other parts of the country. The two
Retreat options (Basic Retreat and Enhanced Retreat) are the only management scenarios proposed that
proactively remove structures that are most vulnerable to storm impacts. These scenarios do not provide
any additional protection to surrounding natural ecosystems, but reduce the potential for damage to
bayshore structures while simultaneously compensating current property owners for their investments in
at-risk properties. These scenarios would likely significantly alter the nature of the communities and the
use of the shoreline. While the retreat scenarios involve significant initial costs to acquire homes (that are
removed to allow for beach retreat), they avoid ongoing nourishment costs required under the Beach
Nourishment scenario.

3.2.1 Description and Expected Outcomes

The following describes the baseline scenario for this study.
BASELINE CONDITION
NO ACTION - Scenario 4

This baseline scenario involves no action on the part of state shoreline managers. No beach fill or beach
enhancement will occur, historic shoreline migration will cause increasing damage to structures. Houses
will be destroyed or removed. Flood insurance is available, and generally covers damage and removal.

It is important to note that the No Action alternative is a departure from past management practices, which
include current beach maintenance activities before and after storm events and interim beach re-grading.
Because this option involves no further significant action on the part of the state, it is considered the
baseline for purposes of the benefit cost analysis. That is, the benefits and costs of the nourishment and
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retreat options are considered relative to the No Action alternative in which the state ceases all
management activity. The expected outcomes for the No Action scenario include:

e Compared to current levels, houses are lost over time due to beach erosion and flooding. Some
communities lose all houses, others only a portion;

e There are minor costs for clean-up and debris removal; and,

o Compared to current levels, recreational benefits are lost by both Bayshore community residents
and visitors, reflecting the reduced recreational value of smaller beaches, and the smaller
population of residents.

The following describes each of the management scenarios developed for this study as well as expected
outcomes from the defined actions. It is important to note that the economic analysis treats these
changes as a baseline condition. Hence, all outcomes, benefits and costs for the nourishment and retreat
scenarios are measured relative to those which would occur under No Action.

MANAGEMENT SCENARIOS
BEACH NOURISHMENT - Scenario 1

With this scenario, a beach-dune system would be constructed and widened based on the
recommendations in the Management Plan (PBSJ 2010). The beach/dune design for this system is
intended to provide 10 years of protection from beach erosion at the 10-year storm elevation.

The expected outcomes for beach management scenario, relative to No Action, include:

e Houses are protected and maintained (to design criteria);

e Flood/erosion benefits are gained for owners (damages avoided);
e Recreational benefits are increased for owners and visitors; and,
e Government bears cost for protection.

The Beach Nourishment scenario is shown in Figure 3.1.

Beach Nourishment

Community

Beach/Dune System Proposed
by Management Plan

Future
Shoreline

N

Existing Dune
. Existing Beach

Figure 3.1: Depiction of Beach Management (Scenario 1)
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RETREAT

The retreat scenarios represent shoreline adaptation approaches currently being recommended by
coastal hazard mitigation planners at FEMA and other resource agencies. Two versions of the retreat
option reflect different timing in acquisitions and different amenities (beach width) for the public. The
Enhanced Retreat Scenario involves earlier purchase and removal costs to maintain a wider beach than
the Basic Retreat Scenario, which maintains current beach width.

The expected outcomes for strategic retreat scenarios relative to No Action include:
o Houses (select) are removed systematically;
e Loss of housing structures is greater than under the No Action alternative (relative to 2011
numbers, some communities lose all houses, while others lose only a portion);
¢ Flood and erosion benefits are gained for public (damages avoided);
¢ Recreational benefits are gained from maintained or increased beach widths; and,
e Government bears the costs for removal of homes and compensates owners for lost home value.

Basic Retreat — Scenario 3

For this scenario, the current beach width is maintained. Structures that currently occupy the beach are
purchased and removed. As additional shoreline migration occurs, additional structures are removed to
maintain this beach width. This strategic retreat scenario provides for current recreational beach benefits
into the future and a sequential removal of structures over time based on projected erosion rates. The
Basic Retreat scenario is shown in Figure 3.2.

Basic Retreat

Clear Structures to Maintain
Desired Beach Width

Future 2011
= =] Shoreline S lin
- .

Maintain Existing Beach
Width as Shoreline Migrates

Figure 3.2: Depiction of Basic Retreat Scenario (Scenario 3)
Enhanced Retreat — Scenario 2

For this scenario, the proposed beach width from the Management Plan (PBSJ 2010) is constructed.
However, it is built from the existing waterline back towards the community. Structures within the beach
footprint are to be proactively purchased and removed. The desired beach width is reestablished over
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time as the shoreline migrates. The 10-year beach width is used for each ten year increment of shoreline
migration based on the calculated erosion rate for each community. This scenario provides for early
removal of structures and a large (relative to basic retreat scenario) recreational beach for users. The
Enhanced Retreat scenario is shown in Figure 3.3.

Enhanced Retreat

Clear Structures to Maintain
Desired Beach Width

Future
o=l L1 1777 Shoreline

Maintain Beach Width |
Proposed by Management

Plan as Shoreline Migrates

Figure 3.3: Depiction Enhanced Retreat Scenario (Scenario 2)

The economic analysis will quantify these outcomes and identify the distribution of benefits and costs to
various stakeholders.

3.3 Approach to Economic Analysis

The economic analysis identifies and quantifies potential net benefits of the previously described
shoreline management scenarios. Net benefits are defined as predicted benefits minus costs in each
management scenario, relative to those predicted under No Action. The analysis reports these benefits
and costs independently for each community and combined for each management scenario (benefits and
costs aggregated over all communities). In order to complete the analysis, necessary data were collected
to develop cost projections for each scenario for each community. In addition, the team determined
(through a stakeholder and technical team assessment) the range and types of benefits that could be
associated with the proposed management scenarios. Data were then collected and models were
estimated to determine the magnitude of these benefits. In addition, DNREC conducted a focused public
information and outreach effort throughout the evaluation to inform the stakeholders on the methods,
results, and outcomes of the analysis.

This section summarizes the data collection, modeling, and public involvement approaches and results for
the analysis. The section provides key highlights while detailed results (tables, models, figures, reports)
are included in the Appendices.

February 2014 FINAL Approach to this Study 3-5



Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

3.3.1 Conceptual and Theoretical Foundation for Benefit Cost Analysis

The economic analysis is grounded in established methods for benefit cost analysis (BCA). This is the
sub-field of economics designed to quantify effects on social value and human welfare (Boardman et al.
2006; Hanley and Barbier 2009). BCA is designed to estimate the full range of (significant) economic
costs and benefits associated with management or policy actions. BCA also accounts for the time value
of outcomes—that people tend to value outcomes in the present more than otherwise identical outcomes
in the future. Although economic costs and benefits are often associated with the exchange of market
goods, economic analyses of projects and policies also includes changes in benefits from goods and
services not bought and sold in markets (nonmarket benefits). These include the benefits received by
individuals who use coastal resources in ways that are not directly reflected in market transactions (e.g.
by visiting a beach).

It is important to recognize that economic benefits are assessed only in comparative terms, relative to a
well-defined baseline. They reflect the well-being of one or more individuals, such that the “economic
value of a policy change is defined by the amount (either positive or negative) of compensation that an
individual would need in order to be as well off (by his own reckoning of well-being) as he would have
been without the policy-induced change” (Bockstael et al. 2000). Here, the baseline reflects what would
occur under the No Action scenario described above, or what would occur were the State to take no
further action to manage the coastline. That is, the benefits calculated for each of the three management
scenarios are NOT relative to those that are realized today under current beach widths, but rather reflect
the difference in discounted future benefits between each strategy and a baseline of No Action. So, for
example, the change in housing services under a particular management scenario reflects the relative
number of Bay community houses that remain habitable each year under each scenario (e.g.,
nourishment) relative to those that would remain habitable each year under No Action.

Individuals or firms may realize economic benefits and costs. For individuals, benefits are generally
measured as the maximum amount of other goods or services that the individual is willing to forego or
give up in order to obtain the outcomes resulting from the policy in question. This reflects the individual’'s
willingness to pay (WTP) for the policy change. Alternatively, benefits may be measured as the minimum
amount that an individual would be willing to accept (WTA) in exchange for giving up a good or service
that he/she already owns. Economic costs, in turn, reflect the value of goods or services foregone as a
result of the policy. For example, government costs for materials and supplies (e.g., the cost of sand for
nourishment) are measured as economic costs because they reflect opportunity costs (resources that
cannot be used for other purposes). In many cases, these opportunity costs can be measured using the
cost of obtaining materials and supplies at market prices.

Economic benefits or costs, therefore, are a reflection of tradeoffs; what individuals or groups are willing
to (or must) give up in order to obtain something else. When measuring benefits and costs, it is important
to recognize the distinction between total net benefits (all benefits minus all costs) and the distribution of
net benefits. Policies that generate greater combined net benefits do not necessarily benefit all groups
equally. For example, the net benefits of beach management scenarios realized by bayshore
homeowners are different from those realized by those who do not own homes in these communities.
Policymakers may also wish to consider the impacts on equity, or the distribution of net benefits across
groups. The following analysis quantifies both total net benefits and the distribution of these benefits
across various groups, where possible.

The specific methods used to estimate economic benefits or costs depend upon the resources, goods, or
services of interest. Boardman et al. (2006), Freeman (2003) and Holland et al. (2010) provide a
summary of these methods. For example, recreation demand models provide a means to assess the
demand for resources used for recreation, and to estimate the value associated with their use (Bockstael
and McConnell 2010). Resources such as beaches are usually open to the public free of charge or for a
nominal (e.g., parking) fee; the lack of free-market price information prevents value estimation using
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market methods. This is the situation at the seven Bay beaches. However, individuals do engage in
costly travel and other observable behavior in order to obtain recreation benefits, in addition to paying any
additional costs of parking, access, etc. Data on these behaviors reveal recreationists’ willingness to
tradeoff costly travel, time and resources to obtain recreational experiences at particular sites, and can be
used to estimate associated economic values under alternative conditions (Bockstael and McConnell
2010; Freeman 2003; Holland et al. 2010; Parsons et al. 2013). In contrast, the value of housing services
lost due to beach erosion can be calculated based on current property values, under the assumption that
current market prices reflect the capitalized flow of future benefits expected from a house (Bockstael and
McConnell 2010; Freeman 2003; Holland et al. 2010; Kuminoff and Pope 2010; Kuminoff et al. 2010).
From any property value (e.g., an observed market price), one can in principle calculate an equivalent
annualized value, reflecting the expected average service value per year that should lead to that
observed price, at a particular discount rate. When a property is lost to erosion, the housing service value
from that property is truncated at a particular point in time rather than continuing in perpetuity. One can
use estimated annualized values, combined with the information on the discount rate and anticipated year
of structure loss, to estimate the value of the lost housing service flow.* Although different measurement
methods are applied depending on the type of value considered (cf. Freeman 2003; Champ et al. 2003),
all of these measurements can be traced back to similar underlying concepts of economic value (e.g.,
WTP for consumers). This enables economic benefits and costs to be aggregated and compared in a
meaningful way.

The general rules for aggregation of benefits and costs within BCA, along with steps to avoid double
counting and other potential biases, are well-established in economic literature and government principles
and guidelines (U.S. Water Resources Council, 1983; Boardman et al. 2006, Brouwer and Pearce, 2005;
Moore et al. 2013; Harberger and Jenkins, 2002; and Oates, 2006). BCA is grounded in an established
theoretical foundation that determines what should be counted (and what not counted) when quantifying
net benefits, along with an associated set of methods that measure economic costs and benefits in a
variety of conditions and for a variety of groups. These theoretical underpinnings provide a consistent
interpretation to economic measures of benefit or cost, and allow these measures to be compared and
aggregated (Boardman et al. 2006; Just et al. 2004). This framework also enables economists to
distinguish between economic impacts or transfers and true economic benefits or costs. Only the latter
are appropriate for inclusion within BCA. For example, a simple payment from one party to another (e.g.,
government payment to an individual) is a transfer rather than a net benefit. That is, it represents a cost
to one group and a benefit to another, such that the net benefit is zero. For the same reason, changes in
tax payments do not represent a net benefit.

3.3.2 Identifying Cateqgories of Benefits and Costs—BCA Matrix Analysis

Given limitations in the time and money available for BCA, it is typically impossible to measure all
possible benefits and costs from a given project (no matter how small or unquantifiable). As a result, all
BCAs must make initial decisions regarding which benefits and costs (1) can be quantified based on
available methods and data, and (2) are likely large enough to warrant attention. Benefits and costs that
are very small and likely immaterial to the final outcome are typically left unquantified. To determine
which benefits should be quantified in present analysis, the team developed an initial matrix of potential
resources to be valued for the benefits assessment. This was done as a preliminary step in the BCA.
Benefits were separated into broad categories such as those associated with changes in recreation,
housing services and other ecosystem services. The matrix also included economic impacts that are not

4 Although there are many assumptions implied by this approach, it provides one way to approximate the change in housing service
values based on observable information. It is also possible to estimate these values using hedonic property value models that
estimate the change in property price related to a change in flood risk or beach width (cf. Parsons and Powell 2001). Where
feasible based on available data, models that account for property value changes over time (e.g., in response to beach width) are a
preferred approach.
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included in BCA, but might be of interest to policymakers (e.g., effects on tax revenues). The team
(comprised of economists, scientists, planners, engineers) prepared a comprehensive list of these likely
benefits based on experience and the scientific literature. A workshop was then conducted to help
determine which of these benefits were likely significant issues for the Bayshores analysis. Attendees
included DNREC staff from a variety of departments as well as other stakeholders and resource
management agencies (such as the counties, municipalities, DelDOT, US Fish and Wildlife Service,
Department of Economic Development, Partnership for the Delaware Estuary, Center for Inland Bays,
and others). This initial matrix is included as Appendix B.

As a result of the workshop, the group reached consensus on the potential categories to be evaluated as
part of the study. Selection criteria included potential economic and impact magnitude, economic and
impact significance, and existence, availability and reliability of physical, bio-physical and economic
relationships and information. A copy of the final matrix is also included in Appendix B.

The group determined that the following possibly significant economic impacts and benefits could be
measured based on the management scenarios proposed and the geographic setting:

¢ Recreation — changes in use and economic values
¢ Hazard Damage Reduction — Flood, Erosion — changes in housing services
e Taxes — Revenues

In addition, the BCA includes direct costs to the State related to sand, disposal, demoalition, etc. The
study team used these categories to complete data collection, develop information and estimates and
conduct analyses focusing on these potential economic benefits. Table 3.1 summarizes the specific
categories of benefit and cost quantified by BCA, the way they are quantified, and the economic intuition
underlying their interpretation as a valid measure of benefit or cost. Note that taxes and revenues are
excluded because they do not represent well-defined measures of economic benefit or cost, as detailed
above.
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Table 3.1. Categories of Benefits, Costs and Transfer Payments Considered

BENEFIT,
COST OR HOW MEASURED DESCRIPTION AND ECONOMIC INTERPRETATION

TRANSFER

Sand. Fill and Change in costs pgud by

" the State. Quantified .

Demolition : . These reflect the opportunity cost of resources used for management.

using predicted market

Costs

costs.
. Change in the net . These reflect gains or losses to homeowners related to the continued

Housing present value of services . . . )

. ) existence of a housing structure into the future. According to
Service received from homes, as . S
Benefits reflected in propert economic theory, equilibrium property values should reflect the
values property capitalized present value of expected future housing services.
Change in the net
present value of beach Beach recreation generates non-market use values. These values can
Recreational recreation, quantified be quantified using consumer surplus, defined as the difference
Benefits using changes in between what an individual would be willing to pay for beach
discounted consumer recreation and what is actually paid in travel and access costs.
surplus.
Changes in beach management can influence the likelihood and
. severity of flood and erosion damage to homes. This is in addition to

Flood and Change in net damages . . .

. . homes that are entirely lost. The true relationship between damage

Erosion to homes (repair and . .

Damages replacement costs). costs and the W|II|.ng.ness to pay to avqld flood damage (a true
measure of benefit) is generally undefined, although these are
sometimes interpreted as an approximation of benefit losses.

Housing Payments from the State | These reflect a transfer payment from the State to homeowners. That

Acquisition to homeowners to is, for each $1 paid by the State, $1 is received by homeowners; these

Payments compensate for lost payments are a simple transfer of funds from one group to another,

(Transfer) housing services. the net benefit of which is zero.

The treatment of housing services (related to the outright loss of homes) and flood damages (related to
damage to homes that are not lost) warrants additional explanation. Strictly speaking, both of these
reflect (in some sense) changes in housing services — or the value of homes to residents. In general, the
most appropriate way of calculating total predicted changes in these services would be a hedonic
property value analysis that would estimate the combined change in housing value under various
scenarios (where total property loss would generally cause a 100% loss in value). Such an analysis was
infeasible here due to time and funding constraints. Hence, we approximate these effects using a
second-best approach that first quantifies housing services lost when an entire structure is lost, and then
quantifies additional flood damages to houses that remain standing in any time period. The latter
estimate is based on the strong assumption that housing damages (i.e., the costs of repair) provide an
approximation of housing services lost. Unfortunately, housing damages (e.g., as calculated using FEMA
Standard Values) rarely if ever reflect the true change in housing services, and the relationship between
damages and housing services is usually impossible to derive (Holland et al. 2010). Hence, at best,
housing damages (or damages avoided) represent a crude approximation of the change in housing
services due to temporary flooding that does not entirely destroy a home. However, this estimate was the
best possible in the present case.

The quantitative analysis also omits certain categories of benefit or cost that, while likely to occur at some
level, are unlikely to be large. For example, active shoreline management could affect valued ecosystem

February 2014

FINAL Approach to this Study 3-9




Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

services such as the provision of wildlife habitat. Areas of the bay shoreline play unique and essential
roles in supporting a diversity of high value species — horseshoe crab, migratory birds, etc. However, the
workshop determined that effects on such service values would likely be small relative to the primary
benefits and costs quantified in this report, because the habitat areas lost would be a very small
proportion of all statewide habitats for affected species. This is due to the nature and scope of the
management scenarios (relative to No Action) and the physical setting for each community. As a result,
changes in these ecosystem service benefits would be unlikely to influence the overall results of the
analysis in any meaningful way.

3.3.3 Data Collection

The data collected for this study are an important product for DNREC as the data have many applications
for future shoreline management scenario assessments and other DNREC planning needs in the
bayshore area.

A variety of data, both existing and new sets developed as part of the study, was used to conduct the
economic analysis. The data, when appropriate, was inventoried in electronic format for DNREC use for
this study and other future uses.

Types of data used include:

e Photography

e Elevation/Topographic Data

e Shoreline Erosion rates

e Beach Widths

e  Structure Inventory

e Base Flood Elevations

e Beach Visitations

e Natural Resources (Wetlands, Floodplains, Waters, etc.) Mapping

The following sections provide additional details on the data collection and results of the data
development tasks for the study.

3.3.3.1 Photography

Aerial photography was integral to the analysis. The latest photography from NAIP (2011) was used as
the basis for current condition/baseline analysis and comparison. Historical aerial photographs dating
back to approximately 1932 were used to identify trends.

As part of the structure inventory, described in a later section, a ground level photograph was obtained for
every structure included in the analysis. Additional photographs of structures, site conditions, waterfront
structures, access roads and local infrastructure was also obtained as part of the study.

3.3.32 Structure Inventory Database

Integral to the analysis is the location, type, and characteristics of the structures located in the study area.
The inventory was based on defining the limits of the study for each community and subsequently locating
and collecting information on each of the structures within those limits. For purposes of this study, the
limits included all land within the mapped FEMA floodplains around each community and along access
roads to the communities.

Structures were identified on the 2011 aerial photography and their footprint digitized on mapping and the
footprint size calculated using GIS programs. Additionally, 3-D location information was collected for all
structures in the study area using mobile LiDAR technology. Figure 3.5 shows the vehicle-mounted
mobile LiDAR and equipment. The LiDAR collects x, y, z coordinates (geospatial) for all features within
range of the equipment. From this data the number of homes, number of floors and type of construction
could be accurately determined.
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Figure 3.4: Mobile LIDAR Vehicle and Equipment

In addition, the team collected specific data on each structure from county records regarding ownership,
square footage, foundation type, tax value, assessed value, age and other features. The results of the
data collection have been integrated into a comprehensive database linked to GIS so various data sets
may be geospatially displayed. The database and several images generated from the data have been
provided in a separate submittal to DNREC in electronic format so future assessments and evaluations
may be completed. A copy of the database structure is included as Appendix F.

For the 1,643 Potential Impacted Structures the following data was collected for each structure:

e Square footage

e Foundation type

e Finished (first) Floor elevation

o Estimated grade elevation

e Flood Zone/BFE for all management scenarios
e Assessed value for each management scenario
e Market Value

e Ownership

e Photographs

3.3.3.3 Elevation/Topography

Using the mobile LiDAR technology, we collected elevation data within each community. The mobile
LiDAR was mounted to a vehicle and captures data within a defined distance of the vehicle. The team
collected the elevation data and only processed a portion of the data necessary for this study. The
information collected may be converted to a Digital Elevation Model which was not necessary for this
project, however, the data has been provided to DNREC for their use as needed.

For the economic analysis, the following data was extracted from the extensive elevation data set:

¢ Road profiles for the access roads into each community along their centerline
o First floor elevation point for each structure

Ground elevation point for each structure was taken from State of Delaware aerial LiDAR data set.

Figure 3.6 depicts point cloud elevation data for example structures in the study area. The purple point
represents an example elevation point used in the analysis. The elevation data for each structure was
included in the database.
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Figure 3.5: Mobile LiDAR Point Cloud Data
3.3.3.4 Floodplains

Floodplain mapping was collected from DNREC and FEMA for this study. The existing floodplain limits
and elevations were used for this assessment. In addition, sea level rise projections provided by DNREC,
were evaluated for the potential impact to flood elevations in the evaluation. The floodplain limits and
elevations are noted in various figures throughout this report.

3.3.3.5 Shoreline Erosion

For the shoreline erosion assessment, current beach widths were calculated from aerial imagery.
Projected beach widths were determined based on erosion rates. The width of beaches was measured
using GIS software. The beach width calculations are included for each community and for each
management scenario in Appendix G. Based on the projected shorelines over the study period; the team
calculated the number of structures lost to erosion for each community and for each management
scenario. The results are included in Appendix G.

3.3.3.6 Data for Recreational Values Assessment

The bay beaches provide residents and the broader public with recreational opportunities. Each of the
scenarios involves changes in bay beach quality (width) that has a direct effect on public welfare. To
estimate these changes, the analysis quantifies the changes in recreational beach use through time for
two defined populations (bayshore community residents and non-residents).

The models for measuring recreational benefits depend on projected changes in beach widths and
number of houses in each of the communities. This analysis method requires generation of the following
base data:

e Beach widths for each scenario
e Number of houses in the community under each scenario at set points in time

The analysis used recent survey information of bayshore beach use and values from a University of
Delaware study (Parsons et al 2012, 2013) and additional analyses and depended on benefits transfer
values from other studies specifically from the University of Delaware that determined recreational beach
benefits based on trips by owners and non-owners compared to beach widths.

The approach and methods to determine recreational values from each management scenario is
described in detail in Appendix E.
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3.3.3.7 Data for Housing Services Analysis

The housing services analysis, detailed in Chapter 5 and Appendix D, required and generated a
substantial quantity of data related to predicted housing (structural) losses and damages due to flooding
and erosion under each management scenario. In addition, a variety of models were developed to predict
current market prices for affected structures and to convert these prices into equivalent annualized values
of housing services. Data were also collected to quantify monetary damages under various scenarios (for
houses not suffering a 100% loss) using FEMA Standard Values. Additional details on the flood and
erosion assessment is provided below.

3.3.4 Data Collection Inventory

Mapping, tables and images of data collected for each community is included as Appendix H. Various
images are included in Appendix H such as road profiles, LIDAR area coverage, beach width/erosion
estimates, structures in floodplains below flood elevation and structures lost in each management
scenario.

3.4 Modeling

An integral element of the assessment was determining the impacts from flooding, coastal wave energy,
and shoreline erosion. The project team performed a series of modeling exercises to generate
information necessary to determine the damages (i.e., costs or benefits) associated with these natural
hazards. The models assessed the impacts for each management scenario for each community. This
section provides an overview of the modeling approaches. Refer to Appendices D and E for a more
detailed discussion of the modeling and the results.

3.4.1 Flood and Erosion Impact Assessment

Flood and Erosion (Hazard) impact assessment methodologies are detailed in Appendix D. To determine
benefits from flood/erosion (hazards), flood hazard modeling was necessary to determine damages to
structures for each scenario under a variety of flooding regimes. Coastal wave modeling was necessary
to determine effects on each scenario from wave height/energy reduction and its impacts to structures.
Furthermore, shoreline erosion rates were modeled to determine damages caused by erosion. Data such
as number of structures lost and saved and beach widths were calculated as part of the modeling.

The flood/erosion hazard assessment approach is summarized in the following diagram Figure 3.7:

Step 3: Apply Step 4: Calculate Range
Stip 2: Comalle Flood Elevations Of Damages
Step 1:Create And Incorporate And Erosion il 4
Property/Structure —>» PR » Hazard Areasto |- 'll”“ er, ‘-'FJ*?':” f
Database SR PEEE Structures under replacement value o
Various Event structuTes d§r11 aged
Scenarios _} * Population Displaced

Figure 3.6: Flood Damage Assessment, Methodology Overview

Specifics on each modeling effort is described in more detail in Appendix D and summarized in the
following sections.
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Due to the nature of this study and the presence of multiple combinations of damage types, storm event
frequencies, management alternatives, project conditions, planning periods, significant generation and
compilation of flood damage frequencies was required. Figure 3.8 illustrates how these combinations
result in the evaluation of more than 210,000 damage frequencies.

Per Structure
(1,643 structures across 7 communities)

¥
Two Damage Types

(Structure & Contents)

¥

Per Event Frequency
(0.2%-, 1%-, 2%-, 10%-annualchance)

2

Per Management Alternative
(Alternatives 1 - 4)

¥

Various Project Conditions
(e.g. pre-buyout vs. post-buyout, pre-
nourishment vs. post-nourishment, etc...)

.4

Year
(2011, 2021, 2031, 2041)

\ 4

More than 210,000 Flood
Damage Frequencies

Figure 3.7: lllustration of Flood Damage Frequency Aggregation

3.4.2 Flood Hazard Modeling

Flood hazard modeling was conducted for each community under each scenario. Flood hazard modeling
predicts flood hazard elevations for various frequency storm events. The elevations are then projected
onto existing structures and compared to the first floor elevations to determine the magnitude of flooding
impacts on a structure.
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Key data used in the flood damage assessment modeling included:

e 1,643 structures: Structure Inventory Database

o 0.2%-, 1%-, 2%-, and 10%- Annual Chance Stillwater Elevations (also known as the 500-, 100-,
50- and 10- year storm events): 2011 Draft Storm Surge Study Data

e Aerial Imagery: 2011 NAIP Data

e Topography: Delaware Coastal Program LiDAR

o Kent: Collected March 31 — April 7, 2007
o Sussex: Collected March 1 — March 31, 2005

e Others Including: Historical Erosion Rates, Sea Level Rise Projections (DNREC), 2011 Damage
Frequency Functions (FEMA)

Modeling outputs from the flood damage assessment can be displayed with 3-D images to geospatially
depict hazard magnitudes and location. Figure 3.9, below, illustrates an example of model outputs for
one management scenario in one community.

Firwl s Floesd
[y T

imes B 1
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454

Delaware Bay Shore 1%-Annual-Chance Stillwater First Floor Flood Depths {2011 Conditions)
B Al Bowers Beach & South Bowers, DE

Figure 3.8: Flood Modeling Results Sample

To determine flood damages, flood risks must be identified and quantified. To characterize flood risks in
the No Action and two retreat scenarios, this report uses wave modeling results developed in 2011 as
part of FEMA'’s Atlantic Coastal modeling project. This previous modeling assumes that topographic
profile signatures shift inland, but remain typically unchanged under natural shoreline recession. Further,
none of these alternatives involved modification to the natural beach berm and dune elevations. Modeling
results are adjusted inland based on corresponding shoreline change rates.®

All three of these scenarios involve structure removal — either through buyout or unmitigated erosion — of bay front buildings
within predetermined zones. While the presence of buildings is accounted for as an obstruction to wave propagation in the
wave hazard modeling, it was found that none of the buildings that will be potentially removed contributed to reducing wave
heights from =2 1.5 ft. to <1.5 ft.
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The nourishment project provides protection to structures from erosion and the wave impacts against one
10-year storm event. Wave hazards are decreased in the presence of the nourishment project because
the additional berm and dune fill reduces the severity of the event-based erosion modeled for the 2%-,
1%-, and 0.2%-annual-chance flood events (also known as the 50-, 100-, and 500-year storm events
which are typical storm frequencies modeled for flood hazards and typically mapped by FEMA). The
eroded profile dune crest is higher than unnourished beach conditions which causes wave breaking and
prevents larger waves from propagating inland.

Despite this protection, the team assumed that the communities near the nourished beaches will still be at
risk for flood inundation during the 10%-annual-chance flood. By design, the volume of sand in the dune
and berm will erode over a 10-year period, resulting in the protection afforded by the berm and dune to
decrease as the berm narrows. The flood hazard modeling accounts for the changing level of protection,
by determining wave hazards for each year of the 10-year cycle. It was assumed that the dune and berm
eroded one-tenth of their width on an annual basis so that after ten years the profile approximated 2011
conditions. Figure 3.10 shows an example of the change in modeled profile geometry over time with Year
0 depicting the fully built out post-nourishment equilibrated conditions and existing (i.e., present day)
conditions reflected by the 2011 line.

While the nourishment project was only designed to provide protection from the 10%-annual-chance-
flood, benefits of the project will be observed for some reaches of coast for the 2%- and 1%- annual
chance flood events as well. Its protection is evident in the wave hazard classifications changing from
wave heights = 1.5 ft. to <1.5 ft. The nourishment project did not however provide any additional
protection from waves for the 0.2%-annual-chance flood.

Details of the flood hazard modeling methods and results are included in Appendix D.
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Figure 3.9: Wave Hazard Modeling Sample Profile

Note: “Year 0” profile is based on design from PBS&J, 2010
Coastal Wave Modeling

Coastal wave modeling is necessary in the flood damage assessments to determine the benefits gained
from reduced storm surge and wave heights/energy resulting from each management scenario.

Wave modeling approach overview:
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e Performed 1-dimensional wave modeling
e Constructed 27 coastal transects across all seven communities
o Designated each structure with wave hazards of <1.5 ft. vs. 2 1.5 ft.

The following figure (Figure 3.11) illustrates wave-modeling considerations:

A rrr——————— e i
31> ft Wave height > 151t 151t > Wave height
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Shoreline Sand beach Buildings Owerland Vegetated Limit of SFHA
wind fetch region

Figure 3.10: Coastal Wave Reduction lllustration

Erosion Modeling

Erosion modeling is the basis for projecting how beaches encroach on community structures. It
underpins the estimates of lost housing services and the number of properties that need to be acquired in
the retreat scenarios. Overview of the erosion modeling approach:

e Focused on “lost housing services” (number of structures removed and their market value).

o Without erosion, housing services accrue in perpetuity on an annual basis.
o With an eroding shoreline, housing services accrue up until the point in time when the parcel
is lost.

e This effect has been calculated using:

o Estimates of today’s market value of properties
o Property projected loss year
o Discount rate applied

¢ The mathematical expression for the loss for each parcel reduces to Sum M/(1+r)n:

o M =market value of parcel
o n=year of loss (n=1 for the 1st year, 2 for the 2nd year, etc.)
o r=the discount rate (4%, or .04 in this evaluation)

Figure 3.12 is an illustration of 2021, 2031, and 2041 projected shorelines and erosion hazard areas.
Example from Pickering Beach, DE based on historical shoreline change rate of -4.9 ft. per year. These
projections are applicable only under an assumption of zero human intervention and are applied in
evaluation of Alternatives 2, 3, & 4. Refer to Appendix D for a more detailed discussion.
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Figure 3.11: Shoreline Migrations Projection Example
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3.4.2.1 Structures Lost

Identification of which structures were lost at particular times for each scenario was necessary for the
analysis. A consistent method for determining lost structures was necessary for the analysis.

Figure 3.13, below, depicts a common scenario and method for determining if a structure would be
identified as lost for that modeled scenario. The structure is considered lost if the projected shoreline is in
contact with the structure. Each structure is counted as lost only one time per scenario, in the earliest
shoreline projection where the structure is lost.

Figure 3.12: Example Structure Loss Determination
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4 Management Scenarios — Implementation Effects
and Costs

This chapter describes the costs of implementing the management scenarios assessed in this report. In
detailing each scenario, the chapter first describes the key assumptions and actions of each management
option, as well as the management costs incurred by the State. All costs are reported relative to the
scenario of No Action as the baseline condition. That is, the costs represent the difference between no
action and a specific management strategy.

The three scenarios center on management strategies that respond to the risk of coastal hazards. The
nourishment scenario (Scenario 1) entails construction and maintenance of shore protection as described
by the Management Plan for the Delaware Bay Beaches (PBSJ 2010). This scenario is based on a 10-
year beach nourishment plan that would protect the existing properties in the seven bay beach
communities, as well as preserve or enhance current recreational opportunities. The other two
management scenarios (Basic Retreat and Enhanced Retreat) involve staged retreat from the shoreline.
Under these options, the shoreline is allowed to follow its natural course of erosion and migration. As a
method to maintain certain beach widths, the State would buy and demolish structures to facilitate the
community’s retreat from the shoreline. While retreat reduces the housing stock, it supports and
potentially enhances recreational opportunities (by maintaining a wider beach than under No Action). The
two retreat scenarios (Scenarios 2 & 3) differ in the aggressiveness of a community’s adaptation to
shoreline changes. The Enhanced Retreat Scenario would involve a quicker and more extensive retreat
from the shoreline through the acquisition and demolition of homes in all seven bay communities since it
requires a much wider beach width than the Basic Retreat Scenario. With this approach, coastal erosion
would be allowed to occur at its natural pace and represents the point from which the beach width is
measured.

The evaluation assesses these strategies against a scenario where the State takes no action to actively
manage the shoreline. This no action scenario serves as a base case against which the economic
impacts of the three active management scenarios are evaluated.

Table 4.1 summarizes the management scenarios considered in this economic evaluation. Further
details of the conceptual design and implementation of these management alternatives are provided in a
memorandum titled, Delaware Bay Economic Analysis - Selected Management Alternatives (DNREC,
2011).
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Table 4.1: Summary of Management Scenarios’
SCENARIO DESCRIPTION

State undertakes no action to manage shoreline erosion and flooding
¢ No mitigation of flood or erosion damages to Bayshore properties.
e Limited costs to government, mainly clean/demolition.

No Action—Baseline
(Scenario 4)

Construct and maintain shore protection following a 10-year design as described in the
Management Plan for the Delaware Bay Beaches

(Bse::r:\a::gt:r)ishment e Front Bayshore properties protected against flood and erosion damage.
e Beach recreational opportunities preserved and enhanced.
o Direct costs for the State in undertaking beach nourishment activities.

Strategic retreat designed to clear and conserve beach widths consistent with current

Basic Retreat conditions
(Scenario 3) o Direct costs for the State in property buyout and demolition.

e Beach recreational opportunities preserved.

Strategic retreat designed to clear and conserve beach widths comparable to 10-year beach
Enhanced Retreat nourishment design outlined in the Management Plan for the Delaware Bay Beaches

(Scenario 2) o Direct costs for the State in property buyout and demolition.
e Beach recreational opportunities preserved and enhanced.

4.1 No Action Baseline (Scenario 4)

Under this baseline scenario, the State would take no action and would allow the coastline to follow its
natural process. In the absence of active investments, the Bayshore communities would be increasingly
exposed to coastal hazards, such as coastal flooding, storm surge, erosion, and sea level rise. The
model projects that without action communities would face property loss® and diminished or lost
recreational opportunities relative to current levels. In addition, coastal environments such as beaches,
dunes, and marshes would be threatened.

This scenario is considered the baseline for the BCA, because it represents what is forecast to occur in
the absence of any State retreat or nourishment action. As a result, the net benefits of Scenarios 1
through 3 are calculated relative to those changes that would occur under the No Action scenario. The
management costs for the No Action scenario are minimal as expected. The State bears the burden of
the costs due to clean up and demolition of structures destroyed by coastal erosion. The unit cost of
demolition is estimated to be $7 per square foot of structure demolished’. Over the study period,
demolition costs would amount to approximately $600,000. Table 4.2 reports these estimated demolition
costs by community. These estimates do not include the cost of demolition of public infrastructure such
as roads or bridges. Most of the costs are concentrated in three communities where the number of
expected lost structures is highest (Pickering Beach, Kitts Hummock and Broadkill Beach).

® For ease in presentation, the management scenarios are not presented in their initial number sequence. The scenarios are
reported in early reports using the numbering sequence so reference to those numbers has been retained for ease in reference to
support documents and tables.

® Flood insurance is available and generally covers damage and removal of homes affected by shoreline migration.

7 Unit costs are based on recent demolition projects for two and three story houses received by DNREC.
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Table 4.2a: Structure Loss and Demolition Costs under a No Action Baseline

Community SExisting Lost Demolilion_ Cost
tructures Structures (PV, $mill)
Pickering Beach 43 38 $0.15
Kitts Hummock 114 31 $0.12
Bowers 325 4 $0.03
South Bowers 69 3 $0.03
Slaughter Beach 308 0 $0.0
Prime Hook 185 4 $0.04
Broadkill Beach 599 49 $0.23
Total 1,643 129 $0.6

Notes: Costs are the present value of the stream of costs aggregated across 30-years (from 2011 to 2041) and discounted at 4%.

Table 4.2b illustrates the distribution of these housing losses by decade, with losses predicted for 2011-
20, 2021-2030 and 2031-2040. These results are necessary to compare the loss of structures (and
hence housing services) under each management scenario to those that would be lost under No Action.

Table 4.2b: Housing Service Loss under the No Action Baseline

‘ Structures Lost

Community sﬁﬂgﬂ.‘:gs 2011- 2021- 2031- Percent of
2020 2030 2040 Total |~ oxisting
Pickering 43 2 14 22 38 86%
Kitts Hummock 114 0 13 18 31 25%
Bowers 325 0 2 2 4 1%
South Bowers 69 0 1 2 3 4%
Slaughter 308 0 0 0 0 0%
Prime Hook 185 0 0 4 4 2%
Broadkill 599 4 12 33 49 8%
Total 1,643 6 42 81 129 7%
4.2 Beach Nourishment (Scenario 1)

The State currently addresses coastal erosion along the bay shoreline through a beach nourishment
program. Beach nourishment is considered a ‘soft’ shoreline stabilization method. It involves
replenishing the sand supply and managing coastal dunes in an effort to offset the natural erosion
process. Elements of this approach include dune creation, restoration and reshaping to reduce the
impact of sand movement on coastal structures (NOAA 2000). lts advantages over a ‘hard structure’
approach® include aesthetic enhancement and closer mimicking of natural processes. The main
challenges/drawbacks to beach nourishment as defined for this analysis are that coastal development
(community residents) may remain susceptible to ocean forces and that this management activity requires
on-going, periodic maintenance with associated implementation costs.

®  Hard structure stabilization includes construction of seawalls, bulkheads, groins, jetties or other solid structures typically to fix

the shoreline in a permanent location (NOAA 2000).
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Under this scenario, beach nourishment would continue in an effort to stabilize shoreline areas. This
scenario builds off of the key assumptions in the State’s 10-year Management Plan for The Delaware Bay
Beaches (referred to as the “Management Plan”). Relative to a No Action scenario, no homes would be
lost over time, and recreational benefits would be preserved.

This option, however, imposes additional costs on the State. JMT, drawing on the Management Plan,
estimated implementation costs for this management scenario. Based on the volume of fill required to
meet the design specifications and frequency in which nourishment works would be undertaken, a unit
cost of $7 per cubic yard for beach fill was used to estimate the total management cost for this strategy.’
This unit cost was used to be consistent with the unit price used in the Management Plan. It takes into
account excavation, hauling and placement of the fill. For comparison and evaluating broad spectrum of
potential costs forplanning funding strategies, alternative unit cost values based on recent completed
projects along coastal beaches of Delaware were input into the estimates.

Table 4.3 reports the estimated nourishment cost by community. All figures are reported in present value
terms, that is they are the aggregated, discounted stream of nourishment cost over the study period (2011
to 2041). The applied discount rate was four percent to be consistent with other analyses in the study. In
total, the nourishment effort would cost approximately $61.7 million dollars (based on the $7 per cubic
yard estimate). However, due to the nourishment activity, the State would no longer bear the demolition
costs incurred under the No Action baseline. Hence, the net cost of this scenario includes the added
nourishment costs, partially offset by the demolition costs which are no longer incurred.

Table 4.3: Nourishment Costs by Community Relative to No Action

Net Cost Demolition _
-

(PV $mill) (PV $mill) (PV $mill) (No.) ($/structure)
Pickering $6.25 -$0.15 $6.4 43 $148,800
Kitts Hummock $7.68 -$0.12 $7.8 114 $68,400
Bowers $4.87 -$0.03 $4.9 325 $15,100
South Bowers $4.57 -$0.03 $4.6 69 $66,700
Slaughter $14.60 -$0.0 $14.6 308 $47,400
Prime Hook $7.26 -$0.04 $7.3 185 $39,500
Broadkill $15.77 -$0.23 $16 599 $26,700
Total $61.10 -$0.6 $61.7 1,643 $37,500

Note: The figures are the present value of the stream of costs and benefits aggregated across 30 years (from 2011 to 2041) and
discounted at 4% and based on $7 /CY unit cost.

Nourishment work would be undertaken to varying degrees in all seven bay communities under this
scenario. As a way of gauging the relative cost intensity of protecting these bay communities, Table 4.3
also reports the costs per structure by community. On average, this strategy costs approximately
$37,500 per protected structure. This ratio, however, ranges from as low as $15,100 at Bowers Beach to
a maximimum of $148,800 per structure at Pickering Beach. The total costs of nourishment tends to be
higher at larger beaches; Slaughter and Broadkill, which are the longest bay beachs, account for nearly
half of the costs ($14.6 and $16 million, respectively). At the same time, the larger beaches also tend to

°®  This unit cost is conservative and most likely underestimates current fill costs. Based on data collected by DNREC resulting

from recent coastal beach nourishment, the unit costs may be significantly higher ($10-$20/ CY)
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have a much higher number of homes that are protected by the management strategy. The concentration
of development protected by the nourishment makes the approach more cost-effective in these
communities.

4.3 Retreat from the Shoreline (Scenarios 2 and 3)

The study considers two management approaches that include community retreat. This approach
includes the removal of structures in advance of shoreline erosion. To implement this approach, the state
would ‘buy out’ identified bay front properties over a 30-year period from 2011 to 2041.

The enhanced retreat (Scenario 2) is more intensive and implemented at a faster rate. The State would
acquire 451 properties. Over half of the buyouts (65 percent) would occur upfront, with the balance
spread over the remaining years. The removal of the structures identified in the initial buyout allows the
beach/dune width to equal the recommended beach nourishment templates for each community. As
additional shoreline migration occurs through erosion, additional structures are removed to sustain the
target beach width.

A basic retreat (referred to as Scenario 3) involves the State buying out 244 properties. The pace of the
retreat matches shoreline erosion/migration through time to maintain the current beach/dune widths in
each community. Over the first ten-year period, 78 properties, approximately 17 percent of the identified
properties, would be acquired and the existing structures removed. As the shoreline changes, additional
properties would be purchased and removed to preserve existing beach width. In the second buy-out
period from 2021 to 2030, 21 percent of identified properties would be acquired, and in the final buy-out
period from 2031 to 2040, 15 percent of the 244 properties would be acquired and the structures
removed.

Table 4.4 shows the number of parcels to be acquired under these two scenarios through time and by
community. For some communities, the share of existing structures acquired and removed is quite
significant. For example, 39 of the 43 structures in Pickering would be removed under the Enhanced
Retreat Scenario (Scenario 2). With only ten percent of the properties remaining, this outcome may seem
dramatic. However, it should be noted that nearly all of these buildings are projected to be lost to erosion
under the No Action Scenario (Scenario 4). In other words, the buyout is informed by, and in response to,
the number of structures that would be lost to erosion if no mitigation or adaptation occurred.

The analysis of lost housing services and State acquisition payments for the two retreat scenarios is
based on the difference in the housing loss under these scenarios and that projected under No Action.
Table 4.4b illustrates these differences by decade. For example, the total housing losses under the No
Action baseline (Table 4.2a) are projected to be 129 over all communities, by 2041. Compared to
projected losses due to structure removal of 244 under the Basic Retreat scenario (Table 4.4a), the
difference is 115 additional homes lost under the Basic Retreat scenario (Table 4.4b). These differences
are the basis for housing service calculations in Chapter 5.
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Table 4.4a: Property Acquisition (Structures Removed) through Time under Retreat Scenarios

Community

Scenario Pickering Huﬁi:s:) ck Bowers Bi%;';':s Slaughter l:_;g':f Broadkill
Current Structures 43 114 325 69 308 185 599 1643

2011 0 0 0 0 0 0 2 2
T | 2011-2020 10 9 4 1 0 1 53 78
=
E 2021-2030 27 18 5 4 0 36 96
© | 2031-2040 1 24 7 2 4 5 25 68
§ Total 38 51 16 7 4 12 116 244

Share acquired 86% 42% 5% 8% 1% 6% 20% 14%
- | 2011 38 52 34 8 5 63 92 292
§ 2011-2020 1 10 4 2 5 0 24 46
% 2021-2030 0 9 2 1 14 0 38 64
§ 2031-2040 0 1 2 1 21 0 24 49
g Total 39 72 42 12 45 63 178 451
w Share acquired 89% 59% 12% 14% 12% 32% 30% 26%

Table 4.4b: Difference in Structures Lost Compared to No Action Baseline

Community
Scenario L Kitts South Prime .
Pickering e Bowers B Slaughter Hook Broadkill
Current Structures 43 114 325 69 308 185 599 1643
- 2011-2020 8 9 4 1 0 1 51 74
®©
% 2021-2030 13 5 3 3 0 6 24 54
T | 2031-2040 -21 6 5 0 4 1 -8 -13
§ Total 0 20 12 4 4 8 67 115
o 2011-2020 37 62 38 10 10 63 112 332
§ 8| 2021-2030 -14 -4 0 0 14 0 26 22
£ & | 2031-2040 -22 -17 0 -1 21 -4 -9 -32
L
Total 1 41 38 9 45 59 129 322

Figures 4.1 and 4.2 show the distribution of property acquisition across communities, highlighting how the
scenarios affect communities differently. With an effort focused on maintaining a community’s current
beach width, a basic retreat has a larger proportion of the structure removal focused on three
communities: Broadkill Beach, Pickering Beach and Kitts Hummock account for 84% of the properties
affected. In comparison these three communities comprise only 64% of the acquired properties under the
Enhanced Retreat Scenario which looks to match the beach widths protected by the nourishment plan.
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Figure 4.1: Distribution of Properties by Community in Basic Retreat Scenario
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Figure 4.2: Distribution of Properties by Community in Enhanced Retreat Scenario

Under the two retreat scenarios the State would pay demolition costs to remove acquired structures. As
above, the unit cost of demolition is assumed to be $7 per square foot of structure demolished. Table 4.5
illustrates the resulting demolition costs. All costs are relative to those which would occur under the No

Action baseline.
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Table 4.5: Demolition Costs Under Retreat Scenarios (Relative to No Action)

Basic Retreat (Scenario 3) Enhanced Retreat (Scenario 2)
Community Difference in Total Difference in Difference in Difference in
Structures Lost Demolition Costs Structures Lost Demolition Costs
(PV, $mill) (PV, $mill)
Pickering 0 -$0.10 1 $0.10
Kitts Hummock 20 $0.03 41 $0.61
Bowers 12 $0.05 38 $0.49
South Bowers 4 $0.02 9 $0.19
Slaughter 4 $0.03 45 $0.46
Prime Hook 8 $0.07 59 $1.25
Broadkill 67 $0.43 129 $1.42
Total 115 $0.53 322 $4.52

Note: All values reported in 2011 dollars. The figures are the present value of the stream of costs and benefits aggregated
across 30 years (from 2011 to 2041) and discounted at 4%.

4.3.1 Accounting for the Cost of Property Acquisitions

In addition to the underlying loss of housing services (a real cost to society; see Chapter 5), there is a
transfer payment from the state to homeowners related to the buy-out of properties. The analysis
assumes that these property owners will be compensated by the State for the loss of housing services,
estimated as a function of the ‘fair market value’ of the selected parcels. However, within BCA this
apparent “cost” is in reality a transfer from the State to affected property owners. That is, these
payments, while paid by taxpayers (or the State), are received by property owners. Hence the acquisition
payments themselves do not reflect a real cost in the analysis, but are rather a transfer from taxpayers to
current Bayshore property owners. In contrast, the underlying loss of housing services (discussed in
Chapter 5) reflects a real cost to society, due to housing structures that no longer exist.

The value of housing services lost due to beach erosion is calculated as a function of estimated fair
market property values, under the assumption that these reflect the capitalized flow of future benefits
expected from a house. Specifically, when one purchases a home, one is purchasing a future flow of
housing services from that home. Homebuyers’ willingness to pay for a property (and hence the fair
market value at any point in time), therefore, reflects the capitalized present value of expected housing
services from that property, from the purchase point forward.” Because fair market values represent the
value of capitalized housing services from a home, the acquisition cost borne by the state at any point in
time (which we assume is made based on fair market value at that time) is exactly equal to the value of
lost housing services when the home is demolished. As a result, we can represent the relationship
between acquisition payments and lost housing services as follows. For any house h acquired and
demolished at time t.

Value of Lost Housing Service (for house h demolished at time )
= Acquisition Payment Made by State (to acquire house h at time )
= Acquisition Payment Received by Homeowner (to relinquish house h at time 1)

" The same approach holds for homeowners who expect to sell the home in the future (at some time t), because they should

expect the selling price at time t to reflect the capitalized housing services fromt —«~. Hence, when the house is sold the
current owner recaptures the capitalized value of all housing services that have not yet been realized at time t.
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That is, for any given home, the payment by the State exactly compensates the property owner for the
lost housing services, because both are measured by the fair market value of properties at any point in
time. For example, assume that the fair market value for house h at time tis given by $FMV/,,.. Table 4.6
illustrates conceptual gains and losses to the current property owner and the State if this house is
acquired and demolished at time ¢.

Table 4.6: Conceptual Gains and Losses When a House is Acquired and Demolished

Group Affected Housing Service Acquisition Acquisition Payment Net Gain or Loss
Loss at time ¢ Payment Made by Received by the
the State at time ¢ Property Owner at
time t

Current Property

Owner -$FM Vs - +SFM Vi 0

State (taxpayers) -- -$FM Vi - -$FMV
Total -$FMV: -$FMV: +SFMVi -$FMVp;

From Table 4.6 above, it is clear that the acquisition payment by the state is not a distinct cost in the
analysis; it is only a transfer from taxpayers to property owners. As a result of this transfer, the ultimate
loss of housing services is borne by not by property owners but by taxpayers, because property owners
have been (at least in principle) compensated for their losses by the State. Nonetheless, we include the
transfer payment on some tables that follow, given that it reflects a significant cost to taxpayers.
However, whenever this cost is included, it must also be offset by the equal and opposite payment to
homeowners. Fair market property values for all of these calculations are detailed in Chapter 5.

Table 4.7 reports the resulting transfers due to property acquisition using estimated real estate prices
(see Chapter 5 for methods). All estimates are in present value terms, representing the aggregated
discounted stream of property acquisition costs incurred from 2011 to 2041. The costs to the State of the
property buyout are $61 million under the Basic Retreat Scenario (Scenario 3). Under the Enhanced
Retreat Scenario (Scenario 2), the estimated State buy-out costs are $149 million. All of these payments
would be matched with equal and opposite receipts by current property owners.

Note that these payments are also exactly the same as the magnitude of lost housing services detailed in
Chapter 5, with one important exception. The loss of housing service values reported in Chapter 5
always differs from the housing acquisition payments to homeowners by exactly $18.2 million. As
discussed in Chapter 5, this is identically equal to the uncompensated housing service losses in the No
Action baseline (relative to the current housing stock). This difference reflects the fact that the State
compensates homeowners for ALL houses removed under retreat scenarios, including those that would
be lost anyway under No Action. (Recall that under No Action there is $0 compensation for lost houses,
even though some houses are lost.) However, the underlying loss of housing services accounts for the
difference in houses lost under each scenario and those lost under No Action. This is shown conceptually
by Figure 4.3 for the Basic Retreat Scenario. As shown in the figure, under basic retreat, the difference in
housing service losses relative to No Action is -$61.3 million - (-$18.2 million) = -$43.1 million. The
difference in acquisition payments relative to No Action is -$61.3 million - (-$0) = -$61.3 million.
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Current  _ _ e e -

Housing

Services

(in 2011)

No Action gpaéigge "

Change in | Baseline Acquisition
Housing ('3_51_8'2 Payments
Services million) Relative to
Relative to Basic No Action
No Action Retreat
(-$43.1 (-$61.3
million) million)

Figure 4.3: lllustrative Comparison of State Acquisition Payments and Lost Housing Services
Relative to No Action—The Basic Retreat Scenario

Table 4.7: Property Acquisition Transfers under Retreat Scenarios

Basic Retreat (Scenario 3) Enhanced Retreat (Scenario 2)
Community Parcels Pr?g\cle MY Cost per Parcel Pr?g\cle MY Cost per
Acquired $m"i) Parcel Acquired $m"i) Parcel
Pickering 38 $3.42 $91,200 39 $5.18 $139,100
Kitts Hummock 51 $4.70 $95,200 72 $10.67 $158,300
Bowers 16 $3.94 $251,100 42 $7.44 $189,400
South Bowers 7 $0.88 $132,600 12 $2.28 $208,000
Slaughter 4 $0.89 $230,000 45 $10.60 $245,700
Prime Hook 12 $4.69 $399,600 63 $37.62 $617,500
Broadkill 116 $42.74 $374,100 178 $75.36 $432,700
Total 244 $61.25 $255,600 451 $149.1 $342,000

Note: All values reported in 2011 dollars. The figures are the present value of the stream of costs and
benefits aggregated across 30 years (from 2011 to 2041) and discounted at 4%.
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4.4 Summary of Costs and Transfers

Table 4.8 summarizes the direct costs and transfers associated with each scenario, relative to No Action.
This estimate reflects only demolition costs associated with structures damaged beyond repair as a result
of erosion. Note that these estimates do not reflect the loss of housing service benefits — these are
included in the benefit estimates of Chapter 5.

Table 4.8: Summary of Costs and Transfers by Scenario (Relative to No Action)

. Housing Housing
_ SaDI:rjr;cl:lliltlig:d Acquisition Acquisition Total Costs
Scenario _ Payments Receipts (PV, $mill)
(PV, $mill) (PV, $mill) (PV, $mill)
Beach Nourishment -$61.1 -$0 $0 -$61.1
Basic Retreat $0.5 -$61.3 $61.3 -$0.5
Enhanced Retreat -$4.5 -$149.1 $149.1 -$4.5

2All values reported in 2011 dollars. The figures are the present value of the stream of costs aggregated across 30 years (from
2011 to 2041) and discounted at 4%. The costs reported for management options as incremental to the No Action Scenario.
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3) Benefits Analysis

The previous section provided summaries on the direct costs associated with the implementation of each
shoreline management scenario. This section provides a summary of the benefits (gains or losses)
identified for each management scenario and further identifies the distribution of the benefits amongst the
identified general stakeholders. Benefits for this evaluation were primarily compartmentalized as benefits
from lost housing services due to erosion or demolition, benefits resulting from reduced flood damages for
individual structures, and recreational benefits from beach use and visits. This section also provides a
discussion on some potential economic impacts and benefits that were not quantified by the present
analysis.

5.1 Lost Housing Services

Development in the communities along the Bay shoreline is varied. As described in Chapter 2, some of
the communities have bayfront development with vast landward marshes and open space while others
have developed along the bayfront and extend inland. In nearly all of the bay communities, the
development closest to the shoreline is characterized by private residences rather than resorts and
businesses.

This section describes the calculation of lost housing service benefits (or simply lost housing services)
under the three management scenarios (Nourishment, Basic Retreat, Enhanced Retreat), compared to
the default of No Action. Housing services capture the suite of benefits a home provides to its owner,
such as shelter and enjoyment, and the value of these services over time as reflected in fair market value.
For this analysis, housing services are considered lost when a house is acquired and demolished by the
State (under the two retreat options) or when it is lost due to erosion. Because the Nourishment scenario
prevents the loss of houses that would be destroyed under the No Action scenario, it generates a gain of
net housing services. The two retreat scenarios lead to a net loss of housing services, because more
homes are lost sooner than under No Action.

This section first describes how the number of homes changes under each scenario. It then discusses
our approach to valuing homes and reports the estimated economic benefit or loss by community. Details
of the lost housing services and erosion damage assessment are included in the Technical Memorandum
included as Appendix D.

5.1.1 Specifying Changes under each Scenario

Recall that under a No Action scenario, the State allows the coastline dynamics to progress unmitigated.
In the absence of active investments and intervention, the Bayshore communities will be increasingly
exposed to coastal hazards, such as coastal flooding, storm surge, erosion, and sea level rise. The first
seven columns of Table 5.1 describe the property loss that is expected to occur over time in the
communities under the No Action baseline. Currently, the seven bay communities have 1,643 homes.
Over the 30-year period of this study, an estimated 129 properties, or seven percent, of the existing
structures would be lost. Because the number of affected properties accelerates through time, most of
the loss occurs after 2020.
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Table 5.1: Housing Service Loss under the No Action Baseline

Structures Lost .
Service Loss

Community  gaoind o 2021- 2031- Total | Percentof | oy gmin)
2020 2030 2041 existing
Pickering 43 2 14 22 38 86% $2.54
Kitts Hummock 114 0 13 18 31 25% $2.41
Bowers 325 0 2 2 4 1% $0.42
South Bowers 69 0 1 2 3 4% $0.28
Slaughter 308 0 0 0 0% $0.00
Prime Hook 185 0 0 4 4 2% $1.19
Broadkill 599 4 12 33 49 8% $11.35
Total 1,643 6 42 81 129 7% $18.20

Notes: Costs are the present value of the stream of costs aggregated across 30 years (from 2011 to 2041) and discounted at 4%
(Appendix D).

Nearly all of the communities would experience some form of property loss in the No Action baseline, but
the magnitude and scale varies. For example by 2041, nearly all of the homes in Pickering Beach would
be lost (86 percent), and one-quarter of the properties in Kitts Hummock would be affected. In contrast,
Slaughter Beach does not have any projected property losses, and Bowers Beach would lose only one
percent of its housing stock.

Under a beach nourishment approach there are no housing losses. The management plan would
replenish the beaches and manage the dunes to mitigate the effects of erosion. By stabilizing the
shoreline areas around the seven bay communities, no homes would be lost to erosion under the design
conditions. When measured relative to the No Action scenario, this prevents a loss of 129 properties and
the housing services they provide.

In contrast, the retreat scenarios reflect the bay communities adapting to the changing shoreline by
removing structures in advance of coastal erosion. The shoreline erodes at its natural pace while
maintaining specified beach widths to support beach-dune habitats and recreational opportunities. The
Basic Retreat Scenario identifies 244 structures for removal; Enhanced Retreat identifies 451 structures.
Table 5.2 reports these housing removals, following information presented in Chapter 4.
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Table 5.2: Structures Removed through Time Under Retreat Scenarios

Community
Scenario Pickering Huﬁi:s:) ck Bowers Bi%;';':s Slaughter T_Irg:f Broadkill

Current Structures 43 114 325 69 308 185 599 1643

« | 2011 0 0 0 0 0 2 2

g’_ 2011-2020 10 9 4 1 0 1 53 78

Lstl:, 2021-2030 27 18 4 0 36 96
'é 2031-2040 1 24 7 2 4 5 25 68
@ Total 38 51 16 7 4 12 116 244
2011 38 52 34 8 5 63 92 292

§ = 2011-2020 1 10 4 2 5 0 24 46
§ % 2021-2030 0 9 2 1 14 0 38 64
& - 2031-2040 0 1 2 1 21 0 24 49
Total 39 72 42 12 45 63 178 451

Note: The study period spans from 2011 to 2041. The year 2040 is shown as the final year, indicating that the ending condition is
the beginning of 2041.

The two retreat scenarios reduce the housing stock in the seven communities by more (and more quickly)
than what would be lost with unmitigated shoreline erosion and migration. In the Basic Retreat Scenario,
115 homes are removed over and above what would have been naturally lost to erosion (244 minus 129).

In the Enhanced Retreat, 322 homes are lost in excess of the No Action Scenario (451 minus 129).

5.1.2

Valuing Housing Services

Given the estimated difference in housing structures under each policy scenario relative to No Action, the

value of housing services lost due to beach erosion is calculated as a function of estimated fair market

property values. This procedure is based on the standard economic assumption that fair market values

reflect the capitalized flow of future benefits expected from a house that is lost due to either erosion or

demolition. That is, fair market values reflect consumers’ willingness to pay for the services provided by a
home (cf. Freeman 2003; Holland et al. 2010). When one purchases a home, one is purchasing a future

flow of housing services from that home. Homebuyers’ willingness to pay for a property, therefore, in

principle reflects the capitalized present value of expected housing services from that property, from the

purchase point forward (cf. Kuminoff and Pope 2010)."” That is, the analysis assumes that real estate

prices fully captured the direct, private value of all present and future services (e.g., shelter, enjoyment)

provided by the property to its owner. This assumption is consistent with theory and not unreasonable

given that the real estate price reflects market transactions — or the price that induces individuals to buy

or sell.

Based on this underlying logic, it is possible to calculate an equivalent annualized value of housing
services, reflecting the expected average service value per year that will lead to the current fair market
value of a property.'”® When a property is lost to erosion (say at time {), the housing service value from

The same approach holds for homeowners who expect to sell the home in the future (at some time t), because they should
expect the selling price at time t to reflect the capitalized housing services fromt —«~. Hence, when the house is sold the
current owner recaptures the capitalized value of all housing services that have not yet been realized at time t.

The annualized value A may be calculated as A = rM, where M is the market value of the property and ris the discount rate.
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that property is truncated at time t rather than continuing in perpetuity. Specifically, under the No Action
and Retreat Scenarios, the actual use expectancy of houses is shortened (as the structures will be lost to
erosion or acquired before that timeframe). As a result, the service loss estimates are sensitive to timing.
For example, if a property is claimed by an eroding shoreline in 2021, then the housing service flow
ceases after that point in time. The approach to estimate the value of lost housing services accounts for
this time-sensitivity. The present analysis uses the estimated annualized values, combined with the
information on the discount rate and anticipated year of structure loss, to estimate the value of the lost
housing service flow (see Appendix D for additional details). There are a number of strong assumptions
implied by this approach, including an assumption that the housing services generated by any structure
will remain unchanged as beach width changes (as reflected in current fair market value), until the
structure is ultimately lost at time t. Alternative approaches that relax this assumption were not feasible in
the present analysis.™

Given this logic and underlying economic theory, the first step in the housing service analysis is an
estimation of fair market value for properties subject to loss. Ideally, one would base the analysis on
recent sales prices for all properties under consideration. However, in the present case recent sales
prices are only available for a small number of properties. The turnover (sales) rate for houses in the bay
communities is relatively low. In the last five years, only 151 properties had sold (52 parcels in Kent
County and 99 parcels in Sussex County). Since these sold properties represent fewer than nine percent
of the total number of properties in the seven communities, the analysis is based on an estimate of fair
market price for most of the parcels affected by the retreat strategies. This analysis mainly draws on
information in the structure inventory database developed by the team. This database provides data on
each parcel’s characteristics, such as size and location. It also provides needed information about a
property’s land value' and most recent real estate price if sold in the past five years.

Based on this information, a multi-step procedure was followed to construct a current estimate of each
property’s 2011 total parcel value. The fair market price uses the land values in the structure inventory
database as a starting point and makes two adjustments to scale these values to an estimate of current,
fair market value for the entire parcel. The adjustment to assessed land values is necessary to reflect a
property’s full market value.

The first adjustment scales land values to total value. In order to scale land values, the study team
estimated the ratio of the relative contributions of the land and structure to a parcel’s total price. The
average of the ratio of land values to total values, based on the 151 properties that sold in the last five

" A number of alternatives to valuing housing services exist. For example, a study valuing nourishment programs for Delaware’s

ocean beaches (Chrysalis Consulting Inc., 2007) uses a hedonics approach. The hedonic approach provides a way of
estimating how the value of housing stock responds to changes arising from shoreline management. The Chrysalis Study uses
beach width as a measure of the quality change in nearby beaches and estimates its relationship with property values. Unlike
the hedonic method, our estimated property values provide little insight into how real estate prices change with assumptions
about the future, such as a property’s proximity to or the quality of a beach. Without a hedonic study, we cannot estimate how
real estate prices might change in response to the conditions under the retreat or no action scenarios. With beach nourishment,
current real estate prices may be reasonable approximations for the future prices under the beach nourishment scenario. With
beach nourishment, the beaches and dunes are maintained, providing stable beach amenities and conditions. In contrast,
under the retreat scenarios (and no action), beach conditions and a property’s proximity to the beach change as the shoreline
erodes and migrates. These dynamics have countervailing effects on real estate prices. Property values are likely to rise and
then fall through time. They most likely will increase as homes further from the beach become bay front properties (due to
erosion or demolition in response to shoreline encroachment). However at some point, the eminent encroachment of the
shoreline will cause a bay front property’s value to plummet. As a property’s relative proximity to the beach changes, its
property value is likely to increase and decrease temporally. The conflicting patterns make it difficult to assess if our simplifying
assumption biases estimates in one direction or another, without a more detailed economic model.

For Kent County properties, assessed values in the database represent 60% of the estimated 1987 (the last time market
appraisals were completed in Kent County) market values. For Sussex County properties, assessed values represent 50% of
the estimated 1974 (the last time market appraisals were completed in Sussex County) market values.
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years, is 36.3 percent.'® The second adjustment accounts for how property values escalate through time.
In order to account for how property values grow over time, we first updated all land values and real
estate prices to 2011 dollars using the US Consumer Price Index (to account for inflation).”” To account
for the fact that property values might change at a rate different from the overall inflation rate, we then
calculated the ratio of observed sales price to updated 2011 market values (i.e. land plus structure value)
for the 151 recent property sales. The ratio varied across communities, with the average for Kent County
sales being lower than the average for Sussex County sales, 2.3 and 3.3, respectively. This calculation
provided a “multiplier” which was used to update all other property values in the database to 2011 values
(see Appendix D).

These estimated fair market values were used to calculate the value of lost housing services. After
algebraic simplification (Appendix D), the lost housing service (L) from a property with current fair market
value M, expected to be lost in year t, given an annual discount rate r, can be calculated using the

equation L = M/(1 )t Conceptually, this equation “depreciates” or deflates the lost housing services

value for homes lost in the future, reflecting the fact that the stream of services will be received from now
until the time of loss t. Note that this equation also implies that for a home lost today (&=0), the value of
lost housing services is exactly equal to the fair market value. To estimate the value of the lost housing
services, the analysis assumes the loss begins mid-decade. This assumption reflects the difficulty of
pinpointing a particular year when a house would be lost to erosion. Returning to our example, if a
property is expected to be lost in the decade ending 2021, then the service loss calculations assumes
removal in 2016.

Table 5.3 reports the value of the housing services lost or gained across the communities as a result of
the three management scenarios, compared to No Action. We estimate that seven percent of the existing
housing stock would have disrupted service flows under the No Action Scenario by 2041 (Table 5.1). As
a result, under the baseline, property owners forego housing services worth approximately $18.2 million;
this is shown in the final column of Table 5.1 above. These losses are avoided entirely under the
Nourishment scenario. With beach nourishment, the potentially impacted properties are protected
through active management of the shoreline’s erosion and migration. Hence, the present value of
housing service gains under beach nourishment is equal to $18.2 million.

Under the two retreat scenarios, the housing stock is reduced by acquisition and structure removal. The
net loss of housing services is hence determined by the difference in housing structures lost under No
Action (Table 5.1) and those lost under the retreat scenarios (Table 5.2).

'®  As areasonableness cross check, our estimate was slightly lower relative to nearby urban areas. For Baltimore and

Philadelphia, two major urban areas close to the Delaware Bay communities, the percent contribution of land value to total
parcel value ranges from 37.1 to 54.4% when averaged over the period 1984 to 2011 (Davis & Palumbo, 2007).

Real estate prices would likely respond to changes in the shoreline’s condition and proximity. This analysis uses a simple
approach of assuming a property’s value will escalate with general real estate appreciation rather than responding to changes in
risk of flooding and timing of shoreline erosion causing the house to be removed. Chapter 5 discusses these issues in more
detail.
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Table 5.3: Housing Service Losses For Retreat Scenarios (Relative to No Action)

Basic Retreat (Scenario 3) Enhanced Retreat (Scenario 2)

Community | Total Structures _ Housing | Differencein - PECIRCIn
Lost Service Losses Service Losses
(PV, $mill) (PV, $mill)
Pickering 0 $0.88 1 $2.64
Kitts Hummock 20 $2.29 41 $8.25
Bowers 12 $3.52 38 $7.01
South Bowers 4 $0.59 9 $1.99
Slaughter 4 $0.89 45 $10.60
Prime Hook 8 $3.49 59 $36.42
Broadkill 67 $31.39 129 $64.02
Total 115 $43.05 322 $130.93

Note: All values reported in 2011 dollars. The figures are the present value of the stream of costs and benefits
aggregated across 30 years (from 2011 to 2041) and discounted at 4%. Housing service losses account both
for the total number of structures lost and the year of loss. For this reason, there can be a difference in
housing service losses even if the total number of houses lost is equivalent.

It is worth noting that this approach to evaluating the impact of lost housing services does not consider
how housing services for the remaining properties is affected. Reducing the housing stock could have
impacts that extend beyond those experienced by the owners of the affected properties. For example,
reducing the size of the community can potentially affect the cost burden of public infrastructure. In
addition, contracting the housing stock can change real estate values for the remaining properties. These
secondary effects are not considered in the analysis. Without further analysis, it is difficult to gauge their
magnitude and directional impact on the net effect.

5.2 Flood Damage Reductions

Flood damages are those impacts to structures and building contents resulting from flooding that does not
result in the total loss of a house.”™ Flood damage reductions (also referred to as avoided damages)
result to varying levels from shoreline management actions. As an example, the elevation of a house on
pilings increases the elevations which a storm must reach the living space of a structure to cause
damages to the structure and its contents. Similarly, beach nourishment can reduce the wave height and
its energy and thereby reduce damages to structures situated behind the dunes. Avoided or reduced
damages can reduce the expenditures that public agencies or homeowners need to make to repair
damages, replace contents or replace structures. They can also reduce interim losses of housing
services before flood damage is repaired.

The true relationship between estimated damage costs and the willingness to pay to avoid flood damage
(a true measure of benefit) is generally unknown, although avoided damages are sometimes interpreted
as rudimentary an approximation of benefit loss (Freeman 2003). In reality, the assumptions required for

'8 Total losses are captured in the housing services analysis.
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damages avoided to reflect unbiased measures of benefits rarely hold.” In the general case, damage
costs can either under- or overestimate true benefits; which of these apply is rarely known with certainty.
As a result, avoided damage costs are generally a poor measure of benefits (Holland et al. 2010).

Despite these strong caveats, damage costs avoided are sometimes calculated when better measures of
benefits are unavailable, as is the case here. Flood damage reductions were evaluated as an
approximation of benefits that would result from the proposed shoreline management scenarios. This
reflects the fact that a primary purpose of the proposed shoreline management scenarios is to protect
existing structures from flooding or to remove them from the flood hazard.

5.2.1 Flood Damages

For the flood damages analysis, the economic impacts of coastal flooding were based on damage to
structures and their contents. In order to avoid double counting and maintain scenario consistency, the
analysis assumes that property damage due to flooding does not result in the removal of a structure and
that housing stock changes through time (relevant to the Retreat and No Action Scenarios). As
previously discussed, the study measures the impacts of erosion on property in terms of total building
loss. Instead, we value flood damage based on the replacement and repair to buildings and their content.

For purposes of coastal storm damage calculations, the relevant structure value is termed Replacement
Cost Less Depreciation (RCLD). Depreciation takes into account the remaining years of service that a
house is expected to provide. Since the structure is not new, some deduction (i.e., depreciation) from a
new construction cost or value is necessary to reflect wear and tear. In addition to RCLD, flood damages
also account for building content. Following the FEMA Standard Value used in BCA analyses, our
estimates take the standard value from the FEMA model to set the contents value at 50 percent of the
RCLD values.

The RCLD values were derived from county tax assessor records (Appendix D). These records contain
appraised structure values and land values for each parcel. For the Kent County properties, assessed
values represent 60 percent of the estimated 1987 market values, the last time market appraisals were
done in Kent County. For the Sussex County properties, the assessed values represent 50 percent of the
estimated 1974 market values, the last time market appraisals were done in Sussex County.

Conversion of these assessed values to estimated 2011 market values followed a two-step process.

1. First, the assessed values are converted to market values by dividing the assessed values by the
assessed-to-market ratios. In Kent County, assessed value is first divided by 0.6 (the assessed-
to-market value ratio); for the Sussex County properties, the assessed values are divided by the
assessed-to-market ratio of 0.5.%

2. The old market value estimates are then factored up to 2011 prices using the Consumer Price
Index (U.S. Bureau of Labor Statistics, 2012). This resulted in a 1.98 price level update factor for
Kent County (1987 to 2011) and a 4.56 price level update factor for Sussex County (1974 to
2011).”

'® As stated by US EPA (2010), “Some analysts have suggested that the economic value of the damage is the cost of replacing the
asset This will only be true, however, if: 1) damage to the asset is the only cost of the environmental deterioration; and 2) the
least expensive way to achieve the level of satisfaction realized before the deterioration would be to replace the asset If the first
condition is not met consideration of replacement costs alone might underestimate the economic consequences of environmental
degradation. If the second condition is not met replacement costs might overestimate the consequences. Suppose that water
pollution kills fish in a pond. Replacing those fish with healthy, edible ones might prove extremely expensive: the pond might need
to be dredged and restocked. However, affected people might be compensated simply by giving them enough money to buy
substitutes for the fish they caught at their local supermarket”

2 About 6 percent of the 1,643 properties included in the database had no assessed value available. These parcels are most likely
not subject to tax levies, or are zero for other reasons. These anomalies were adjusted using dollar per sq. foot data by building
type, ratios of structure values to total property values, and other data available for remaining properties in the database.

¥ These update factors were compared to factors using the Engineering News Record Construction Cost Index (ENR CCI), and the
Freddie Mac House Price Index (FMHPI, for both Delaware and for the US), and the comparisons revealed little difference.
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The analysis did not involve any forecasting of real changes external to the effects of the proposed
management alternatives in growth such as, accounting for population growth or changes in the number
of structures. Instead, the analysis assumes that structures, as initially described, remain in-place for
each year throughout the study period with the exception of parcels lost to erosion or removed via
acquisition. This approach reflects the reality that while some changes will likely occur, depreciation for
some properties in the study area will likely be offset by upgrades and new construction on other parcel
sites. We expect such changes will tend to balance out over time.

5.2.1.1 Expected Annual Flood Damage

The expected annual flood damages were calculated by applying RCLD values expected for flooding

under present day conditions (i.e., 2011) and projected conditions in the years 2021, 2031, and 2041
(Appendix D).

Figure 5.1 plots Expected Annual Flood Damages under all four scenarios over the study period. As
expected, annual flood damages grow at a faster, linear rate and were highest when no management
action was taken. This growth in flood damages under the No Action Scenario reflects two dynamics:

1. Shoreline retreat resulting in the encroachment of higher hazard flood zones.
2. Larger flood depths due to the combination of increasing wave heights and sea level rise
(structures are stationary but larger waves encroach further inland as shoreline retreat occurs).

Importantly, expected annual flood damage had an increasing trend through time even with the number of
flood affected structures decreasing as a result of erosion.
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Figure 5.1 illustrates a continuous upward trending in flood damages under all four management
scenarios. This overall increasing trend was due to the presence of sea level rise and consequential
increasing flood depths. That said, the trajectory and levels of expected annual flood damage were
different for each management scenario. With beach nourishment, annual flood damages track with the
10-year re-nourishment cycle. Expected annual flood damages drop immediately after nourishment
construction and then steadily increase until the next re-nourishment effort. This is consistent with how
the nourishment project is expected to work. Flood damages are reduced following completion of
nourishment, but then increase with shoreline retreat as higher hazard flood zones shift inland. Under the
two retreat scenarios, the expected annual flood damage trajectory is much smoother. The Basic and
Enhanced Retreats have similar rates of increase over time, but differ in the expected magnitude of
damages. In absolute terms, the enhanced retreat was expected to have the lowest and slowest growth
in annual expected flood damage. This result was not surprising considering the approach also had the
lowest number of properties exposed to coastal flooding. The difference in structure removals drove the
approximately $400,000 difference in expected flood damages between the two alternatives through the
study period.

5.2.1.2 Avoided (Reduced) Flood Damage

Table 5.4 presents estimated flood damage by community under the baseline of No Action; this is the
starting point from which the damages avoided under the three management scenarios are compared.
Over the 30-year analytic period, the total present value of damages was $75.4 million dollars. All seven
bay communities were adversely affected, with 86 percent of the existing structures projected to
experience some flood damage. The three communities bearing the majority of the damages are Bowers
Beach (23 percent), Slaughter Beach (34 percent), and Broadkill Beach (25 percent). When considered
on a per structure basis, Pickering Beach, Kitts Hummock, and Slaughter Beach are expected to incur the
highest flood damages.

Table 5.4: Estimated Flood Damage by Community Under a No Action Baseline

o— Structures Damages
Existing Affected PV ($mill) % of Total Per structure
Pickering 43 6 $0.78 1% $130,000
Kitts Hummock 114 71 $4.20 6% $59,200
Bowers 325 338 $17.5 23% $51,800
South Bowers 69 77 $3.10 4% $40,300
Slaughter 308 368 $25.5 34% $69,300
Prime Hook 185 183 $5.10 7% $27,900
Broadkill 599 476 $19.1 25% $40,100
Total 1,643 1,519 $75.4 100.0% $49,600

Notes: All values reported in 2011 dollars. The figures are the present value of the stream annual flood damage estimates
aggregated across 30 years (from 2011 to 2041) and discounted at 4%.

Table 5.5 reports the estimated flood impacts by community under the three management scenarios,
compared to the No Action baseline. The three management scenarios have projected flood damages
that are lower than what would occur in the absence of any action. The difference in estimated flood
damages between the No Action case and each management scenario represents avoided flood
damages. The avoided damages represent benefits of a given management alternative taken to mitigate
coastal flooding. They reflect resources that beneficiaries (i.e.; property owners) may divert to activities or
investments other than repair or replacement of property and home contents.
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Comparison across the management scenarios shows that an enhanced retreat produces the greatest
amount of benefits, $10.6 million over the 30 years. This amount equates to an average benefit of $8,000
per structure potentially affected by flooding. Beach nourishment and basic retreat generate substantially
lower benefit, $2.7 and $3 million in benefits, respectively.

Table 5.5: Avoided Flood Damage by Community and Management Strategy

Avoided Flood Damage

Community S?I‘flfli(t::lergs Flood Damage Relative to No Action
\ PV ($mill)  $/Structure PV ($mill)  $/Structure
Pickering 43 $0.88 $20,500 -$0.10 -$2,325
= | Kitts Hummock 114 $4.20 $36,840 $0.05 $440
_%’ Bowers 325 $17.30 $53,230 $0.17 $525
£ | South Bowers 69 $3.00 $43,480 $0.14 $2,030
2 | Slaughter 308 $25.00 $81,170 $0.57 $1,850
S | Prime Hook 185 $4.80 $25,950 $0.37 $2,000
@ | Broadkil 599 $17.50 $29,220 $1.50 $2,500
Total 1,643 $72.70 $44,250 $2.72 $1,660
Pickering 6 $0.57 $95,000 $0.21 $35,000
Kitts Hummock 71 $3.90 $54,930 $0.34 $4,789
= | Bowers 338 $17.40 $51,479 $0.11 $325
§ South Bowers 77 $3.00 $38,961 $0.10 $1,299
9 | Slaughter 368 $25.50 $69,293 $0.06 $163
& | Prime Hook 183 $5.10 $27,869 $0.08 $437
Broadkill 476 $17.00 $35,714 $2.09 $4,391
Total 1,519 $72.40 $47,663 $2.99 $1,968
Pickering 5 $0.04 $8,000 $0.74 $148,000
_ | Kitts Hummock 50 $2.60 $52,000 $1.70 $34,000
2 | Bowers 312 $16.80 $53,846 $0.73 $2,340
f South Bowers 72 $2.70 $37,500 $0.47 $6,528
& | Slaughter 327 $25.20 $77,064 $0.33 $1,009
£ | Prime Hook 132 $3.50 $26,515 $1.60 $12,121
" 1 Broadkill 414 $14.00 $33,816 $5.00 $12,077
Total 1,312 $64.80 $49,390 $10.60 $8,079

Notes: All values reported 2011 dollars. Avoided flood damage is the present value of the stream of annual estimates
aggregated across 30 years (from 2011 to 2041) and discounted at 4%. For each management option, annual avoided
flood damages are calculated by subtracting its expected annual flood damages individually from the expected annual
flood damages associated with the No Action scenario.

5.3 Recreational Benefits

The Delaware Bay shoreline provides a broad range of services and uses. These include the benefits
received by Bay community residents and visitors related to the recreational use of the Bay beaches.
Recreation demand models provide a means to assess the demand for resources used for recreation,
and to estimate the benefit associated with their use. They can also be used to estimate how these
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benefits change when conditions, such as predicted beach widths, change (Parsons et al. 2013). This is
the basis for the calculation of recreational benefits gained or lost under the various management
alternatives considered here.

Methods to evaluate recreational benefits are among the oldest and best-established of all economic
valuation methods (Freeman 2003; Bockstael and McConnell 2010; Loomis and Walsh, 1997). These
methods recognize that resources such as beaches are usually open to the public free of charge or for a
nominal (e.g., parking) fee; the lack of free-market price information prevents value estimation using
market methods. This is the situation at the seven Delaware Bay beaches studied here. However,
individuals do engage in costly travel and other observable behavior in order to recreate at these
beaches, in addition to paying any additional costs of parking, access, etc. Data on these behaviors
reveal recreationists’ willingness to tradeoff costly travel, time and resources to obtain recreational
experiences at particular sites, and are the basis for the estimation of associated economic values
(Freeman 2003; Holland et al. 2010; Haab and McConnell 2002).

This analysis draws on a recreation demand study conducted by Parsons et al. (2012, 2013). This study
estimates current beach visitation and its associated value per trip, along with how these values would
change at selected alternative beach widths (i.e., one-quarter and double the current widths for each
beach).”” This original study, however, does not estimate benefits for the three specific management
scenarios set out in this report. Using a benefit transfer framework, however, we are able to adapt the
results in Parsons et al. (2012, 2013) to generate a net present value (sum of discounted values over all
analyzed time periods) for each scenario at each beach, based on the estimated change in recreational
benefits.

The detailed recreational analysis is included in the Technical Memorandum as Appendix E.

5.3.1 Conceptual Basis for Benefit Estimation

Among the bay beaches, all but Prime Hook, are open access, public beaches®. This setting prevents
any direct measurement of the “price” people pay, or are willing to pay, to recreate on these beaches. In
such situations, recreation demand models can help to assess the demand for resources used for
recreation, and to estimate the value associated with their use. Parsons et al. (2012, 2013) adopted a
travel cost approach to estimating the value of a trip to the bay beaches. As noted above, the basic
premise underlying a travel cost approach is that the costs required traveling to and access a recreation
site (e.g.; expenditure on gas, beach tags, and overnight accommodation) are treated like a “price” of the
site. Visitors from different origins travel to visit a site of interest. Because individuals incur different
travel costs to visit the site (i.e., it is more costly for some people to visit the site because they travel
greater distances), one would expect varied visitation rates. Data on these behaviors reveal individuals’
willingness to tradeoff time and resources to obtain recreational experiences at particular sites and was
used to estimate associated economic values (Freeman, 2003; Holland et al., 2010.)*

The analysis of economic benefits in the present case relies on a benefit transfer from Parsons et al
(2012, 2013) Benefit transfer involves adopting or adapting research conducted elsewhere or for another
purpose to address the policy questions at hand, most often because primary valuation estimates are
unavailable or infeasible (Johnston and Rosenberger 2010). The advantage of benefit transfer is that it
estimates values cost-effectively when primary (original) valuation studies are either impractical or
infeasible.

2 DNREC sponsored the primary research.

% Prime Hook does not provide any public access points (e.g., public parking), restricting its usage to residents.

2 The variation in visitation rates, as influenced by travel costs, is used to estimate the demand relationships between price (cost

to travel to the site) and quantity consumed (site visits). Within such empirical models, the difference between the maximum
amount that a person or group is willing to pay to visit a particular beach and the amount actually paid is defined as consumer
surplus, and represents a measure of the economic benefit obtained by consumers (Haab and McConnell 2002).
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The nexus between this study and Parson et al. (2012, 2013) is that the effects of the four management
scenarios can be measured in terms of expected changes in beach width at a common set of sites.
Parsons et al. (2012, 2013) include the same seven Delaware Bay beaches that are of interest here and
forecast recreational benefit changes as a function of average beach width. This results in a near-ideal
application of benefit transfer in which benefit estimates are drawn from a prior recreation demand study
at the same beaches, addressing similar types of width changes.

5.3.2 Current Beach Visitation

Table 5.6 presents the estimated annual level of visitation to the Delaware Bay beaches. Parsons et al.
(2012, 2013) estimated around 50,000 trips per year, comprised of day trips and overnight stays, to these
bay communities. As seen in the table, the level of visitation is highly variable across the bay beach
communities. For the smaller bay beaches, such as Pickering Beach and Kitts Hummock, annual day
trips were in the hundreds. In contrast, beaches like Broadkill Beach and Slaughter Beach have annual
day trips in the thousands. Use of the beaches is not restricted to residents. Therefore, despite the bay
beach communities being fairly small and with limited public parking, non-owners accounted for 66
percent of all visitations.

Table 5.6: Predicted Annual Beach Trips in 2010 to Delaware Bay Beaches

Day trip Short Overnight trip Long Overnight trip
Owner Non-owner Owner Non-owner Owner Non-owner ‘

Pickering 241 563 80 241 0 80
Kitts Hummock 347 231 115 347 0 0
Bowers 1,162 3,604 1,162 697 0 232
South Bowers 176 1,146 176 264 0 528
Slaughter 1,525 5,188 1,322 2,136 102 813
Prime Hook 1,320 586 1,026 1,759 293 1,173
Broadkill 2,812 4,542 2,703 6,704 541 4,433
Total 7,583 15,860 6,584 12,148 936 7,259

Note: The average length of a short overnight trip is 2.2 days and 8.6 days for a long overnight trip.
Source: Parsons et al (2012).

5.3.3 Specifying Changes under each Scenario

The change in welfare (or recreational benefits) under each scenario is a function of the value of the
beach trip and the number of trips taken annually. These factors are influenced by beach width and the
number of residents/homes available for stay. Beach width increases recreational values per trip, while
the number of homes constrains the population of resident beach-goers (and hence the number of trips).

The various management scenarios have unique effects on the number of structures at each beach. To
estimate beach width and the size of the community, as measured by the housing stock, over the course
of the study period, the analysis adopts a linear interpolation approach. At four points in time (2011,
2021, 2031 and 2041) under each scenario, estimates exist for average beach width and the number of
structures by community. Using these four points in time as ‘anchors’, we then interpolate for each
intervening year, assuming a constant change. This approach provides a forecast of beach width and
housing stock for each beach, during each year, under each management scenario. Figure 5.2 illustrates
this approach for predicting beach width at Slaughter Beach under the No Action scenario.
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Note: Bold (red box) points represent predicted beach width when total structures are lost by the evaluation decade dates of 2011,
2021, 2031 and 2041. All other points are extrapolations in between these calculated points.

Figure 5.2: Slaughter Beach, Predicted Mean Beach Widths under the No Action Scenario

5.3.3.1 Estimating Changes in Trip Value

The value of a trip is not specific to each beach, but rather a function of width and the type of trip (i.e., day
trip or overnight stay). Estimates of beach trip value by width from Parsons et al (2012, 2013) underpin
the estimates used to quantify changes in recreational benefits under each management scenario. Table
5.5 summarizes the per trip values from Parsons et al (2012, 2013). A day trip ranges in value from $28
to $35 depending upon the beach width. An overnight trip value is slightly higher, ranging from $31 to
nearly $40. Generally, a 25 percent loss of beach width reduces the value of at trip by 14 percent, while
doubling beach width increases the value of a trip by approximately eight percent.
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Table 5.7: Predicted Per Beach Trip Values

Type of Trip Width Per Day Value Change in value

Current Width $32.87
Day Trip 25% of Current Width $28.15 -14.4%
200% of Current Width $35.47 +7.9%

Current Width $36.82
Overnight Trip 25% of Current Width $31.53 -14.4%
200% of Current Width $39.73 +7.9%

For each beach, total access value at zero width is assumed to be zero. We then assume piecewise
linear interpolation to forecast values for all possible beach widths, at each beach. For widths beyond
200 percent, the linear slope between the current value (100 percent) and the value at 200 percent width
is assumed to continue.

Figure 5.3 provides an example of this interpolation for Bowers Beach. The figure shows the change in
total day trip value for non-owners at different proportional widths. By definition, at 100 percent (the
current width), the value does not change because the beach width is not different from the current
situation. At widths greater than 100 percent of current width, the value change is positive, and at widths
less than 100 percent of current width, the change is negative. At zero percent width (no beach), all
access value is lost.

$20,000 -
S0
-$20,000
-$40,000

200

-$60,000
-$80,000
-$100,000

-$120,000
-$140,000

Proportional Width (100% = current)

Figure 5.3: Predicted Change in Value of Day Trips to Bowers Beach by Non-Owners

5.3.4 Effect of Management Alternatives on Recreation Benefits

Combining the outputs of steps two (predicted width at each year, for each beach, under each scenario),
and four (predicted value at any width, at each beach), the model predicts recreational access value for
all beaches, under each management scenario, for all years between 2011 and 2041.

Table 5.7 reports the present values compared to a baseline of No Action. These figures are projected
economic benefits of beach recreation gained or lost by recreational visitors to seven Delaware Bay
beaches. The benefits are calculated for a thirty year time horizon, from 2011 through 2041, using a four
percent annual discount rate. The table shows that each management option produces net benefits
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relative to No Action. Across the management options, recreational benefits range from $10.8 million to
$16.1 million.

Table 5.8: Present Recreational Value of Management Scenarios Relative to No Action

. . Beach Basic Enhanced
Beach and Visitor Type Nourishment Retreat Retreat

Pickering (owners) $174,482 $54,004 -$41,205
Pickering (non-owners) $485,350 $252,563 $210,373
Pickering (total) $659,832 $306,567 $169,168
Kitts Hummock (owners) $272,033 $135,927 $80,492
Kitts Hummock (non-owners) $353,934 $194,586 $197,706
Kitts Hummock (total) $625,966 $330,514 $278,198
Bowers (owners) $400,224 $187,091 $229,322
Bowers (non-owners) $772,826 $392,236 $698,268
Bowers (total) $1,173,049 $579,326 $927,590
South Bowers (owners) $61,731 $10,417 $31,139
South Bowers (non-owners) $331,996 $72,032 $259,233
South Bowers (total) $393,726 $82,450 $290,372
Slaughter (owners) $650,899 $424,726 $550,752
Slaughter (non-owners) $1,740,706 $1,159,036 $1,643,499
Slaughter (total) $2,391,604 $1,583,761 $2,194,251
Prime Hook (owners) $492,299 $24,250 -$208,942
Prime Hook (non-owners) $600,405 $38,985 -$156,938
Prime Hook (total) $1,092,704 $63,236 -$365,880
Broadkill (owners) $1,080,986 $470,292 $238,506
Broadkill (non-owners) $8,648,127 $7,367,381 $7,030,037
Broadkill (total) $9,729,112 $7,837,672 $7,268,543
TOTAL ALL BEACHES $16,065,994 $10,783,525 $10,762,243

Note. All estimates represent Present Value over 2011 to 2041, discounted at 4% and compared to No Action Scenario.

The relative share of recreational gains for each community varies across the scenarios. While higher
visitation beaches tend to gain more under the various scenarios, this relationship does not always hold.
For example, Kitts Hummock which has the lowest share of total trips among the bay beaches but gains
substantially more in recreational value relative to South Bowers and Pickering under a basic retreat
strategy. In contrast, Pickering gains more in recreational value than Kitts Hummock and South Bowers
through beach nourishment. Generally, management scenarios of nourishment or retreat increase
recreational values relative to No Action. The two exceptions are associated with the Enhanced Retreat
Scenario. For Pickering Beach, owners would incur a loss in recreational value, approximately $41,000
over the period 2011 to 2041. In Prime Hook, both owners and non-owners would have lower
recreational benefits relative to a No Action scenario. Total loss in recreational benefits for Prime Hook is
nearly $366,000.
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5.3.4.1 Caveat to Benefits Transfer

Some caveats should be considered when interpreting these results. First, although the close
relationship between the study of Parsons et al. (2012, 2013) and the present benefits analysis leads to a
nearly ideal situation for benefit transfer, any benefit transfer has the potential for error. This should be
considered when interpreting results. Second, the presented recreational benefit estimates are based on
average annual width and housing change projections and do not account for uncertainty, intra-annual
variations or width variations across the entire beach profile. Presented benefit estimates are also
contingent upon the various assumptions and methods detailed above, as well as on the underlying
validity of the original value estimates in Parsons et al. (2012, 2013). Third, these estimates only reflect
changes to recreational access benefits at the seven studied Delaware Bay beaches. No other benefits
or costs are estimated as part of the recreational impacts evaluation. Finally, we emphasize that any
forecast of economic benefits over a long time horizon requires relatively strong assumptions about the
stability of preferences (and resulting values) over time. Here, we are assuming that underlying
preferences for beach recreation will remain stable between 2011 and 2041. We also assume that the
population of potential beach visitors (including owners and non-owners of beach community homes) will
remain stable during this time period, apart from direct changes predicted as a result of beach community
housing structure loss.

5.4 Benefits and Impacts Not Quantified

As noted previously (Section 3), the team conducted a thorough evaluation of the potential benefits and
economic impacts (and transfers) that could be quantified with respect to the shoreline management
scenarios defined for the analysis. The following summarizes the assessment of potential changes in
taxes or public revenues as this is a question frequently raised by stakeholders and property owners.
While details are provided here regarding this potential impact, it could not be quantified for the
assessment. We emphasize that changes in taxes and revenues do not represent an economic benefit,
rather they represent a transfer from one group to another (Boardman et al. 2006).

5.4.1 Property Taxes/Revenues

Property tax revenue assessments were based on the number of structures in each community, their
market value and the municipal tax rates. The study team anticipated, based on the results from the
coastal communities’ economic study that significant economic impacts could potentially be gained from
the local economies and tax revenues. However, after further evaluation we determined that these
economic impacts were nominal in value compared to other economic effects. These impacts were
identified in the evaluation as existing, however, they were not quantified in the analysis due to their likely
nominal magnitude.

These benefits were determined to be nominal for the following reasons:

1. Percent of government revenues from taxes:
e Kent: 23 percent
e Sussex: 56 percent
2. Property taxes account for about one fifth of total revenues and about one half of all tax revenues

3. Average tax rates for Kent and Sussex Counties applied to structures removed demonstrated
nominal values compared to total population

Table 5.8 summarizes the estimated county tax losses associated with each management Scenario.
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Table 5.9: Estimated County Tax Losses Associated with All Parcels Removed for Each
Scenario.

Properties Annual County Taxes Proportion of

Scenario
Acquired or Lost Lost Total County Revenue

Kent and Sussex Counties

No Action 129 $58,300 0.06%
Beach Nourishment 0 $0 0.0%
Basic Retreat 244 $130,700 0.12%
Enhanced Retreat 451 $243,800 0.23%

Bowers Beach and Slaughter Beach

No Action 4 $840 0.49%
Beach Nourishment 0 $0 0.0%
Basic Retreat 20 $2,820 1.6%
Enhanced Retreat 87 $12,000 6.9%

Taxes collected from property owners are used to fund schools, libraries, and other important public
services. While estimated lost tax revenues are relatively quite small (<1%), it is nevertheless a negative
effect. While this statement is true for the counties, there are additional reasons for excluding this
category of potential impacts. Some additional reasons include the argument that taxes are a transfer
payment from property owners for services (zero sum) and the concept that if the properties are reduced
in value/function/use (houses are gone and housing/beach use is reduced) the total level of services is
reduced and the amount of tax revenues required for those services is reduced. More broadly, however,
it is not appropriate to include economic impacts such as these in BCA (Boardman et al. 2006; Holland et
al. 2010).

Details of the tax and revenue benefits for each management scenario or included in the Technical
Memorandum included as Appendix D.
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6 Results/Conclusions

6.1 Net Benefits

This economic study evaluated three shoreline management scenarios against a base case of No Action.
The three management scenarios are: Beach Nourishment, Strategic Retreat, and Enhanced Retreat.
The estimated costs and benefits of each scenario are calculated over a thirty-year time horizon (2011 to
2041) with the focus on impacts limited to the immediate shoreline of the seven communities rather than
the entire reach of the bay shoreline. There are a variety of ways in which one can present the data
developed as part of this study, summarizing the results of prior chapters. The following section
summarizes the results of the economic analysis by Shoreline Management Scenario and by Community.

6.1.1 Summary of Benefits by Shoreline Management Scenario

Without any shoreline adaptation (the No Action baseline), the seven bay communities in this study will
experience increasing damages from erosion and flooding relative to current levels. Over the study’s
analytic period (2011 to 2041), all but Slaughter Beach will lose homes to erosion. Aggregate housing
stock is predicted to decline by seven percent, resulting in the loss of $18.2 million in housing services.
Flooding severity and frequency will also increase over time, causing an estimated $75.4 million in
property damage. Recreational benefits are also expected to decline from current levels. Each of the
management alternatives considered would alter these “No Action” conditions, and hence would generate
either positive or negative net benefits.

Table 6.1 summarizes the net benefit of each shoreline management scenario option relative to the No
Action Scenario, based on the benefits and costs estimated in prior chapters. The total net benefits
include flood damages avoided, assuming that these damage avoidance estimates approximate the
benefits of reducing flood damages to homes (as shown in column G). The Team also evaluated these
benefits by excluding estimates for additional flood and erosion damages based on the argument that
damages avoided are not theoretically appropriate measures of economic benefits. These results are not
shown in the table. A comparison of these results, however, indicates that the treatment of these damage
avoidance estimates does not affect the overall conclusions of the analysis, in terms of the benefit ranking
of each management alternative.

As shown by Table 6.1, the benefits do not outweigh the costs of shoreline management. In all cases, the
net benefits of the management scenarios are negative when compared to No Action. The Beach
Nourishment Scenario has the smallest shortfall; the estimated net loss is $24.1 million in present value
(including damage avoidance). The Basic Retreat Scenario produces an estimated net loss of $29.8
million. The Enhanced Retreat Scenario has the highest net loss ($114.0 million).

February 2014 FINAL Results/Conclusions 6-1



Delaware Bayshore Communities Economic Analysis

of Options for Shoreline Management

Table 6.1: Net Benefits by Management Scenario Relative to No Action’

(A) (B) (9 () (E) (F) (G)
Sand, Fill Housing Housing Recreation Housing Reduction Net
and Acquisition Acquisition (PV, $mill) Services® in Benefits
Scenario Demolition Payr_nents Paym_ents (PV, $mill) Additional (PV, $mill;
. (paid by (received Flood and
(PV, $mill) . sum of A
State) by property Erosion through F)
3
(PV, $mill) owners) Damages
(PV, $mill) (PV, $mill)
Beach
Nourishment -$61.1 -$0 $0 $16.1 $18.2 $2.7 -$24.1
(Scenario 1)
Basic Retreat
(Scenario 3) -$0.5 -$61.3 $61.3 $10.8 -$43.1 $3.0 -$29.8
Enhanced
Retreat -$4.5 -$149.1 $149.1 $10.8 -$130.9 $10.6 -$114.0
(Scenario 2)

' Costs (or reduced benefits) enter as negative numbers. Benefits (or reduced costs) enter as positive numbers. All benefits and
costs are relative to the No Action alternative.
2 Change in benefits due to the total loss of housing structures. Under the retreat scenarios, the loss of housing service values (E)
is different than the housing acquisition payments to homeowners (B) by $18.2 million. This reflects the fact that the state
compensates homeowners for ALL houses removed under retreat scenarios (compared to $0 compensation under No Action). This
includes payment for $18.2 million of housing service losses (relative to the current situation) that would be uncompensated under
No Action (under retreat, these homes are removed rather than lost to erosion). For example, under basic retreat, the difference in
housing service losses relative to No Action is -$61.3 million - (-$18.2 million) = -$43.1 million. The difference in acquisition

anments relative to No Action is -$61.3 million - (-$0) = -$61.3 million. See discussion in Chapter 4.

Damages to remaining housing structures.

Note that the source of benefits and costs is very different across management alternatives. For
example, beach nourishment involves large direct costs for sand, fill and demolition (borne by the State),
but generates relatively large recreational and housing service benefits. In contrast, the two retreat
scenarios have low sand, fill and demolition costs, but involve significant losses of housing services.
Because of the predicted acquisition payments made by the State to property owners to compensate for
these losses, the ultimate loss of these housing service benefits is borne by taxpayers. Both retreat
scenarios generate recreational benefits, but these are too small to offset housing service losses.

6.1.2

Summary of Benefits by Community

The results in Table 6.1 (Net Benefit by Management Scenario) suggest that generally, the benefits of
shoreline management do not outweigh the associated costs. These patterns, in general, carry over to
each individual community. A community-level disaggregation illustrates that in all but two cases, the net
impacts of the three management scenarios are consistently negative.

Table 6.2 reports the net benefits (benefits minus costs) by community for each management scenario.
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Table 6.2: Net Benefit by Scenario and Community

Nourishment

Basic Retreat

Enhanced Retreat

Community Net Benefit Net Benefit Net Benefit
(PV, $mill) (PV, $mill) (PV, $mill)
Pickering -$3.2 -$0.5 -$1.8
Kitts Hummock -$4.6 -$1.6 -$6.9
Bowers -$3.1 -$2.9 -$5.8
South Bowers -$3.8 -$0.4 -$1.4
Slaughter -$11.6 $0.7 -$8.5
Prime Hook -$4.6 -$3.4 -$36.4
Broadkill $6.8 -$21.9 -$53.2
Total -$24.1 -$29.8 -$114.0

Notes: Net benefits calculated relative to the No Action Scenario. The table reports all figures in 2011 dollars. The
reported values are the present value of the stream of annual estimates aggregated across 30 years (from 2011 to
2041) and discounted at 4%.

The community-specific nature of the management scenarios is best illustrated by Slaughter Beach and
Broadkill Beach. Broadkill Beach and Slaughter Beach were the only two communities with a positive net
impact for any management scenario. Broadkill Beach was the only community with a positive net impact
under the Beach Nourishment Scenario. The Beach Nourishment Scenario produces negative net
impacts ranging in value from $3.1 million (Bowers Beach) to as large as $11.6 million (Slaughter Beach)
for the other six bay communities. In contrast, Broadkill Beach’s benefits outweigh management costs by
$6.8 million. Impacts to recreational use and avoided flood damage drive the positive gains at Broadkill
Beach. Broadkill Beach has the highest visitation levels out of all the communities and largest
development. The Nourishment Scenario not only preserves the beach widths to support current
visitation by beach goers, but also protects the existing structures from erosion and flooding.

Under the Basic Retreat Scenario, however, Broadkill Beach displays the highest negative net impact.
This reflects the substantial loss of housing services in this area, which overwhelms all other costs and
benefits in this case. Only one community, Slaughter Beach, experiences a predicted gain under basic
retreat. Benefits outweigh cost by $0.7 million. Additionally, two communities, Pickering Beach and
South Bowers, have net impacts that are only marginally negative. The difference between Pickering
Beach’s costs and benefits was approximately $500,000. The Basic Retreat and No Action Scenarios
both involve 38 out of the community’s 43 buildings being lost. However, the two scenarios differ in the
timing of when these structures are lost. The negative net impact mainly arises as a result of the Basic
Retreat Scenario bringing forward the timing of when some structures would be lost in Pickering Beach.
As a result of the earlier timing, Pickering Beach experiences housing service losses sooner relative to
the No Action Scenario.

For South Bowers under the Basic Retreat Scenario, the difference between costs and benefits is roughly
$400,000. This result is due to two factors. First, the Basic Retreat relative to the No Action Scenario
does not involve substantial housing stock reductions (seven homes would be acquired relative to three
being lost to erosion). Second, the community has one of the highest ratios of avoided flood damage per
structures.

Community-by-community results for enhanced retreat are similar in general pattern but larger than those
for basic retreat. This difference is particularly notable for Prime Hook, whose predicted negative net
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benefits increase by more than a factor of ten under enhanced retreat, compared to basic retreat. Losses
for Slaughter beach also increase greater than ten-fold. In both cases, this is due to the location of
community houses, such that housing service losses are much greater in these two communities under
enhanced retreat. In contrast to nourishment and basic retreat, under which at least one community
realizes net benefits, all communities realize net losses under enhanced retreat. Again, this is due to the
large losses of housing services under this scenario.

As noted above, the results and impacts summarized in this chapter depend on individual community
conditions, such as proximity of structures to the shoreline, rate of beach erosion, elevation of the
structures and beach/dune complex, flood risk, and recreational use. Each of these factors affected
results for each management scenario.

6.2 Observations
6.2.1 Context

Absent proactive shoreline management measures, some communities are project to lose nearly all
houses to erosion and wave action within the 30-year study period. Larger communities could be
sustained, however, albeit in a much different configuration. In the absence of any action, aggregate
housing stock will decline by seven percent over the study period (planning horizon), resulting in the loss
of $18.2 million in housing services relative to that which could be maintained under beach nourishment.
Flooding severity and frequency will also increase over time, causing an estimated $75.4 million in
property damage.

The costs of shoreline management, however, do not outweigh the benefits associated with
reducing/avoiding these estimated damages. The Beach Nourishment Scenario has the smallest
shortfall; the estimated net benefit is -$24.1 million. The Basic Retreat Scenario, which has management
costs of a similar scale to beach nourishment, produces a net loss of $29.8 million. The Enhanced
Retreat Scenario has the highest costs and benefits and the largest net loss, at $114.0 million.

While aggregate trends by scenario were identified, the data suggests that each community has its own
distinct characteristics and that the data should be looked at on a community-by-community basis, not just
a scenario basis. The data suggest that outcomes and net benefits for smaller linear waterfront
communities will differ from those at larger communities with a larger upland footprint.

While on balance, the benefits of shoreline management do not outweigh the associated costs, a
community-level disaggregation illustrates that management action is potentially efficient for a small
number of communities in a few cases (See Table 6.2). These positive net benefits only occur under
nourishment and basic retreat, and then only in two cases. For example, Broadkill Beach has estimated
net benefits of $6.8 million under beach nourishment. This community is an anomaly with respect to the
economic analysis; it functions more like the coastal communities to the south, based on economic
considerations. Under the Basic Retreat Scenario, Slaughter Beach also has estimated benefits that
exceed costs, with estimated net benefits of $0.7 million. Under the Enhanced Retreat Scenario, all
communities have estimated negative net benefits.

6.2.2 Distribution of Benefits

Lastly, the economic analysis provides information on the distribution of costs and benefits among various
groups. To date, the State of Delaware (reflecting all Delaware taxpayers) has borne almost exclusively
the costs for shoreline adaptation in these communities, while the communities and property owners have
realized the benefits. These patterns, in general, would be continued under each of the three
management scenarios with the State (taxpayers and non-residents) bearing the majority of the costs and
community residents receiving the majority of benefits. Hence, the net benefits for community residents
are positive, while the overall net benefit to all Delaware residents (taxpayers and community residents) is
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negative. This discrepancy shows the importance of an analysis of the distribution of benefits and costs
across different groups.

The study also finds that the bay beaches provide recreational opportunities to individuals residing both
within and outside of these communities. Non-residents account for roughly two-thirds of annual trips to
the bay beaches. Without shoreline management, local residents along with the public more generally
would experience welfare losses as a result of decreasing beach widths.

Table 6.3 reports the distribution of benefits between local community residents and general taxpayers
and non-residents. As shown by the table, local community residents are the primary beneficiaries of
beach management. In all cases, the net benefits of shoreline management are positive for residents of
the Delaware Bay communities, yet are negative for non-residents and taxpayers. The primary reason is
that nourishment and demolition costs are borne by the State, along with the cost of housing service
losses for properties acquired by the state. Most benefits of management, however, are realized by
residents. The sole exception is recreation, for which the majority of benefits are realized by non-
residents.

Table 6.4 illustrates the distribution of these benefits across communities. In all cases, the same pattern
holds. Residents of Bayshore communities universally benefit from beach management options, whereas
taxpayers and non-residents almost always realize negative net benefits. Viewed in this way, the three
beach management alternatives reflect a subsidization of benefits largely realized by residents by
taxpayers and non-residents.

Table 6.3: Distribution of Net Benefits by Management Scenario

Beach Nourishment Basic Retreat Enhanced Retreat
Metric Units Taxpayers | Residents Taxpayers Residents | Taxpayers Residents
& Non- & Non- & Non-
Residents Residents Residents
Net .
Benefits PV, $mill -$48.1 $24.0 -$52.3 $22.5 -$143.7 $29.7

Notes: All values reported in 2011 dollars. The figures are the present value of the stream of costs and benefits aggregated
across 30 years (from 2011 to 2041) and discounted at 4%. In Appendix D and E, Scenario 1=Beach Nourishment; Scenario
2=Enhanced Retreat; Scenario 3=Basic/Strategic Retreat; Scenario 4=No Action
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Table 6.4: Distribution of Net Benefits by Management Scenario, By Community

Beach Nourishment Basic Retreat Enhanced Retreat
(PV, $mill) (PV, $mill) (PV, $mill)
Community
Taxpayers Residents Taxpayers Residents Taxpayers Residents
& Non- & Non- & Non-
Residents Residents Residents
Pickering -$5.8 $2.6 -$3.3 $2.8 -$5.1 $3.2
Kitts
Hummock -$7.3 $2.7 -$4.5 $2.9 -$11.1 $4.2
Bowers -$4.1 $1.0 -$3.6 $0.7 -$7.2 $1.4
South Bowers -$4.2 $0.5 -$0.8 $0.4 -$2.2 $0.8
Slaughter -$12.9 $1.2 $0.2 $0.5 -$9.4 $0.9
Prime Hook -$6.7 $2.1 -$4.7 $1.3 -$39.0 $2.6
Broadkill -$7.1 $13.9 -$35.8 $13.9 -$69.7 $16.6
Total -$48.1 $24.0 -$52.3 $22.5 -$143.7 $29.7

Notes: All values reported in 2011 dollars. The figures are the present value of the stream of costs and benefits
aggregated across 30 years (from 2011 to 2041) and discounted at 4%. In Appendix D and E, Scenario
1=Beach Nourishment; Scenario 2=Enhanced Retreat; Scenario 3=Basic/Strategic Retreat; Scenario 4=No
Action

6.3 General Conclusions and Observations/Integration of Benefits

As noted previously, the results of this analysis will be used to assist the State of Delaware and
appropriate stakeholders in making planning, management and fiscal decisions regarding strategies for
shoreline adaptation at the seven communities identified along the Delaware Bayshore. It is not the
purpose or goal of this report to provide recommendations regarding management strategies or funding
mechanisms for these communities. However, some general observations or conclusions can be
summarized from the analysis in helping the appropriate decision-makers move forward with shoreline
management for these communities.

In summary:

e The primary benefits of shoreline management include:
o Avoided/Reduced Flood Damages
o Avoided/Reduced Erosion Damages (Housing Services)
o Recreational Benefits (Beach Visitation)
¢ Only a subset of the properties evaluated (those closest to the shoreline) would realize significant
benefit from flood/erosion damage avoidance
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e The aggregate net benefits of shoreline management are negative for all communities and cases
except:
o Broadkill Beach for the Beach Nourishment Scenario
= Note: This community’s economies appear to align more closely with coastal
communities due to the community’s proximity to the coastal communities and its
size (largest bayshore community evaluated)
o Slaughter Beach for Basic Retreat Scenario
= Note: This appears to be due to the configuration and geometry of the community
¢ Refined or targeted retreat scenarios, managed properly, could possibly improve net benefits
relative to the retreat options analyzed here. Potential net benefits of such alternative strategies
were not evaluated by the present report.

e For some communities, such as Pickering Beach, if assumptions on erosion rates are true, and
management activities cease, the community would be lost over the planning horizon

o While some communities will continue to be viable without intervention, the community
composition will change and remaining residents and their properties will still be at risk to flooding
and erosion hazards.

e When estimating the distribution of net benefits was identified, all scenarios assumed State of
Delaware (government) funding for the management scenarios. This assumption is not a
recommendation regarding cost share.

¢ Alternative sources of revenue generation could be required if other parties are to participate in
funding future shoreline management measures.

6.4 Potential Future Analyses/Next Steps

DNREC has indicated that the information and data generated as MR T [ [

part of this study will be used by coastal and community planners developed to date, what would
within the State to evaluate and develop a recommended strategy be the path forward to develop
for each of the communities evaluated as part of this study. a Course of Action for
DNREC has also indicated that they intend to engage and Delaware for the Bay Beach
coordinate with the various stakeholders that have participated to Communities?

date and to continue to be part of the Delaware Bay Beaches Work
Group.

The team recognizes that any shoreline management adaptation

strategy will require funding. Primary initial steps will be to evaluate sources of funding for each
community. Available funding will be a critical factor in determining which strategies are available to the
State.

The management scenarios presented are intentionally broad in their description. As the State of
Delaware works with stakeholders to develop strategies, the scope and approach for each management
scenario for each community should be reviewed in more detail. Refinements in the strategies could
generate cost savings and/or benefit increases. The data collected during this analysis has value for
conducting additional economic or technical analyses for revised management scenarios.

The State of Delaware has initiated several master planning activities and technical studies along the
Delaware Bayshore. The Delaware Bayshores Initiative, the Backbay Drainage Plans and the Plans for
restoring the federal and state managed lands along the Delaware Bayshore should be considered in
future planning. Each of these initiatives could affect decision-making as funding could be leveraged for
the shoreline management adaptations or goals/criteria in these other plans could affect the range of
potential management scenarios available for some communities. As an example, as noted several times
in the analysis, a significant driver that affects flood damages, which is not prevented in the management
scenarios analyzed, is the back bay flooding in these communities. Significant plans to reduce the back
bay flooding issues could affect the drivers for costs and benefits calculations for some communities.
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Legislative Workgroup Presentations



Minutes
November 12, 2010
Delaware Bay Beach Work Group

Senate Hearing Room, Legislative Hall

Introduction
Senator Brian Bushweller and Senator Gary Simpson — Co-Chairs of the Delaware Bay Beach
Work Group

Opening Remarks — Senator Bushweller

The Delaware Bay Beach Work Group is a group formed by Secretary Colin O’Mara, DNREC
for the purpose of looking at the difficult issues of beach erosion and marsh drainage and related
issues in the Delaware Bay Beach communities. The group is expected to come up with
recommendations for both short and long term actions for State and other levels of government
to address these problems. There is a public comment opportunity, for those of you from the
public and we look forward to any members of the public that would like to make comments at
that point.

Work Group - Roll Call
Senator Brian Bushweller — 17" District
Senator Gary Simpson - 18" District
Representative George Carey — 36™ District (Retired)
Senator Bruce Ennis — 14™ District
Senator Colin R.J.M. Bonini — 16" District — Not In Attendance
Representative Ruth Briggs King — 37" District
Representative E. Bradford Bennett - 32" District
Representative Peter C. Schwartzkopf — 14" District — Not In Attendance
Representative William J. Carson, Jr. - 28" District
Representative Harvey Kenton — 36" District
Representative Harold Peterman — 33" District
Susan Love on behalf Mrs. Sarah Cooksey — DNREC — Delaware Coastal Management
Program
Hal Godwin on behalf of Mr. David Baker — Sussex County Administrator
Mr. Tony Pratt —- DNREC — Administrator, Shoreline and Waterway Management
Section
Mr. Frank Piorko — DNREC — Director, Division of Watershed Stewardship
Mr. John Talley — Delaware Geological Survey
Mr. Michael Petit de Mange — Kent County Administrator
Mr. Michael Stroeh — Manger, Primehook National Wildlife - U. S. Fish and Wildlife
Service

Agenda Outlined



Agenda
Opening Remarks. Summary of issues, Secretary O’Mara’s invitation letter, path
forward. Co-chair, Members
Summary of Beaches 2000 parallels to bay beach issues. Tony Pratt
Open Discussion. All issues, process. Members
4. Work group processes. Development of issues and recommendations, timeline.
Members
Future meetings and work assignments. Co-chairs.
Public Comment.
7. Closing remarks. Co-chairs

wn e

o o

This group was formed after Secretary O’Mara and DNREC staff spent time in meetings with
legislators who represent the bay beach areas. The problems are basically beach erosion and
marsh drainage in the bay beach communities and some outside communities. These problems
have been developing for some time now and it is not incorrect to say in some cases that the
problems are starting to reach crisis proportions.

After the election in November 2008, legislators begin to meet with residences to develop a
greater understanding of the problems that we faced. In time there has been progress made but it
has really been minor progress, nothing major. We appreciate what progress has been
accomplished, it is good work. But, it’s fair to say that it has been no more than a band aid
approach and if we had another storm like the 2008 storm it would almost be just as bad as it was
then.

It is clearly appropriate for government, State government and county government to protect the
communities and residences of the bay beach communities. The residences pay property taxes
on their homes, they pay for the school districts and county taxes, and they pay real estate
transfer taxes. The counties issue building permits to build homes there, to rent homes there. In
the case of Kitts, Kent County is actually running a sewer line there. So government, various
levels of government, are undertaking any number of activities with regard to these communities
that suggests there is support for the continued development of these communities. Given that
fact, there is a legitimate argument to be made about the extent to which governments should
support these communities in their battle against, what some people may say, is the
encroachment of nature. But given all the other kinds of things we do, taxes we collect and so
forth, I think it is appropriate that we attempt to help these communities on behalf of the people.
It is also appropriate to discuss the long term impacts of the effect of nature on these
communities. The best example 1’m aware of, in my short term experience, is sea level rise. If
the projections of sea level rise are accurate the question is what will be the effect of that 30
years from now, 50 years and 100 years from now. These are important issue, what we do in the
short run and what can we discuss and should we be talking about relative to the long run.
People’s lives and properties are at stake and we need to take all of this very seriously.

Representative Carson is here and he represents, Woodland Beach, which currently is not part of
the statutorily defined beach and he has an interest and very good argument to say that maybe
Woodland Beach should be part of the statutorily defined beach.



Goals for Work Group:

1.
2.

3.

o

Develop recommendations for the Governor and General Assembly.

Protect the bay beach communities from the twin threat of beach erosion and marsh
drainage.

Develop those recommendations by March or April of 2011. Initial set of
recommendations by mid-January before next session begins.

Governor and General Assembly should be advised by this group of the seriousness of
the problems.

Get all parties focused on actual potential solutions.

Develop and/or strengthen positive working relationships between all parties involved,
legislators, DNREC, other agencies and the communities.

Work as closely together as possible and have a positive attitude about solving the
problems as we can.

Senator Simpson Remarks

1. Include agriculture, as the encroachment of flooding is causing a loss of farmland.

2. Economic issues need to be addressed.

3. Public safety. The roads leading into and out of the bay beach communities are
flood-prone and may create unsafe conditions.

4. Thank you to those from the bay beaches that have come out.

Tony Pratt — Summary of Beaches 2000 Project — State takes on nourishment of beaches.

Introduction of Public — Approximately 30 in attendance

Recommendation: Representative from DelDOT on Work Group

Susan Love - Handout — Sea level Rise Inundation Maps — Now the Sea Level Rise Inundation
Maps Work

Public Comments

Question asked if tires would be used to protect the shoreline.
What are we going to do now to resolve problems? (Runoff)
What do we do while another study is being done?

Home lost because of beach erosion.

Why Woodland Beach is not in study? Loss of property.
Look at areas that affect people.

Consider farm land for restoration.

Look at undeveloped area.

Saltwater destroying vegetation on farms halved all yields.
Loss of family heritage.

Concerns regarding the permitting process being too long.
Habitat Issues.

Overlap of government agencies.

Bowers Beach high tide all the time.



Primehook Beach water at back steps

Fix immediate problem.

Push sand to stop regular tide coming across and flooding without special permits.
Can’t push sand back after storm without a permit.

Agree with short term and long term assessments/goals.

Consider the cost of doing nothing.

Primehook under water.

Thanks for the aggressive timeline on the work.

Thanks for invitation to the public for participation.

Public safety is an immediate issue.

Drinking water is a concern in flooded areas.

Immediate problem is that people’s lives are being affected now.
After permit acquired why does it take so long for work to be done?

Timeline for Meetings

2" General Meeting — Monday, November 29, 2010 @10:00-1:00 Senate Hearing Room,
Legislative Hall

Tentative Draft Agenda:
Resources (Current)
Discussion of legal authority
Potential Funding Resources (possible coastal replenishment and tax district, lodging tax)
Cost benefit analysis
Sub-committees — Member selection
Drainage
Erosion
Funding/Budget
Tax Ditches
Short term recommendations/goals
Long term recommendations/goals
Address bottom line questions
Good Review of bay beach replenishment (PBSJ study)

3" Meeting — Wednesday, December 15, 2010 @10:00 — Legislative Hall
Tentative Agenda
Sub-committees work groups
Drainage
Erosion
Funding/Budget

4™ Meeting — Thursday, January 6, 2011@ 10:00 — Senate Hearing Room, Legislative Hall
Tentative Agenda
Review sub-committees work group recommendations.




10:00

10:10

10:35

10:45

11:10

11:20

11:30

11:45

12:45

Minutes
November 29, 2010
Delaware Bay Beach Work Group

Senate Hearing Room, Legislative Hall

Agenda

Opening Remarks, Introductions Co-Chairs

Presentation: Drainage and Minor Flooding Brooks Cahall
Programs
Funding
Legal Authorities
Permitting

Presentation: Beaches Tony Pratt
Programs
Funding
Legal Authorities
Permitting

Presentation: 2010 Management Plan for Tony Pratt
Delaware Bay Beaches

Presentation: Cost/Benefit Study Status Tony Pratt

Presentation: Tax Districts Andrea Kreiner
Legal Requirements
Process to Establish a Tax District

Break

Small Work Groups Co-Chairs
Review of purpose of workgroups
Work group process - Membership and discussion participation
Designation of small work group chairs
Membership sign up
Public attendance sign up

Meeting wrap up and next steps Co-Chairs



Senator Simpson — Work Group Roll Call
Senator Brian Bushweller — 17" District
Senator Gary Simpson - 18" District
Senator Bruce Ennis — 14" District
Senator Colin R.J.M. Bonini — 16™ District — Not In Attendance
Representative Ruth Briggs King — 37" District
Representative E. Bradford Bennett - 32" District
Representative Peter C. Schwartzkopf — 14™ District - Not In Attendance
Representative William J. Carson, Jr. - 28" District
Representative Harvey Kenton — 36™ District
Representative Harold Peterman — 33 District — Not In Attendance
Mrs. Sarah Cooksey — DNREC — Delaware Coastal Management Program
Mr. Hal Godwin on behalf of Mr. David Baker — Sussex County Administrator
Mr. Tony Pratt - DNREC — Administrator, Shoreline and Waterway Management
Section
Brooks Cahall on behalf of Mr. Frank Piorko — DNREC - Director, Division of
Watershed Stewardship
Mr. John Talley — Delaware Geological Survey
Mr. Michael Petit de Mange — Kent County Administrator
Mr. Michael Stroeh — Manger, Primehook National Wildlife - U. S. Fish and Wildlife
Service

DelDOT and Department of Ag members are not in attendance due to a communications
mix-up. They will be in future meetings and will receive the minutes from previous
meetings.

Senator Bushweller
Roll Call — Public Participants — 31

Primary purpose today is to hear several presentations about issues directly relate to and
will affect whatever kinds of recommendations or solutions that this group comes up
with. Keeping in mind that the whole idea was that at this meeting we would have these
presentations on these various topics. At the next meeting we will be breaking into
smaller groups, and addressing the 3 individual issues of drainage, erosion and funding in
the bay beaches.

Housekeeping Notes: Tony Pratt
Binders
Minutes will be handed out at the December 15, 2010 meeting.
Secretary Colin O’Mara may stop in.



Presentations:

You may view presentation slides at:
www.swc/dnrec.delaware.gov/shoreline/pages/delawarebaybeachworkgroup.aspx

Brooks Cahall — Drainage Presentation
Tony Pratt — Shoreline and Waterway Management Presentation
Andrea Kreiner — Tax District Presentation

Management Plan for the Delaware Bay Beaches Executive Summary prepared by PBS&J:
http://www.swc.dnrec.delaware.gov/Pages/default.aspx

William Meredith — DNREC - Division of Fish and Wildlife — Mosquito Control
(Submitted by William Meredith)

The coastal marsh at South Bowers was originally parallel-grid-ditched back in the 1930s
by the CCC, during an era when such work was done over thousands of coastal wetland
acres in Delaware. The idea back then was “drain the swamp” to ostensibly lower
mosquito production within the marsh. This approach only had mixed results in terms of
providing effective or satisfactory mosquito control. But even back in the 1930s, wildlife
biologists became aware of some detrimental environmental impacts associated with
parallel-grid-ditching, particularly in the form of drainage or dewatering of larger marsh
ponds or pannes that served as important feeding, resting or nursery habitats for estuarine
fishes and invertebrates, and for waterfowl, wading birds and shorebirds, plus for aquatic
furbearers such as muskrats or otters.

The last time these parallel-grid-ditches were systematically re-cleaned would have been
in the mid-1960s, at a time when Mosquito Control was under the Highways Dept.
Starting in the 1970s after Mosquito Control was transferred to DNREC, an unwritten
policy-in-practice was initiated by both the Division of Fish and Wildlife and its
Mosquito Control Section to no longer routinely or systematically re-clean old parallel-
grid-ditches for any purposes, with both natural resource managers and wetland
regulators having become more aware of the detrimental impacts to wetland values and
functions of possibly continuing to re-clean these parallel-grid-ditches; as such and unless
some old grid-ditches were to possibly become part of new “Open Marsh Water
Management” (OMWM) systems, these old parallel-grid-ditches would be allowed to
slowly naturally fill in with tidally-borne sediments, with an objective of someday
allowing a marsh’s topography and hydrology to be naturally restored.

The new OMWM approach to saltmarsh mosquito control, which originated in New
Jersey in the 1960s and was adopted in Delaware starting in 1979, is a source reduction
approach designed to reduce or eliminate the need for chemical larviciding to treat
saltmarsh mosquitoes, with OMWM primarily relying on selective installation of shallow
ponds and spur ditches installed only in areas of the marsh that produce a lot of saltmarsh
mosquitoes (and typically such mosquito breeding areas aren’t found in more than about
10-20% of a marsh’s total area, primarily in the higher, infrequently-flooded areas of the
marsh often near or along upland borders). OMWM makes very little use of open, tidal
ditches, in that most OMWM ponds and ditches are “closed” to routine or daily tidal



exchanges, in that tidal flooding or changeover in water within OMWM features occurs
primarily only during lunar spring tides (near times of full or new moons) or during
coastal storms. OMWM ponds and spur ditches help reduce saltmarsh mosquito
production by usurping mosquito egg-laying habitats in the high marsh (whereby
saltmarsh mosquitoes first have to lay their eggs on moist muds that then aren’t flooded
or inundated for several days, whereas OMWM ponds and ditches contain permanent
standing water in which saltmarsh mosquitoes can’t deposit viable eggs), and by
providing permanent habitats for native larvivorous fishes within mosquito breeding
areas of the marsh. It should also be noted that the “Open” word in “Open Marsh Water
Management” refers to the fact that this source reduction technique does not rely upon
any dykes or levees to serve its needs (with dykes and levees usually associated with
coastal impoundments), whereby OMWM is practiced in the “open” marsh and does not
obstruct or preclude the natural or normal flooding of marsh surfaces in any manner —
surface floodovers continue in unfettered manner within OMWM-treated areas.
Additionally, and really more consequentially for whatever might now be done, in
today’s ecologically-enlightened age federal and state wetland regulatory agencies would
no longer permit widespread or systematic re-cleaning of the old parallel-grid-
ditches in the name of mosquito control. Permission to install Mosquito Control’s
modern OMWM systems now necessitates site-specific, project-specific approval by the
Delaware Mosquito Control Advisory Committee (DMCAC), composed of 4 federal
agencies — Corps of Engineers, EPA, USFWS, NOAA/NMFS — and 4 state agencies —
DNREC/Wetlands Section, DNREC/DCMP, DNREC/Wildlife-DNHP, and SHPO (as
represented by DNREC/Parks). Once such project approval is issued for any proposed
project site, then OMWM systems are installed in accordance with all the other
prescriptions in Mosquito Control’s 5-year statewide OMWM permit that’s issued by the
Corps of Engineers, being a type of Clean Water Act Section 404 wetlands permits (the
reissuance of this 5-year permit also involves intensive review by all the federal and state
agencies cited above, plus public review and comment).

Mosquito Control’s 5-year statewide OMWM permits, which have been sequentially
issued to us by the Corps of Engineers going back to 1979, allows us to alter marshes
only when and where needed for mosquito control purposes, and only in manner that
directly serves mosquito control needs, and has to be done in manner having minimal
environmental harm or collateral damage to other aspects or features within the marsh.
We would not be permitted under our OMWM permit to routinely or even infrequently
re-clean the old parallel-grid-ditch network to any great extent for any alleged purposes
of mosquito control, let alone do any type of parallel-grid-ditch re-cleaning for any
floodwater relief; nor create or install any new open tidal ditches to any great extent for
purposes of mosquito control, and not at all for any floodwater relief. Any type of old
grid-ditch re-cleaning or any new ditch creation involving a large network of open tidal
drainage ditches would require somebody else (i.e. another agency or entity) getting a
new type of wetlands permit from the Corps, and possibly from DNREC too.

Some re-cleaning of the old parallel-grid-ditches, or some installation of new open tidal
ditches, at times in some locations can be part of our new OMWM networks if truly
serving mosquito control purposes (as possibly proposed by us and then approved by
DMCAC), which might then in secondary manner also have some corollary beneficial
effects for helping to “dewater” the marsh to assist with floodwater relief.



If for purposes of better floodwater relief in our coastal wetlands, the DWS/Drainage
comes up with site-specific, appropriate floodwater relief engineering designs involving
open tidal ditches or other drainage features, along with the DWS/Drainage then also
securing all needed landowner permission along with any required federal or state
wetlands permits in order to construct or implement the drainage designs, the Mosquito
Control Section would then be glad to continue to assist our DWS colleagues in any
marsh or ditch excavation work needed to effect the desired outcomes, involving our
specialized heavy marsh equipment and our skilled equipment operators at no cost to the
DWS. To date we have helped in this manner the best we could at no charge to the
DWS, collaboratively doing whatever we can within limits of our staff and operational
resources. However, if such ditching work in the future per request of the DWS might
become too much or too expensive for Mosquito Control to afford, then we would start to
look for at least some *“at-cost compensation” from the DWS and its sources of funding.
And if in the future such drainage ditching might be contracted out by the DWS or other
parties to private entities, then the Mosquito Control Section would want to be part of
whatever permit review process might be associated with such ditching projects, to be
sure that whatever might be done in the field doesn’t increase any mosquito production
problems.

In regard to getting private landowner permission or cooperation for such drainage ditch
projects for purposes of floodwater relief, it must be kept in mind that not all
marshowners willingly will give such permission or want to cooperate, particularly when
or where drainage ditching might adversely affect marsh wildlife habitats that a
landowner wants to maintain or protect — e.g. if a drainage ditch might then dewater a
pond or panne area valuable as waterfowl habitat. Successfully addressing these types of
landowner situations might take a lot of finesse or cajoling, perhaps a considerable
amount of compromise, and possibly even some changes in the law if the only way to
resolve an issue might then unfortunately have to involve one party “winning” and
another party “losing” — obviously you might then be dealing with issues of “what’s for
the common good” versus “private property rights.”

Finally, in many sites where re-cleaning old drainage ditches or cutting new drainage
ditches might be thought to help with floodwater relief (in terms of more quickly
removing standing flood waters from a marsh), you also have to have somewhere to
connect the drainage ditches into deeper, more open water bodies (e.g. Delaware Bay)
that’ll then receive the ditches’ runoff water during receding or low tide periods. If you
can make such drainage connections to a natural tidal river or creek in the back-marsh
that then eventually drains into Delaware Bay, all for the good. But if at a given marsh
site there are no nearby back-marsh tidal rivers or creeks to readily make such tidal
connections, and you then have to try to cut or re-cut and then maintain a new drainage
outlet directly into Delaware Bay through a barrier beachfront, “good luck” with keeping
this drainage outlet open to the Bay from the effects of silting-in! (or conversely in some
areas, possibly having the new outlet become greatly enlarged by storm or wave action to
then let more floodwater into the marsh than ever before!). Establishing and maintaining
an appropriately controlled and faithfully functioning drainage outlet into the Bay will
require a lot of engineering design, the construction and installation of often rather
expensive water control structures, and a fair amount of routine maintenance work along
with some emergency repair efforts too, all to be performed or undertaken by the DWS or



other appropriate entities (e.g. a Conservation District, a municipality, the county, a well-
heeled property owner, a homeowner’s association, a Tax Ditch organization, etc.).

Secretary, Colin O’Mara - Remarks

Thank you for taking the time, these are tough issues. I think too often, these kinds of
conversations don’t take place. Serious people, talking about serious issues, the constraints we
have financially, and the challenges we all face. Because of Senator Bushweller’s and Senator
Simpson’s leadership we’re taking the time to have what needs to be a serious conversation to
help take more proactive steps. We are not keeping up with the demands in many of your
communities we need to find long term solutions. And really the solutions are going to come
from a combination of State government, our partners at the counties, our partners at the federal
level and all of you. Our challenges are great and the resources are few. So, | hope that you can
see some of the brilliant people that | have the pleasure of working with everyday, Tony, Brooks,
Sarah and others. We are trying to be completely honest about where we are. Because like Tony
said we could spend half a billion dollars on these challenges and maybe still not solve all the
problems in the long term. So, trying to figure the best short term investments, long term
investments, how do we fund it and how do we make sure that the solutions are sustainable. 1
have enjoyed time in all of your communities and they are absolutely beautiful. They are a great
place to live, my wife and | really enjoy the bay beaches even more so then some of the ocean
beaches. Fewer people and a different feel and we want to find a way to preserve that as much
as possible. And at the same time be honest with some of the scientific challenges that we face. |
am grateful to all of you. These are tough challenges and 1 think it says a lot about people who
want to talk about tough issues and come up with some resolutions. Thank you very much for
engaging with us and Dr. Talley too. This is a conversation that is well overdue. And hopefully
with the leadership of the elected officials we will have some recommendations for some things
we can do in the short term and then some long term conversations we need to do a little more
study on. | would be happy to answer any quick questions but you have the “A” team from
DNREC, Sarah Cooksey and Tony and some others. The fact that we are out of session right
now and there are so many legislators that are committed to show how serious we are all taking
these issues. There are some solutions but we all need to work really closely together to figure
out how we can make progress. Because this is a really important and pristine part of Delaware
that we need to do everything we can to enhance and preserve, both for the environment and the
local economy. Thank you for having me and thank you for coming down and helping us with
these tough challenges.

Senator Bushweller

The interest stemmed from the bay beach legislators and Secretary O’Mara came up with the
idea of forming a formal work group to formally study and address the issues. As Secretary
O’Mara just said short term and longer term recommendations for dealing with the problems.
We think it is a great partnership and we appreciate your efforts.

Sub-Work Groups — Senator Bushweller
Andrea Kreiner, of A. Kreiner Company, has been hired by DNREC to help facilitate the
sub-work groups.



The purpose of the sub-work groups are to discuss and try to reach an agreement on
recommendations for how the State, perhaps in conjunction with the counties, that depends on
the recommendations on what they decide, and/or municipalities and/or unincorporated
communities in the area and residents in the areas affected, on how we will deal with the
problems that have been well identified with regard to beach erosion and drainage. There has
been much discussion, much from me, to have some recommendations for the General Assembly
and the Governor prior to the time that the General Assembly reconvenes on January 11, 2011.
Some of the issues are complicated and to come up with highly specific recommendations, like
drainage, which is the toughest one, for each bay beach communities, with regards to the
drainage issues in their communities can be difficult. But what | am personally hoping is that at
the December sub-work group meetings that we will be able to come up with some
recommendations that definitely get us started addressing the issue of drainage. And give the
General Assembly and the Governor some substances to chew on as they consider both
legislative issues and funding issues relative to the drainage issue and the same goes to the
erosion. The big difference in erosion and drainage is that DNREC has already engaged and
gotten the report from PBS&J consultant group with regards to erosion so we have some
substance and tangible to chew on in regard to erosion. We do not have that same level of study
and recommendation from the consultant community in regard to the drainage. We do have
some but they are definitely at different stages of their development. The sub-work groups
should be focused on the suggested recommendations that they might be able to make in time for
the January session, as best they can, recognizing that some of the issues are going to take longer
than that to deal with. We are looking at this group convening for approximately one year. We
want the sub-work groups to be very representative of not only the basic Work Group that the
Secretary appointed but also the public, the members of the communities.

The public will have the opportunity to hear all the discussions and participate at the sub-work
groups.

When it comes to official voting it will ONLY be the members that have been appointed by
Secretary Colin O’Mara who will be able to cast a vote.

We are not going to come up on December 15 with the plans to solve the erosion and drainage
problems for the bay beach communities. But what | do hope happens is that we come up with a
set of recommendations that definitely get us started addressing those two big issues.

Discussion on what is a short and a long term recommendations - Depends on which of the
issues (drainage, erosion and funding) we are talking about.



Schedule - Sub-Work Group Meetings

December 15, 2010 — House Hearing Room
EROSION
9:00 am —11:00 am

Chair — Representative William Carson, Jr.

Tony Pratt — DNREC — Watershed Stewardship

Michael Stroeh — US Fish and Wildlife Service

Representation Harvey Kenton

Sarah Cooksey — DNREC - Delaware Coastal Management Program (DCMP)
John Talley — DE Geological Survey

Representative E. Bradford Bennett

S~ wd P

Public Participants

Ron Hunsicker — Town of Bowers
2. Jim Kirkbride — Pickering Beach
3. Mark Wells — Slaughter Beach

5. Frank Draper — Slaughter Beach
6
7
8

=

K. L. Bertino — Kitts Hummock

. Larry DeVore — Prime Hook Beach

. Terri DeVore — Prime Hook Beach
9. Jim Bailey — Broadkill Beach (NO EMAIL AVAILABLE)
10. Bob Conte — Broadkill Beach (NO EMAIL AVAILABLE)
11. Jane Laughlin — South Bowers Association (NO EMAIL AVAILABLE)
12. Bob McDevitt — Town of Bowers (NO EMAIL AVAILABLE)
13. Nancy Lawson — Pickering Beach
14. Steve Masten — Slaughter Beach
15. Wyatt Hammond — Broadkill Beach
16. Kim McKenna — DNREC — Watershed Stewardship
17. John Robinson — Prime Hook Beach
18. Barbara Conlin — Kitts Hummock
19. Wendy Carey — Sea Grant, University of Delaware



DRAINAGE
12:00 noon — 2:00 pm

Chair — Representative Ruth Briggs/King

Michael Stroeh — US Fish and Wildlife Service

Sarah Cooksey — DNREC — Delaware Coastal Management Program (DCMP)
Brooks Cahall - DNREC - Drainage - Watershed Stewardship

Representative Harvey Kenton

Senator Brian Bushweller

Bill Meredith — DNREC — Mosquito Control

John Talley — DE Geological Survey

NogakrownhE

Public Participants
1. Ron Hunsicker — Town of Bowers
2. Jim Kirkbride — Pickering Beach
3. Steve Masten — Slaughter Beach
5. Frank Draper — Slaughter Beach
6. K. L. Bertino — Kitts Hummock
7
8

. John Robinson — Prime Hook Beach
. Terri DeVore — Prime Hook Beach
9. Larry DeVore — Prime Hook Beach
10. Cindy Miller — Prime Hook Beach
11. Barbara Conlin- Kitts Hummock
12. Jane Laughlin — South Bowers Association (NO EMAIL AVAILABLE)
13. Bob McDevitt — Town of Bowers (NO EMAIL AVAILABLE)
14. Nancy Lawson — Pickering Beach
15. Mark Wells — Slaughter Beach
16. Al Izzarone — South Bowers (NO EMAIL - CANNOT READ HANDWRITING)



FUNDING

2:30 pm —4:30 pm

Chair — Senator Bruce Ennis

1.

2
3.
4.
5

Mike Petit de Mange — Kent Co. Administrator

. Tony Pratt —- DNREC — Watershed Stewardship

Dave Baker and/or Hal Godwin — Sussex County
Sarah Cooksey — DNREC — Delaware Coastal Management Program (DCMP)
Brooks Cahall - DNREC - Drainage — Watershed Stewardship

Public Participants

16
17

Jane Laughlin — South Bowers Association (NO EMAIL AVAILABLE)
Bob McDevitt - Town of Bowers (NO EMAIL AVAILABLE)
Jim Kirkbride — Pickering Beach
Steve Masten — Slaughter Beach
Wyatt Hammond — Broadkill Beach
Al 1zzarone — South Bowers - (NO EMAIL — CANNOT READ HANDWRITING)
John Nicosia — Prime Hook Beach
Jim Bailey- Broadkill Beach (NO EMAIL AVAILABLE)
John Chirtea — Prime Hook Beach
. Richard Allan — Prime Hook Beach
. Ron Hunsicker — Town of Bowers
. Nancy Lawson — Pickering Beach
. Mark Wells — Slaughter Beach
. Larry DeVore — Prime Hook Beach
. Terri DeVore — Prime Hook Beach
. Ray Medvedik — Prime Hook Beach
. K. L. Bertino — Kitts Hummock

Andrea Kreiner will prepare the recommendations from the sub-work group meetings.

4™ Meeting — Thursday, January 6, 2011@ 10:00 — Senate Hearing Room, Legislative Hall

Agenda
Review sub-work group recommendations.



Delaware Bay Beach Work Group
Minutes
And
Short Term Recommendations to the
Governor
And the General Assembly
Senate Hearing Room, Legislative Hall
Thursday, January 6, 2011
Senate Hearing Room
10:00 am — 1:00 pm
Agenda
Introduction: Senator Bushweller and Senator Simpson
Sarah Cooksey — Sea Level Rise Handouts
Sub-Work Groups — Presentations and Discussions:
Erosion — Chair — Representative William Carson, Jr.

Drainage — Chair — Representative Ruth Briggs/King

Funding — Chair — Senator Bruce Ennis



Introduction: Senator Bushweller
Welcome to our 3" general meeting.

The goal of today’s meeting, you can see the agenda, is to formulate as best we can a series or
list of recommendations with regard to the three issues on the table, the erosion issues, the
drainage issues and funding issues that we could present to both the Governor and the General
Assembly by next week when the General Assembly comes back next Tuesday. With the
recognition that these are initial recommendations that we feel we can make at this point without
having fully aired out, discussed, studied, and debated all the fundamental issues involved with
these things. But also with the hope that by making some initial recommendations we can
accomplish maybe two things: 1) To get the recommendations out there and 2) to start creating a
much more greater awareness of the issues that are involved with our bay beach communities
and the difficulties our bay beach communities face. My hope is that we will create much more
awareness among not only the General Assembly and the Administration but also among the
general public. That process alone will help us move towards some good decisions both of a
short term nature and a long term nature. As we discuss these possible recommendations today,
we also need to keep in mind that they are just initial recommendations and they are being made
prior to the time when we’ve really developed a full body of data and had the full discussion that
we should have before making firm long term recommendations. Keep in mind that whatever we
recommend today needs to fit in with what we might conclude as we go down the road with the
process and that is not an easy thing to do because we do not know what actually is going to
happen in the process.

Senator Simpson

I want to thank you on behalf of my co-chair for your attendance at these three meetings. They
have been extremely well attended by members of all the bay beach communities and I think it is
recognition of these important issues. Like, Senator Bushweller said, we need to make the public
aware of what is happening along our bay beaches. 1 do not know how many of you saw the
program on WBOC TV regarding Primehook that is an awareness of the issues we are talking
about. We have to keep impressing this issue on the public because it does hold so much
importance for the State. Again, I thank you for your participation in the sub-work group
meetings they were all extremely well attended. It is important that we move forward with our
short range and then come back with our long range issues.

Path Forward

Senator Bushweller

First let me thank all the members of the public that have been here for our three initial meetings
and the members of the work group who have worked so hard to come up with these short term
recommendations. Frankly, while there is a whole lot of work ahead of us [ am very pleased
with how this has gone so far. We now begin a different faze for this work group. We have
been focused in these first 3 meetings on these short term recommendations, things that we could
recommend as we discussed by next week. We have a set of recommendations that I think
accomplishes at least one broad overarching goal and that is they will help draw more attention



to these bay beach issues that already exist. There will be more attention on the part of the
Executive branch and part of the Legislative branch and the part of the general public. We have
accomplished an important goal in addition to the specifics of those recommendations in this
overarching kind of a thing here.

We are now going to embark upon a longer term process where we start to put a lot of flesh on
the bones with regards to all the issues we are addressing. Including, I need to note on the issues
of the long term which has been out there from the beginning in the Secretary’s letter creating
the work group. The long term issue of how do we in fact deal with the apparently inevitable
encroachment of the sea on our bay beach communities and areas in what some people consider
to be the alternately unwinnable fight of protecting the bay beaches from the sea level rise and
the other factors affecting the problem. That is going to be tough, but frankly I look forward to
that because I think that from the public policy perspective it is as much an obligation of
government to address that issue now as it is to address the shorter term issues.

We have not had any discussion at all, and I want to defer to my co-chair, about our next
meeting, and the agenda. I am thinking perhaps at the next work group meeting we need to talk
about how this work group will function, going forward given everything we have done so far.
We know some things because we decided them today.

We are going to create 2 new sub-groups - 1 for drainage, 1 for erosion addressing the
matrices.

Continue a sub-group addressing possible ways of funding these plans.

Review the Beach Preservation Act

The primary purpose of the next meeting will be to discuss how we are going to conduct
ourselves over the next year to 18 months or however long we are in existence. We need to go
back at the Secretary’s letter creating the work group and look at why we were created again and
come up with a plan.

Senator Simpson — Tony what is the timeframe are we looking at regarding the cost benefit
analysis?

Tony — We are in the process of contracting with a firm now. We have gone through the
solicitation process. We met with the top rank contractor. At one point we were waiting for them
to get back to us with product that we can begin to react to and get some cost. Hoping that by the
end of January that we have them under contract and they begin their efforts. Maybe we can
meet quarterly, going into the mid-term. We will probably task our contactor with making a
quarterly presentation, to report where they are so that this group has a chance to interact to raise
some expectations in the confine of the contract. So at the end there will be no surprises. And
maybe do something similar on the drainage side if we do any contractual engineering work we
will bring in that contractor also.

The development of the matrices is important and the two funding issues we have hanging out
there we want to talk about. We have enough to probably meet on a quarterly basis.



Next Meeting — Friday, April 8, 2011 @ 10:00-4:30 pm in the Senate Hearing Room,
Legislative Hall (Drew Slater reserving the room)

Members of the public are invited.



DELAWARE BAY BEACH WORK GROUP
APRIL 8, 2011
SENATE HEARING ROOM, DOVER
10:00 — 1:00 PM
AGENDA
1. Presentation by JMT, Bay Beach Economic Analysis contractor — Jim Eisenhardt

2. A review of the short term recommendations — Senator Brian Bushweller and Senator Gary
Simpson

3. Establishment of a work group to develop a decision making matrix for erosion - Senator
Brian Bushweller and Senator Gary Simpson

4. Establishment of a work group to develop a decision making matrix for drainage - Senator
Brian Bushweller and Senator Gary Simpson

Call to Order — Senator Bushweller — Delaware Bay Beach Work Group — Purpose of Meeting

Tony Pratt
Introduction - Jim Eisenhardt — Johnson, Mirmiran & Thompson
e Presentation — Economic Analysis of the Delaware Bay Shoreline Management
Alternatives (Presentation posted on the Delaware Bay Beach Work Group Website)

Recognition of new Work Group members - Gene Donaldson and Ralph Reeb — DelDOT

Senator Bushweller — Agenda Item #2 — Review Short Term Recommendations

Agenda Items 3 and 4 are part of the short term recommendations. One of the most
significant of the short term recommendations had to do with the implementation of the PBS&J
Study.

Tony Pratt - PBS&J identified the borrow areas in deeper waters so that the commercial
dredges could get in and out more readily and that they had good quality sand. We are
pursuing the identification of those areas, the permitting of those areas and we are well
into that. PBS&J calls for the first phase of the two will be done FY 2013/14. We are on
track to have that done.

Senator Simpson — The Governor did delete $1.1 million in beach replenishment funds out of
this year’s budget. Legislators will be attempting to get that back into the budget.

Tony Pratt - Agenda Item #3 — Establishing a matrix for erosion before the study by JMT would
be premature. Tony made a recommendation that the Work Group wait until the fall to organize
a group. The Delaware Bay Beach Work Group agrees with that recommendation.



Frank Piorko - Agenda Item #4 - Handout given — Delaware Bay Beach Communities Drainage
Assessment — Scope of Services (Posted on Delaware Bay Beach Work Group Website)

Frank Piorko will organize the matrix sub-committee work group for drainage and will
present those names serving on the sub-committee to Senator Bushweller and Senator
Simpson. Senator Bushweller expressed that he would like members of the communities
to be involved in this sub-committee. Senator Simpson expressed that a couple of
students from Delaware State should be involved as part of their education. Mike
Costello is interested in being a part of the sub-committee per Senator Bushweller.

All meetings will be posted on the Delaware Bay Beach Work Group website. Meeting dates
and times are also available by accessing the State of Delaware Public Calendar at
http://delaware.gov/egov/calendar.nsf, Work Group meetings are posted on the Public
Calendar 7 days prior to the date of the meeting.

Senator Bushweller — We would like to meet quarterly but that would put us in the middle of
summer the suggested next meeting is September 16, 2011.

Next Meeting — September 16, 2011 — 10:00 — 1:00 pm — Senate Hearing Room, Legislative
Hall, Dover



Economic Analysis of the Delaware Bay Shoreline
Management Alternatives
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Next Steps

Discussion




Study Area/Communities

kering Beach

itts Hummock

ughter Beach




Study Area/Communities

BRI, Sk Coaslal Communities R

&7 Nem P
M Limits
FEMA Flood Zone

& swopn

non

[ oy
L athh et




Approach

Developing Strategy with DNREC — Integrated Partner Throughout

Determine desired range of outcomes and economic assessments

Collect Data in support of selected scenarios and economic
assessments

Complete coastal engineering modeling and alternative protection
concept development and model scenarios

Complete economic models

Develop presentation materials for policy makers, agencies and
public




Approach

Data Collection/Assessment - Strategy Development (PHASE 1)
Economic Analyses following FEMA/USACE standard protocols (PHASE 1)
Flood Damage Assessment
Affected Property Inventories - Surveys (PHASE 1A)
Coastal Hazard Modeling - Flood/Surge Elevations (PHASE 1B)
Shoreline Adaptation Alternatives Development (PHASE 1C)
Storm Damage Reduction
Cost Estimates
FEMA BCA models (PHASE 1D)
Economic Analyses determining regional benefits from proposed actions (PHASE 2)
Tourism/Recreation
Property Valuation
Ecosystem Benefits - Natural Resources Valuation
Public Outreach/Education/Expert Testimony (PHASE 3 - throughout)
General Public
Stakeholder Coordination
Delaware Bay Shore Task Force
Affected Communities
Documentation/Reporting (PHASE 4 - throughout)




Approach/Status

ECONOMIC ANALYSIS OF DELAWARE BAY SHORELINE ADAPTATION ALTERNATIVES PROJECT APPROACH SUMMARY JMT"‘““’""“'""‘"“"“"‘
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Database

Attributes of DE_Bay_Bld C=SEal X

OBJECTID SHAPE=® | JMTID ParcellD_PIN 5t_Address City County Community
921 | Polygon £ | BK1759 | 235-3.12-26.00 & NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
1340 | Polygon Z | BKATO9E | 235-3.12-103.00 3 MISSISSIPP| AW BROADKILL BEACH Sussex County | Broadkill Beach
992 | Polygon £ | BK1881 | 235-8.00-134.00 Y CT BROADKILL BEACH Sussex County | Broadkill Beach
591 | Polygon £ | BK1880 | 235-8.00-139.00 Y CT BROADKILL BEACH Sussex County | Broadkill Beach
990 | Polygon £ | BK1879 | 235-8.00-138.00 Y CT BROADKILL BEACH Sussex County | Broadkill Beach
830 | Polygon Z | BK1878 | 235-8.00-1356.00 Y CT BROADKILL BEACH Sussex County | Broadkill Beach
038 | Polygon Z | BK17EE | 235-3.12-10.01 1402 N BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
927 | Polygon Z | BK1767 | 235-3.12-67.00 2 TEXAS AV BROADKILL BEACH Sussex County | Broadkill Beach
035 | Polygon Z | BK1765 | 235-3.12-30.00 T ARFZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
5094 | Polygon £ | BK1883 | 235-8.00-132.00 Y CT BROADKILL BEACH Sussex County | Broadkill Beach
883 | Polygon £ | BK1762 | 235-3.12-11.00 12 ARZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
1008 | Polygon Z | BK286 | 235-0.00-28.00 TURKLE POND BROADKILL BEACH Sussex County | Broadkill Beach
830 | Polygon Z | BK1758 | 235-3.12-25.01 5 ARZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
970 | Polygon £ | BK1757 | 235-3.12-25.00 4 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
978 | Polygon £ | BK1756 | 235-3.12-13.00 2 ARZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
977 | Polygon £ | BK1755 | 235-3.12-24.00 2 NEW MEXICO AV BROADKILL BEACH Sussex County | Broadkill Beach
976 | Polygon Z | BK1754 | 235-3.12-23.00 1 AREZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
975 | Polygon £ | BK1751 | 235-3.12-12.00 5 CALIFORNLA AV BROADKILL BEACH Sussex County | Broadkill Beach
974 | Polygon £ | BK1750 | 235-3.12-22.00 3 AREFONA AV BROADKILL BEACH Sussex County | Broadkill Beach
973 | Polygon Z | BK1749 | 230-24.00-3.00 2 CALIFORNLA AV BROADKILL BEACH Sussex County | Broadkill Beach
024 | Polygon Z | BK1763 | 235-3.12-66.00 1 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
102§ | Polygon Z | BK305 | 235-9.00-7.00 BROADKILL RD BROADKILL BEACH Sussex County | Broadkill Beach
1055 | Polygon Z | BK336 | 235-10.00-38.00 2821 5 Bay SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
1085 | Polygon Z | BK335 | 235-10.00-13.00 2808 5 Bay SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
1053 | Polygon £ | BK333 | 235-10.00-37.00 2819 5 Bay SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
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Database

JMT_Classific Re=s_Bldg_Type NRe=_Bld| HNRes_Bldg_Name Constr_Type FoundationType | KentFo| FF_SQFT | Bldg_SQFT | Kent S =
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 1423 8307 | 28476581479 | <Null= |:|
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Slab | =Mulk= 11316068 | Z263.213620 | <Mulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzpace | =MNull= 20656480 | 2065648072 | <MNulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzspace | =Null= 2347 8437 | 2347843771 | <MNulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzspace | =Null= 2816.7206 | 2816.7209650 | <Mulk-
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzspace | =Null= 036 8643 | 3036.0654387 | <Mulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Pile | <Mulk= 1456 5210 | 1456521015 | <Mulk=
<Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= 1452 88581 | 1452.885106 | <MNull=
Residential One-Story without Basement | <Null= <Mull= Engineered Pile | <Mulk= 1270.3472 1270.34724 | <MNulk=
Residential One-Story without Bazsement | <Null= <Mull= Engineered Crawlzpace | <Nulk= 240513585 |  2405.13584 | <Mull=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 13428284 | 26855585854 | <Null=
Residential Mobile Home | <Null= <Mull= Pre-Engineered Crawlzpace | <Nulk= 12332701 | 1233270104 | =Null=
Residential One-Story without Bazsement | <Null= <Mull= Engineered Pile | =Mull= 1654 0855 | 16854.085552 | <MNull=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 1150.1438 23802878 | <Mulk=
Residential One-Story without Bazsement | <Null= <Mull= Engineered Pile | =Mull= 1751.8625 | 17591.862604 | <Null=
<Mull= <Mull= =Mull= <Mull= <Mull= =Mull= <Mull= 1353.5004 | 1353.500451 | <Mull=
<Mull= <Mull= =Mull= <Mull= <Mull= =Mull= <Mull= 1773371 | 177337153 | =Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 1520.7658 | 3041.531833 | <Null=
Residential One-Story without Bazement | <Null= <Mull= Engineered Pile | =Mull= 14254747 | 1425474745 | <Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 155516559 | 3118.331533 | <Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 11701088 | 2340217855 | <MNull=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlspace | =Null= 10386557 | 1038.855732 | <Nulk>
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 4426.88859 | 8353.777951 | <Nulk=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 2711.4743 | S422.948714 | =Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 1752.0482 | 3504.096548 | <Null> =

1 | 1] [ 3
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Database

Attributes of DE_Bay Bld Lo L S

KentFo| FF_SQFT | Bldg SQFT | Kent Sq F| Tax_Value | Building| Land T f Misc Tax { L5 _Valu | BRV FFE delta_elev] FEMA_Fldzn

none 2754 5252 | 2754.525224 0 89200 0 7200 22000 | <Mull= <Null | <Mull= & | <Nulk= AE Mo On S|:|
none 22830.056 | 22830.05673 0 89200 0 7200 22000 | <Mull= <Null | <Mull= & | <Nulk= AE Mo OnS
none 8508.64762 | 853.647623 0 89200 0 7200 22000 | <Mull= <Null | <Mull= & | <Nulk= AE Mo OnS
none 22819.923 | 2281092304 0 89200 0 7200 22000 | <Mull= <Null | <Mull= & | <Nulk= AE Mo OnS
none 3204 04038 | 6580.80072 0 135700 | 109500 8700 23100 | =Mull= <Null | 8.830113 6| 2830113 | AE es On S
none 21106303 | 4221.373792 960 27300 41600 | 25300 20400 | =Mull= <Null | 10.745928 10 | 0.7459026 | AE es On 5
none 5165.0426 | 5165042666 960 27300 41600 | 25300 20400 | =Mull= <Null | 10670082 8| 2870082 | AE es On 5
none 5710.3564 | 5710358455 960 27300 41600 | 25300 20400 | <Mull= <Null | <Mull= 8 | <Nulk= AE Yes OnsS
none 1181.9032 | 1181.993226 960 27300 41600 | 25300 20400 | =Mull= <Null| 1183067 8| 3630689 | AE es On 5
none 438.30408 §32.30408 960 27300 41600 | 25300 20400 | =Mull= <Null | 12415742 8| 4419742 | AE es On 5
none 873.23167 | 873.231673 960 27300 41600 | 25300 20400 | =Mull= <Null| 1214983 3 414023 | AE es On 5
none 1883.2370 | 1833.237084 960 27300 41600 | 25300 20400 | =Mull= <Null | 11.915713 8| 3919713 | AE es On 5
none 330093461 | 3300.845113 960 27300 41600 | 25300 20400 | <Mull= <Null | <Mull= 8 | <Nulk= AE Yes OnsS
CRL 1185.6661 | 1185.666161 1864 61100 35500 2400 15800 | =Mull= <Mull 928 & 3.26 (VE No On 5
CRL T65.28937 | 765.289375 1964 51100 35900 &400 15800 | =Mull= =Null | =Null= & | =Null= VE Mo Ons
CRL 27124935 | 2712.45935852 1964 51100 35900 &400 15800 | =Mull= =Null | 11.215923 10 1.219923 | VE Mo Ons
CRL 3088.5760 | 8197152182 3740 69300 35700 | 203500 13100 | =Null= =Null | 14.210285 14 | 0.210289 | AE Mo Ons
CRL 2731.9106 | 5503.821282 3061 73300 3000 G200 11300 | =Mull= =Null | 12.820012 10| 2.8200M2 | VE Mo Ons
CRL 1052.8709 | 2105.741824 3061 73300 3000 G200 11300 | =Mull= =Null | =Null= & | =Null= VE Mo Ons
CRL 21998710 | 4399.742089 3061 73300 3000 G200 11300 | =Mull= =Null | =Null= & | =Null= VE Mo Ons
none 11498745 | 1149874557 530 30,300 12200 | 10000 S100 | =Null= =Null | 7830012 4| 3530012 | AE es Ons
none 10445678 | 2089.135675 530 30,300 12200 | 10000 S100 | =Null= =Null | =Null= G | =Null= AE es Ons
CRL 19424763 | 3884.952687 1145 41600 2700 G300 T300 | =Mull= <Null| 7435911 & | -0.56008% | AE es Ons
CRL 13836417 | 2787 283485 1145 41600 2700 &a00 7300 | <Mull= <Mull 57593 i 1.7558 | AE es On 5
BMT 2142 4535 | 2142 453545 1120 359500 23100 G200 T200 | <Mull= <Mull &.38022 g 238022 | AE No Ons =

wecrs 1 5 > ]

I
Show: IW Selected
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Records (0 out of 1790 Selected)

Options -




Database

Latitude Longitude FE_5YR | FE_10YR | FE_25YR | FE_S0YR | FE_100YR BCR_AIt1 BCR_AIt2 BCR_ARS GISEC-::-m ments
T13279.114257 | 302553.280128 | <Nulk= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
T13272.1368188 | 302693.952136 | <Nulk= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
7136018859758 | 302687617732 | <Nul= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
713098334024 | 302675.334344 | <Nulk= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
T13750.323283 | 302673.014509 | <Nulk= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
7137059844212 302638.3285 | <Nulk= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=

T13571.72918 30:2641.50397 | <Mull= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
713199938578 | 302634782508 | <Nulk= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=

T13150.53833 | 302816.401551 | <Mull= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
T13527.500347 | 302614358852 | <Nulk= <Mull= <MNul= <Mull= <Null= <Mull= <Mull= <Null= <Mull=
713825215047 | 302415741063 | <Nulk= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
T13654.791494 | 302583.722958 | <Nulk= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
T13127.588151 | 302724329353 | <Nul= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
713455135722 | 302547.894852 | <Nulk= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
713819751784 | 302534.591404 | <Nul= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
T13617.550785 302518.069859 | <Mull= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
T13747.165038 | 302510.986885 | <Nulk= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
T13894.0618598 | 302455.879288 | <Nul= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
713383948205 | 302485.191384 | <Nulk= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
T13353.188378 | 302455.473157 | <Nul= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
7138578952592 | 302443808956 | <Nul= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
7136816804315 | 302440577377 | <Nulk= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
TOM25 227737 | 313843.014314 | <Nul= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
7138421661159 | 3025688.363533 | <Nulk= =Mull= <Mull= <Mull= <Null= =Mull= <Mull= <Null= =Mull=
651344 408873 | 385327.275751 | <Nul= =Mull= <MNulk= <MNull= <Null= =Mull= <MNull= <Null= =Mull=
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Kitts Hummock LiDAR Coverage Map
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Kitts Hummock Floodzone
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Pickering Beach Floodzone Map
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Bowers Beach LIDAR Coverage Map
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Bowers Beach Floodzone Map
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South Bowers Beach LIDAR Coverage
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Slaughter Beach LIDAR Coverage
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Prime Hook LIDAR Coverage
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Prime Hook Floodzone Map
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Broadkill Beach LIDAR Coverage
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Broadkill Beach Floodzone Map
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Approach

ECONOMIC ANALYSES - INTEGRATED

= FEMA /USACE BCA/Risk Assessment — traditional flood
damage reductions

N

= Natural Resource Value Capital

T

Community / Benefactor Identification




Approach

Categories of Economic Effects to be Analyzed

Structures/Assets Damages
Tourism Revenues

Recreation

Property values

Local/Statewide business revenues
Population demographics — shifts
Natural Resource Capital Valuation

Wetlands, Wildlife, Fisheries, Etc.

Others




Approach

Review Economists Matrix




Beach Nourishment - Defined
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Initially remove structure
to allow a beach/dune
width equal to the
recommended beach

hourishment templates
for each community.

As additional
erosion/shoreline
migration occurs,
additional structures are
removed to maintain this
beach width




Basic Retreat - Defined

Initially remove
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Where existing
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Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach
fill or beach enhancement will occur, historic shoreline migration will cause increasing
damage to structures. Houses will be destroyed or removed. Flood insurance is
available, and generally covers damage and removal.
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Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach
fill or beach enhancement will occur, historic shoreline migration will cause increasing
damage to structures. Houses will be destroyed or removed. Flood insurance is
available, and generally covers damage and removal.




Approach

Refer to Flow Diagram

NTP — March 1, 2011

Flood Damage Assessment Inventory complete — April 15
Management alternatives/projections selected — May
Phase 1 Data collection complete — May

Initiate FEMA BCA tasks — May 1

Complete FEMA BCA evaluations — August 1 (November 1)
Complete GlS/Database Reports/Images — September 1
Initiate development of economic models — May 1
Complete economic models — November 1 (February)
Vette results with DNREC — November

Present results to Workgroup — December/January, 2012
(February considering holidays) (March, 2012)




Economic Analysis of the Delaware Bay Shoreline
Management Alternatives

NG —
AN

JOHNSON, MIRMIRAN & THOMPSON
Engineering A Brighter Future®

January 13, 2012

Bioengineering
GROUP




Approach

Goals/Context of Economics Study

Refresher on Approach

DNREC Actions Since Last Workgroup Meeting
Next Steps

Discussion




GOALS/CONTEXT

Determine the distribution of
for different management
scenarios.




Approach

Developing Strategy with DNREC — Integrated Partner Throughout

Determine desired range of outcomes and economic assessments

Collect Data in support of selected scenarios and economic
assessments

Complete coastal engineering modeling and alternative protection
concept development and model scenarios

Complete economic models

Develop presentation materials for policy makers, agencies and
public




Approach

Data Collection/Assessment - Strategy Development (PHASE 1)
Economic Analyses following FEMA/USACE standard protocols (PHASE 1)
Flood Damage Assessment
Affected Property Inventories - Surveys (PHASE 1A)
Coastal Hazard Modeling - Flood/Surge Elevations (PHASE 1B)
Shoreline Adaptation Alternatives Development (PHASE 1C)
Storm Damage Reduction
Cost Estimates
FEMA BCA models (PHASE 1D)
Economic Analyses determining regional benefits from proposed actions (PHASE 2)
Tourism/Recreation
Property Valuation
Ecosystem Benefits - Natural Resources Valuation
Public Outreach/Education/Expert Testimony (PHASE 3 - throughout)
General Public
Stakeholder Coordination
Delaware Bay Shore Task Force
Affected Communities
Documentation/Reporting (PHASE 4 - throughout)




Approach/Status

ECONOMIC ANALYSIS OF DELAWARE BAY SHORELINE ADAPTATION ALTERNATIVES PROJECT APPROACH SUMMARY JMT""‘”‘ S
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Beach Nourishment - Defined
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Initially remove structure
to allow a beach/dune
width equal to the
recommended beach

hourishment templates
for each community.

As additional
erosion/shoreline
migration occurs,
additional structures are
removed to maintain this
beach width




Basic Retreat - Defined

Initially remove
structures to allow
a beach/dune
width equal to the
current widths in

each community.

Where existing
structures occupy
the beach, initial
removal occurs .

As additional
erosion/shoreline
migration occurs,
additional
structures removed
to maintain this
beach width.




Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach
fill or beach enhancement will occur, historic shoreline migration will cause increasing
damage to structures. Houses will be destroyed or removed. Flood insurance is
available, and generally covers damage and removal.




Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach
fill or beach enhancement will occur, historic shoreline migration will cause increasing
damage to structures. Houses will be destroyed or removed. Flood insurance is
available, and generally covers damage and removal.
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Database

QBJECTID SHAPE=* | JMTID Parcelll_PIN 5t_Address City County Community
531 | Polygon Z | BK1759 | 235-3.12-26.00 5 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
1840 | Polygon £ | BKATO9E | 235-3.12-103.00 3 MISSISSIPRL AV BROADKILL BEACH Sussex County | Broadkill Beach
592 | Polygon Z | BK1381 | 235-8.00-134.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
591 | Polygon 2 | BK1380 | 235-8.00-139.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
590 | Polygon Z | BK1879 | 235-8.00-138.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
530 | Polygon Z | BK1878 | 235-8.00-135.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
538 | Polygon Z | BK1768 | 235-3.12-10.01 1402 N BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
537 | Polygon Z | BK176T | 235-3.12-67.00 2 TEXAS AV BROADKILL BEACH Sussex County | Broadkill Beach
535 | Polygon Z | BK1765 | 235-3.12-30.00 7T ARFONA AN BROADKILL BEACH Sussex County | Broadkill Beach
504 | Polygon Z | BK1383 | 235-8.00-132.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
533 | Polygon 2 | BK1762 | 235-3.12-11.00 12 ARIZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
1008 | Polygon £ | BK286 | 235-9.00-23.00 TURKLE POND BROADKILL BEACH Sussex County | Broadkill Beach
530 | Polygon Z | BK1758 | 235-3.12-25.01 5 ARFONA ANV BROADKILL BEACH Sussex County | Broadkill Beach
570 | Polygon Z | BKA757 | 235-3.12-25.00 4 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
578 | Polygon Z | BK1756 | 235-3.12-13.00 2 ARFONA ANV BROADKILL BEACH Sussex County | Broadkill Beach
577 | Polygon Z | BK1755 | 235-3.12-24.00 2 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
576 | Polygon Z | BK1754 | 235-3.12-23.00 1 AREFONA ANV BROADKILL BEACH Sussex County | Broadkill Beach
575 | Polygon 2 | BK1751 | 235-3.12-12.00 5 CALIFORNLA AN BROADKILL BEACH Sussex County | Broadkill Beach
574 | Polygon 2 | BK1750 | 235-3.12-22.00 3 AREFONA AV BROADKILL BEACH Sussex County | Broadkill Beach
573 | Polygon Z | BK1749 | 230-24.00-3.00 & CALIFORNLA AN BROADKILL BEACH Sussex County | Broadkill Beach
524 | Polygon Z | BK1763 | 235-3.12-66.00 1 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
1026 | Polygon £ | BK305 | 235-9.00-7.00 BROADKILL RD BROADKILL BEACH Sussex County | Broadkill Beach
1056 | Polygon £ | BK336 | 235-10.00-38.00 2821 5 BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
1055 | Polygon £ | BK335 | 235-10.00-13.00 2806 5 BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
1053 | Polygon £ | BK333 | 235-10.00-37.00 2819 5 BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
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Database

JMT_Classific Re=s_Bldg_Type NRe=_Bld| HNRes_Bldg_Name Constr_Type FoundationType | KentFo| FF_SQFT | Bldg_SQFT | Kent S =
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 1423 8307 | 28476581479 | <Null= |:|
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Slab | =Mulk= 11316068 | Z263.213620 | <Mulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzpace | =MNull= 20656480 | 2065648072 | <MNulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzspace | =Null= 2347 8437 | 2347843771 | <MNulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzspace | =Null= 2816.7206 | 2816.7209650 | <Mulk-
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlzspace | =Null= 036 8643 | 3036.0654387 | <Mulk=
Residential One-Story without Basement | <Null= <Mull= Engineered Pile | <Mulk= 1456 5210 | 1456521015 | <Mulk=
<Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= 1452 88581 | 1452.885106 | <MNull=
Residential One-Story without Basement | <Null= <Mull= Engineered Pile | <Mulk= 1270.3472 1270.34724 | <MNulk=
Residential One-Story without Bazsement | <Null= <Mull= Engineered Crawlzpace | <Nulk= 240513585 |  2405.13584 | <Mull=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 13428284 | 26855585854 | <Null=
Residential Mobile Home | <Null= <Mull= Pre-Engineered Crawlzpace | <Nulk= 12332701 | 1233270104 | =Null=
Residential One-Story without Bazsement | <Null= <Mull= Engineered Pile | =Mull= 1654 0855 | 16854.085552 | <MNull=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 1150.1438 23802878 | <Mulk=
Residential One-Story without Bazsement | <Null= <Mull= Engineered Pile | =Mull= 1751.8625 | 17591.862604 | <Null=
<Mull= <Mull= =Mull= <Mull= <Mull= =Mull= <Mull= 1353.5004 | 1353.500451 | <Mull=
<Mull= <Mull= =Mull= <Mull= <Mull= =Mull= <Mull= 1773371 | 177337153 | =Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 1520.7658 | 3041.531833 | <Null=
Residential One-Story without Bazement | <Null= <Mull= Engineered Pile | =Mull= 14254747 | 1425474745 | <Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 155516559 | 3118.331533 | <Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mull= 11701088 | 2340217855 | <MNull=
Residential One-Story without Basement | <Null= <Mull= Engineered Crawlspace | =Null= 10386557 | 1038.855732 | <Nulk>
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 4426.88859 | 8353.777951 | <Nulk=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 2711.4743 | S422.948714 | =Null=
Residential Two or More Stories without Basement | <Null= <Mull= Engineered Pile | =Mulk= 1752.0482 | 3504.096548 | <Null> =
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Database

Attributes of DE_Bay_Bld

Kent Fo| FF_SQFT | Bldg_SQFT | Kent SqF| Tax_Value | Building| Land T [ Misc Tax § LS_Valu | BRV FFE GFE | delta_elev| FEMA_Fldzn | Sewer
none 2754 5252 | 2754.525224 0 25200 0 7200 22000 | <Hull= <Null | =Hulk= & | <Null= AE Mo
none 22885055 | 22889.05578 0 25200 0 7200 22000 | <Hull= <Null | =Hulk= & | <Null= AE Mo
none 85854762 | B5B8.547523 0 25200 0 7200 22000 | <Hull= <Null | =Hulk= & | <Null= AE Mo
none 22819923 | 2281992354 0 25200 0 7200 22000 | <Hull= <Null | =Hulk= & | <Null= AE Mo
none 32540458 | 6589.85972 0 1359700 | 109900 6700 23100 | =Hullk= =Null| 8830113 6| 2.830113 | AE Yes
none 2110.6853 | 4221.378792 950 87300 41800 | 23300 20400 | =Hulk= =Null | 10.749525 10| 0.745926 | AE Yes
none 3165.9425 | 3165.942586 950 87300 41800 | 23300 20400 | =Hulk= =Null | 10.670082 & | 2570082 | AE Yes
none 3710.3564 | 3710.356455 950 87300 41800 | 23300 20400 | =Hulk= =Null | =Null= & | =Null= AE Yes
none 1181.9932 | 1181.993226 950 87300 41800 | 23300 20400 | =Hulk= =Null| 11.63957 6| 3.539569 | AE Yes
none 938.30406 938.30406 950 87300 41800 | 23300 20400 | =Hulk= =Null| 12.415742 8| 4419742 | AE Yes
none 673.23167 | 873.231673 950 87300 41800 | 23300 20400 | =Hulk= =Null| 12.14583 ] 414583 | AE Yes
none 1883.2370 | 1883.237084 950 87300 41800 | 23300 20400 | =Hulk= =Null| 11.9159713 8| 3919713 | AE Yes
none 3899.8461 | 3899.846113 950 87300 41800 | 23300 20400 | =Hulk= =Null | =Null= & | =Null= AE Yes
CRL 1183.6661 | 1185.666161 1864 81100 35500 8400 15800 | <Mull= =Null 9.25 6 3.26 | VE Mo
CRL 78528937 | 765239375 1864 g1100 35500 2400 15800 | <Null= <Null | <=Mulk= & | <Null= WE No
CRL 2712.4935 | 2712.4535852 1864 g1100 35500 2400 15800 | <Null= =Null| 11.219523 10| 1.2198923 | VE No
CRL 3098.5760 | 6157.152182 3740 89300 35700 | 20500 13100 | =Null= =Null| 14.210285 14 | 0.210285 | AE No
CRL 2751.9106 | 5503.821282 3061 73500 33000 G200 11300 | <Null= =Null| 12.920012 10| 2.520012 | VE No
CRL 1052.8709 | 2105.741824 3061 73500 33000 G200 11300 | <Null= <Null | <=Mulk= & | <Null= WE No
CRL 21599.8710 | 43599.742095 3061 73500 33000 G200 11300 | <Null= <Null | <=Mulk= & | <Null= WE No
none 11458745 | 1149.874557 Sa0 30300 12200 | 10000 8100 | <Null= =Null| 7.830012 4| 35300M2 | AE W es
none 1044 5578 | 20859.135875 Sa0 30300 12200 | 10000 8100 | <Null= <Null | <=Mulk= & | <Null= AE W es
CRL 1942 4783 | 3884.952857 1145 41800 27800 8500 7300 | <Null= =Null| 7.4359%11 & | -0.580089 | AE W es
CRL 1393.6417 | 2Z787.283485 1145 41800 27800 8500 7300 | <Null= <Null 9.7598 ] 1.75588 | AE es
BMT 21424535 | 2142453545 1120 35500 23100 G200 7200 | <Null= <Null 8.38022 6 238022 | AE No
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Database
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Attributes of DE_Bay_Bldgs E=RrER X

Latitude Longitude FE_5YR | FE_10YR | FE_25YR | FE_S50YR | FE_100YR BCR_AIt1 BCR_AIt2 BCR_AIt3 Gl5_Comments
T13279.114257 | 302553250128 | <Nulk= <Mull= <Mull= <Mull= <Mull= <Mulk= <Mull= <Mull= <Mull= N
T132721358188 | 302853.952138 | <Null= <Mull= <Mull= <Mull= <Mull= <Mulk= <Mull= <Mull= <MNull=
T13501.805756 | 302687617732 | =Null=> =Mull= =Mull= =Mull= =Mull= =Null= =Nulk= =Null= =Null=
T13098.334024 | 302575.334344 | =Null= =Mull= =Mull= =Mull= =Mull= =Mull= <MNull= <Null= <MNull=
T13750.323283 | 302573.014508 | <Nulk= <Mull= <Mull= <Mull= <Mull= =Mull= <Mull= <MNull= <MNull=
T137059 644212 3026363285 | =Nulk= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <MNull= <MNull=
T13571.72916 302641 50357 | <Mulk= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Null=
T13199.938578 | 302634732508 | <Null= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Null=
T13150.53833 | 3026816.4015591 | =Nulk= =Mull= =Mull= =Mull= =Mull= =Mull= <Mull= <Mull= <Null=
713527500347 | 302514 359652 | <Null= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <MNull=
T13826.219047 | 302415741063 | <Null= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <MNull=
713654751454 | 302583722858 | <Null= <Mull= <Mull= <Mull= <Mull= <Mulk= <Mull= <Mull= <Mull=
TA3M27588151 | 302724325353 | <Null= <Mull= <Mull= <Mull= <Mull= <Mulk= <Mull= <Mull= <MNull=
T13455.135722 | 302547854852 | =Null= =Mull= =Mull= =Mull= =Mull= =Null= =Nulk= =Null= =Null=
T13419.751784 | 302534.591404 | =Null= =Mull= =Mull= =Mull= =Mull= =Mull= <MNull= <Null= <MNull=
T13617.550785 302518.08585 | =Mull= <Mull= <Mull= <Mull= <Mull= =Mull= <Mull= <MNull= <MNull=
T13747.165036 | 302510.985885 | <Null= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <MNull= <MNull=
T13894.0618598 | 302455879288 | <Null= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <MNull= <MNull=
T13383.948205 | 302485191884 | <Null= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Null=
713353198376 | 302458 473157 | <Null= =Mull= =Mull= =Mull= =Mull= =Mull= <Mull= <Mull= <Null=
7138878852592 | 302443 8085988 | <Null= =Mull= =Mull= =Mull= =Mull= =Mull= <Mull= <Mull= <Null=
713681604315 | 302440577377 | <Null= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <Mull= <MNull=
TO426. 227737 | 313843.014314 | <Null= <Mull= <Mull= <Mull= <Mull= <Mulk= <Mull= <Mull= <Mull=
7138421668115 | 302588.353533 | <Null= <Mull= <Mull= <Mull= <Mull= <Mulk= <Mull= <Mull= <MNull=
851344408873 | 385327275781 | =Null= =Mull= =Mull= =Mull= =Mull= =Null= =Nulk= =Null= =Null=
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Baker Mobile LIDAR Truck




IDAR Point Clouds
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Kitts Hummock LiDAR Coverage Map
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Kitts Hummock Floodzone Map
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Pickering Beach LIDAR Coverage
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Pickering Beach Floodzone Map
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Bowers Beach Floodzone Map
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South Bowers Beach LIDAR Coverage




South Bowers Beach Floodzone Map

South Bowers
Legend

[ TR
- Aoec
Frectre
Floodzone
20 Yy
120 Yo Floomone
Horw
FEMA Flood Zone
Floodzone

At . Note: Structures shown
-._3 XX SRR highligted in red have

. : R finished floor elevations
within the base flood elevation
for a100-year storm event




Slaughter Beach LIDAR Coverage
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Prime Hook LIDAR Coverage







Prime Hook Floodzone Map
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Broadkill Beach LIDAR Coverage
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Approach

ECONOMIC ANALYSES - INTEGRATED

= FEMA /USACE BCA/Risk Assessment — traditional flood
damage reductions

= ~__|
: wAINY
= 4/ .
JOHNSON, MIRMI &THOMPSON
Lingineering A B o Future®

nginee

=

= Natural Resource Value Capital

AHM

Community / Benefactor Identification




Approach

Categories of Economic Effects Projected to be
Analyzed

Structures/Assets Damages
Tourism Revenues

Recreation

Property values

Local/Statewide business revenues
Population demographics — shifts
Natural Resource Capital Valuation

Wetlands, Wildlife, Fisheries, Etc.

Others




Approach

Flood Damage Assessments -

Scenario 1
Step 3: Apply Step 4: Calculate Range
Step 2: Compile i of Damages
Step 1: Create dpl Ii't Flood Elevations Scenario 2
Property/Structure ane incorporate | oI and Erosion «Number tv q
Database Structure Hazard Areas to umber, type an
Elevation Data Structures under ‘ replacementvalue of
Various Event scenario3 structures damaged
A Scenarios * Functional loss
S scenarioa > *Population displaced

I |

Alternative 1

Alternative 2 Alternative 3
Moderately Highly
Detailad Detailad

Approximate

Sea Level Rise - Added task to consider a scenario that addresses an acceleration of
sea level rise to determine potential impacts




Approach

Review Economists Matrix







Approach

Refer to Flow Diagram

NTP — March 1, 2011

Flood Damage Assessment Inventory complete — April 15
Management alternatives/projections selected — May
Phase 1 Data collection complete — May

Initiate FEMA BCA tasks — May 1

Complete FEMA BCA evaluations — August 1 (March)
Complete GlS/Database Reports/Images — September 1
Initiate development of economic models — May 1
Complete economic models — November 1 (February)
Vette results with DNREC — November (March)

Present results to Workgroup — December/January, 2012
(February considering holidays) (April, 2012)
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DELAWARE BAY BEACH WORK GROUP
January 13, 2012
SENATE HEARING ROOM, DOVER
10:00 — 1:00 PM
AGENDA
Delaware Bay Beach Work Group Meeting
Senate Hearing Room, Legislative Hall, Dover

10:00 — 12:00 Noon
January 13, 2012
10:00 — 10:15
Opening Remarks - Co-chairs (Senator Brian Bushweller & Senator Gary Simpson)

10:15-10:30
Status report on Flood Group and Beach Group - Activities since the last meeting (Frank Piorko,
Tony Pratt)

10:30-11:15
Status report on beach economic study (Jim Eisenhardt)

11:15-11:45
Work Group discussion on presentations and future actions/expectations of the Work Group

11:45-12:00
Public comment

Introductions — Committee Members
No opening remarks.

Status Report on activities on the Drainage and Beach sub-committees to date from Frank
Piorko and Tony Pratt:

Frank Piorko - At this point with the drainage and minor flooding portion of the work group we
have developed an assessment tool that will provide a very broad brush approach of looking at
each of the bay beach communities. Realizing they are all different and have their own sets of
unique problems but we tried to found some common ground for assessment. Many of you were
at the last general meeting and/or the sub-work group meetings where we worked on the
drainage assessment conditions and we now want to apply them throughout each of the bay
beach communities. To further refine our look with the help of Andrea Kreiner some of you
were involve in the process were we looked at a decision tree matrix were we put weighting
factors to each of these things such as public safety impacts, economic impacts, agricultural



impacts, public health, societal and miscellaneous impacts of our efforts to improve minor
flooding and drainage conditions. (Finalized Document of Work Group Handout “Division of
Watershed Assessment Drainage Project Prioritization Ranking Sheet and Bay Beach
Communities Drainage Assessment Scope of Services). The goal is to bring someone on in a
professional capacity to use these tools to assess each of the bay beach communities. We have
estimated a cost of $185,000-200,000. In an effort to move forward we are going to look at the
Scope of Services and put together a letter of interest that will go out for a qualified consultant to
submit their interest in doing this project and their qualifications. That gives us the ability to
select a consultant, individual or team to work on this project further refine our scope of services
and work on a budget. We can do all these things without actually committing to a contract and
even when we commit on a contract it is depending on funding. While we continue to look for
funding we are not going to sit still on this effort. We are going to move the effort forward to try
and find the right people to help us and in the meantime we will be looking for funding.

We are not doing an engineering study we are doing an assessment of community problems and
an identification of what problems rise to a level of urgency over others. Not to pick one
community over another but that is part of the idea of doing an assessment and matrix for
prioritization. To see what problems there are in each community and how readily available
solutions are.

There are some individual projects that are happening. We have a tax ditch petition in the Kitts
Hummock community and we have work that we are doing in the Bowers community.

Representative Peterman - South Bowers — When it rains it can take up to 6-8 hours before it
goes down before the people are able to either get out or get back into their homes. Where does
this issue come in to the prioritization?

Frank Piorko — We have looked at that issue and it plays to the public safety issue on the
ranking sheets.

Representative Peterman — What can we do to help you gather some of the information?

Frank Piorko - As we move along with the process we will sit down and decide what
information we will need from the community.

Tony Pratt - Most work will be shown on the presentation that Jim Eisenhardt will present.

We are doing work at critically eroded areas right now. We are doing truck haul projects at
Bower, South Bowers and Kitts Hummock in the next several weeks. We are working on survey
work for Broadkill Beach anticipated work to be done later this winter. Because of Irene
damages and sand losses we were able to get FEMA dollars. The dollar amount we will recover
from FEMA will be approximately $500,000. No specific dredging dates for the Prime Hook,
Broadkill and Slaughter areas yet. Don’t know when we will be at Kitts Hummock but would
guess within the month. We are doing beaches where we have had easements for the past 30
years.



Jim Eisenhardt - Economic Study Status Report: - Presentation on website — Task Force
Presentation January 13, 2012

The goal of the economic study is to determine the distribution of benefits for different
management scenarios. It is not necessarily a dollars assessment. Distribution in a sense means
for those parties involved who benefits, the local communities, the counties, the State, taxpayers
and federal government in general and local business. Benefits can be described in dollars it can
also be described in astatic value; natural resource value those can also be converted into dollars;
also through economic models. But benefits are a very broad discussion. Management scenarios
there are so many ways to look at options out here and we will discuss ways we are looking at
certain scenarios. This will be an effort with the consulting team, technical people, DNREC and
this work group to try and figure out where this is all going to end up.

ECONOMIC ANALYSES -

[JCategories of Economic Effects Projected to be Analyzed
[JStructures/Assets Damages

[Tourism Revenues

[JRecreation

[JProperty values

[1Local/Statewide business revenues

[JPopulation demographics — shifts

[Natural Resource Capital Valuation Wetlands, Wildlife, Fisheries, Etc.
OOthers

Discussion regarding the Natural Resources Capital Valuation Wetlands, Wildlife, Fisheries, Etc.
being taking out of the analyses.

Jim Eisenhardt - After many meetings the one in red will not be followed through for an
analysis. We will not spend money to do a quantitative assessment. There will not be an
appreciable change in the effort on wetlands, horseshoe habitat, or others to be a measure for
these analyses.

Senator Simpson stated that he is just not sure if we are getting an accurate picture of the
economic value of the Delaware coastline without looking at wetlands which is probably the
most valuable resource that Delaware has.

Senator Simpson stated that he did not know that we were only studying beach replenishment
for this Work Group. We talked about wetland evaluation and agricultural evaluation early on.



Why are we spending money to evaluate drainage if we are not going to assign an economic
value to those drainage projects? How do you take that portion out of the study? We have not
broadened our scope enough to look at the entire system when we just look at beach
replenishment.

We have to keep in our mind that we have to come up with a long term financing plan to
continue those beach replenishment for the next 25+ years. We all would like nothing better
than to have a short term fix but we have been charged with coming up not only with short term
but also we have to come up with long term plans.

Tony Pratt — The initial implementation of this work group was a follow up of the PBS&J
study.

Jim Eisenhardt - We all agree that the resource is valuable. This study was focused on the
benefits to be distributed of doing beach nourishment to protect 7 communities. It was not an
analysis to project what the benefits would be to protect the whole coastline from flooding in a
major drainage project. The study with the dollars and the intent could only focus right now on
the 7 communities.

There are no direct impacts to the wetlands by the scenarios we pose. Everybody agreed that the
wetlands, horseshoe crabs and the other 30-40 keynote species that are extremely important to
the State for a variety of reasons including our economy but in the scope they have been looked
at differently.

Frank Piorko — Jim was brought in to assist the Department to provide data to us from which
decisions will be made as to how to continue to maintain the bay beach shorelines with what we
know. What we know according to a plan is how much it is going to cost to maintain 12.1 miles
out of the 30.2 miles of the continuous shoreline, that is the representation of the populated
communities that the PBS&J defined and the cost to do that over 10 years. Our original charge
was to look at those costs and to figure out how to make them sustainable and to offer what
percentage of cost share might be looked at and the way we are going about it with our
consultant is to look at all the benefits. Not just the benefits of those that own homes along the
shoreline, but the benefits of agriculture and the environment and our natural resources. All
those factors are absolutely being considered in the context of the 12.1 miles of shoreline
protection that PBS&J calls for. Now in the context of adding the drainage dimension to this
study which was a very good piece of this. We decide to look at these communities also from
the standpoint of drainage and minor flooding. We know that all these communities are
experiencing some element of drainage problems and minor flooding. What can we do to
facilitate improvement in those communities? What is missing is the piece that we are hearing
from people that are getting flooded in many of these communities and that flooding may or may
not have anything to do with how much bay shoreline we protect. In some communities that is
going to have a sufficient impact on how those communities drain. In other communities we
could protect the bay shoreline for that entire 30 miles and those communities will still flood.

So, in order for us to add value with this study with defining bay coastline which may have to be
increased in the evaluation of this study. If we are going into each of these communities and talk
with the people, we will find out which communities are going to tell us don’t put your money or



your efforts in the dune protection or the shoreline protection outside of the populated
community. That is not where our problems come from our problems come from the back side
from flooded wetlands. So when we find out more about where the problems are coming from in
these communities in terms of their flooding and drainage concerns. We will know more where
the value added needs to be in this particular effort along the coast. In certain communities we’ll
determine that there is value added along the shoreline and some communities probably not so
much.

Representation Kenton — I don’t think it takes a rock scientist to figure out where the problems
are right now. Pretty easy if you get in your car and see the flooding, I don’t think we need a 2
year study.

Jim Eisenhardt will have a Summary of Work at the April 27, 2012 meeting.

Andrea Kreiner — Is there something that the Work Group should be looking at while we wait
for the cost share numbers?

Senator Simpson — Develop a sub-work group in regards to funding to convene before
the cost share numbers.

Andrea Kreiner and Senator Ennis stated that it would be more beneficial to wait for
the cost share numbers.

Frank Piorko will be working on funding avenues to present at the next meeting.

Representative Peterman suggested a cut-off date of the studies so that we can move on. He
does not us sitting around the table a year or year and a half from now.

Senator Bushweller in response to Representative Peterman — Looking at real solutions to these
problems that we have and to make sure that we can honestly say to the tax payers that the
proposals that we are making to address these problems are good proposal based on good data,
and good investigation. And that we can be reasonably sure that we will get the results we want.
The only way to do that is to make sure we have the solid understanding of all the facts. Putting
an artificial time line on the development of the data does not serve our purposes that well. One
of the things that this group should be doing is putting the pressure to keep things moving so that
it does not become like some of the other projects with more studies.

Public comments

1. Displeased with the study. The studies do not get anywhere. Applause from the public
participates.

Senator Simpson response — The legislators sitting around the table are only about 15%
of the legislation and we have to convince the others to come up with the money. That is



why we have to do the economic study. It takes time to come up with the rational to
spend the public dollars.

2. Concern regarding the definition of the “do nothing ”: Do Nothing - Defined
This alternative involves no action on the part of state shoreline managers. No beach fill
or beach enhancement will occur, historic shoreline migration will cause increasing
damage to structures. Houses will be destroyed or removed. Flood insurance is
available, and generally covers damage and removal.

Senator Bushweller will be stepping down as one of the co-chairs due to the fact that he will not
have any bay beaches in his districts. He has been convinces by this process that these problems
that we have been talking about are serious problems that require serious attention. Therefore,
even though he will be stepping down as a co-chair you will have an advocate for this process for
the result of this process for the things that the State really should do which will be more fully
flushed out and determined as the process goes forward.

Next meeting — April 27, 2012, Senate Hearing Room, Legislative Hall, Dover.
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Communications
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Approach

Developing Strategy with DNREC — Integrated Partner Throughout

Determine desired range of outcomes and economic assessments

Collect Data in support of selected scenarios and economic
assessments

Complete coastal engineering modeling and alternative protection
concept development and model scenarios

Complete economic models

Develop presentation materials for policy makers, agencies and
public




Approach

Data Collection/Assessment - Strategy Development (PHASE 1)
Economic Analyses following FEMA/USACE standard protocols (PHASE 1)
Flood Damage Assessment
Affected Property Inventories - Surveys (PHASE 1A)
Coastal Hazard Modeling - Flood/Surge Elevations (PHASE 1B)
Shoreline Adaptation Alternatives Development (PHASE 1C)
Storm Damage Reduction
Cost Estimates
FEMA BCA models (PHASE 1D)
Economic Analyses determining regional benefits from proposed actions (PHASE 2)
Tourism/Recreation
Property Valuation
Ecosystem Benefits - Natural Resources Valuation
Public Outreach/Education/Expert Testimony (PHASE 3 - throughout)
General Public
Stakeholder Coordination
Delaware Bay Shore Task Force
Affected Communities
Documentation/Reporting (PHASE 4 - throughout)




Approach

Planning Process

Advisory
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Delaware Bay Beaches Working Group...




Approach

Sea Level Rise/Inundation Mapping/Projections
Living Shorelines
Regional Sediment Management

TNC/NFWF Priority Restorations Shoreline

State/Federal Lands Management

Others




Approach

Categories of Economic Effects to be Analyzed

Structures/Assets Damages
Tourism Revenues

Recreation

Property values

Local/Statewide business revenues
Population demographics — shifts
Natural Resource Capital Valuation

Wetlands, Wildlife, Fisheries, Etc.

Others
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- FEMA BCA, Data Support
- FEMA/USACE BCA, Tax/Real Property, Data
Support

- Environmental, Natural Resources, Tourism,
Recreation, Property - Economic Development

- Environmental, Water Resources/Water, Coastal
Management

- Environmental, Natural Resources, Tourism,
Recreation, Coastal Management




Approach

ECONOMIC ANALYSES - INTEGRATED

= FEMA /USACE BCA/Risk Assessment — traditional flood
damage reductions

N

= Natural Resource Value Capital

AHM

Community / Benefactor Identification




Approach/Status

ECONOMIC ANALYSIS OF DELAWARE BAY SHORELINE ADAPTATION ALTERNATIVES PROJECT APPROACH SUMMARY
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Approach

Refer to Flow Diagram

NTP — March 1, 2011

Flood Damage Assessment Inventory complete — April 15
Management alternatives/projections selected — May
Phase 1 Data collection complete — May

Initiate FEMA BCA tasks — May 1

Complete FEMA BCA evaluations — August 1

Complete GIS/Database Reports/Images — September 1
Initiate development of economic models — May 1
Complete economic models — November 1

Vette results with DNREC — November

Present results to Workgroup — December/January, 2012
(February considering holidays)
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What do we do with these beaches?

*Future larger question
* How does this affect our “communities”?

*Will actions/recommendations be sustainable

‘What information is needed to make decisions?




DNREC CHARGE

Determine the:
*Distribution and
*Benefits of different management

Scenarios.

How: Conduct Multi-Value
Economic Analysis




*Key Elements/Components of Study
*Study Areas - 7 Communities
*Additional Question - Reaches in between
*Data Collection/Processing
*Resources/Values to Evaluate
Beach Management Scenarios
*Cost Estimation
*Benefits Estimation

Many Assumptions Necessary for analysis




Approach/Status
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Pickering Beach LIDAR Coverage




Kitts Hummock LiDAR Coverage Map
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ROAD PROFILES UNDER VARIOUS FLOODING CONDITIONS

BOWERS BEACH

1517

10_Olear Flood Elevation (10.0%)
1962 Storm Elevation (8.0)

100 YR N S LS - : B 0.4 Miles -
Floodplain 1 : : : : : Beach
Limit : : : : : :

e L —— e

Road Elevation (varies)

10

1.0 mile -

3054+00 3055+00 3056+00 3057+00 3058+00 3059+00

MAIN STREET PROFILE (Portion)




Database

QBJECTID SHAPE=* | JMTID Parcelll_PIN 5t_Address City County Community
531 | Polygon Z | BK1759 | 235-3.12-26.00 5 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
1840 | Polygon £ | BKATO9E | 235-3.12-103.00 3 MISSISSIPRL AV BROADKILL BEACH Sussex County | Broadkill Beach
592 | Polygon Z | BK1381 | 235-8.00-134.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
591 | Polygon 2 | BK1380 | 235-8.00-139.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
590 | Polygon Z | BK1879 | 235-8.00-138.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
530 | Polygon Z | BK1878 | 235-8.00-135.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
538 | Polygon Z | BK1768 | 235-3.12-10.01 1402 N BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
537 | Polygon Z | BK176T | 235-3.12-67.00 2 TEXAS AV BROADKILL BEACH Sussex County | Broadkill Beach
535 | Polygon Z | BK1765 | 235-3.12-30.00 7T ARFONA AN BROADKILL BEACH Sussex County | Broadkill Beach
504 | Polygon Z | BK1383 | 235-8.00-132.00 WY CT BROADKILL BEACH Sussex County | Broadkill Beach
533 | Polygon 2 | BK1762 | 235-3.12-11.00 12 ARIZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
1008 | Polygon £ | BK286 | 235-9.00-23.00 TURKLE POND BROADKILL BEACH Sussex County | Broadkill Beach
530 | Polygon Z | BK1758 | 235-3.12-25.01 5 ARIZONA AV BROADKILL BEACH Sussex County | Broadkill Beach
570 | Polygon Z | BKA757 | 235-3.12-25.00 4 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
578 | Polygon Z | BK1756 | 235-3.12-13.00 3 ARFONA AV BROADKILL BEACH Sussex County | Broadkill Beach
577 | Polygon Z | BK1755 | 235-3.12-24.00 2 NEW MEXICO AW BROADKILL BEACH Suszex County | Broadkil Beach
576 | Polygon Z | BK1754 | 235-3.12-23.00 1 AREONA AV BROADKILL BEACH Sussex County | Broadkill Beach
575 | Polygon 2 | BK1751 | 235-3.12-12.00 O CALIFORNLA AN BROADKILL BEACH Sussex County | Broadkill Beach
574 | Polygon 2 | BK1750 | 235-3.12-22.00 3 ARFONA AV BROADKILL BEACH Sussex County | Broadkill Beach
573 | Polygon Z | BK1749 | 230-24.00-3.00 2 CALIFORNLA AN BROADKILL BEACH Sussex County | Broadkill Beach
524 | Polygon Z | BK1763 | 235-3.12-66.00 1 NEW MEXICO AW BROADKILL BEACH Sussex County | Broadkill Beach
1026 | Polygon £ | BK305 | 235-9.00-7.00 BROADKILL RD BROADKILL BEACH Sussex County | Broadkill Beach
1056 | Polygon £ | BK336 | 235-10.00-38.00 2821 5 BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
1055 | Polygon £ | BK335 | 235-10.00-13.00 2806 5 BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach
1053 | Polygon £ | BK333 | 235-10.00-37.00 2819 5 BAY SHORE DR BROADKILL BEACH Sussex County | Broadkill Beach

4|

1] |
Record: ﬂj i] jﬂ Show: IT Selected Records (0 out of 1790 Selected) Options -

Attributes of DE_Bay Bld E=NEENT




Database

Attributes of DE_Bay_Bld

Kent Fo| FF_SQFT | Bldg_SQFT | Kent SqF| Tax_Value | Building| Land T [ Misc Tax § LS_Valu | BRV FFE GFE | delta_elev| FEMA_Fldzn | Sewer
none 2754 5252 | 2754.525224 0 25200 0 7200 22000 | <Hull= <Null | =Hulk= & | <Null= AE Mo
none 22885055 | 22889.05578 0 25200 0 7200 22000 | <Hull= <Null | =Hulk= & | <Null= AE Mo
none 85854762 | B5B8.547523 0 25200 0 7200 22000 | <Hull= <Null | =Hulk= & | <Null= AE Mo
none 22819923 | 2281992354 0 25200 0 7200 22000 | <Hull= <Null | =Mulk= & | <Null= AE Mo
none 32540458 | 6589.85972 0 1359700 | 109900 6700 23100 | =Hullk= =Mull| 8830113 6| 2.830113 | AE Yes
none 2110.6853 | 4221.378792 950 87300 41800 | 23300 20400 | =Hulk= =Null | 10.749926 10| 0.745926 | AE Yes
none 3165.9425 | 3165.942586 950 87300 41800 | 23300 20400 | =Hull= =Null | 10.670082 & | 2570082 | AE Yes
none 3710.3564 | 3710.356455 950 87300 41800 | 23300 20400 | =Hul= =Null | =Hulk= & | =Null= AE Yes
none 1181.9932 | 1181.993226 950 87300 41800 | 23300 20400 | =Null= <Null| 11.83967 6| 3.539569 | AE Yes
none 938.30406 938.30406 950 87300 41800 | 23300 20400 | =Hull= =Null| 12.415742 8| 4419742 | AE Yes
none 673.23167 | 873.231673 950 87300 41800 | 23300 20400 | <Hull= =Null| 12.14583 ] 414883 | AE es
none 1883.2370 | 1883.237084 950 87300 41800 | 23300 20400 | =Hull= =Null| 11.9159713 8| 3919713 | AE Yes
none 3899.8461 | 3899.846113 950 87300 41600 | 25300 20400 | =Hulk= =Null | =Null= & | =Null= AE Yes
CRL 1183.6661 | 1185.666161 1864 81100 35500 &400 15800 | =Null= =Null 9.25 6 3.26 | VE Mo
CRL 78528937 | 765239375 1864 g1100 35900 400 15800 | <Mull= <Null | <=Mulk= & | <Null= WE No
CRL 2712.4935 | 2712.4535852 1864 61100 35500 &400 15800 | <Null= =Null| 11.219523 10| 1.2198923 | VE No
CRL 3098.5760 | 6157.152182 3740 89300 35700 | 20500 13100 | =Null= =Null| 14.210285 14 | 0.210285 | AE No
CRL 2751.9106 | 5503.821282 3061 73500 3000 G200 11300 | <Null= =Null| 12.920012 10| 2.520012 | VE No
CRL 1052.8709 | 2105.741824 3061 73500 33000 G200 11300 | <Null= <Null | <=Mulk= & | <Null= WE No
CRL 21599.8710 | 43599.742095 3061 73500 33000 G200 11300 | <Null= <Null | <=Mulk= & | <Null= WE No
none 11458745 | 1149.874557 Sa0 30300 12200 | 10000 8100 | <Null= =Null| 7.830012 4| 35300M2 | AE W es
none 1044 5578 | 20859.135875 Sa0 30300 12200 | 10000 8100 | <Null= <Null | <=Mulk= & | <Null= AE W es
CRL 1942 4783 | 3884.952857 1145 41800 27800 8500 7300 | <Null= =Null| 7.4359%11 & | -0.580089 | AE W es
CRL 1393.6417 | 2Z787.283485 1145 41800 27800 8500 7300 | <Null= <Null 9.7598 ] 1.75588 | AE es
BMT 21424535 | 2142453545 1120 35500 23100 G200 7200 | <Null= <Null 8.38022 6 238022 | AE No
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Pickering Beach Floodzone Map
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Bowers Beach Floodzone Map
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Database/GIS Product - Current
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Management Scenarios

Vetted/Agreed to by Team
Scenario 1: Beach Nourishment
Scenario 2: Enhanced Retreat
Scenario 3: Basic Retreat
Scenario 4: Do Nothing

Clarifications on Assumptions for Evaluation




Beach Nourishment - Defined
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Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach
fill or beach enhancement will occur, historic shoreline migration will cause increasing
damage to structures. Houses will be destroyed or removed.
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Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach
fill or beach enhancement will occur, historic shoreline migration will cause increasing
damage to structures. Houses will be destroyed or removed.
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ek

Initially remove structure
to allow a beach/dune
width equal to the
recommended beach

hourishment templates
for each community.

As additional
erosion/shoreline
migration occurs,
additional structures are
removed to maintain this
beach width




Basic Retreat - Defined

Initially remove
structures to allow
a beach/dune
width equal to the
current widths in

each community.

Where existing
structures occupy
the beach, initial
removal occurs .

As additional
erosion/shoreline
migration occurs,
additional
structures removed
to maintain this
beach width.




Resources Evaluation

Matrix of Resource Identification/Evaluation
*Vetted in Workshops
Comprehensive Inventory of Potential Values/Benefi
*Evaluated against management scenarios
*|dentified those values/benefits that could be
quantified and change due to management
=sRecreational Uses
sHazard Damage Reduction
="Erosion
=Flood - Wave, Stillwater
"Revenue Benefits - Taxes




Projected Shorelines/Beach Widths

Beach Widths

Beach A:

2011 Existing: 60.30 Feet
2021 Scenarnio: 40.15 Feet
2031 Scenario: 18,90 Feet
2041 Scenario: 4.99 Feet

Beach B:

2011 Existing: 40.55 Feet
2021 Scenario: 20.52 Feet
2031 Scenario: 2.21 Feet
2041 Scenario: 0.28 Feet




Recreational Use Beach Width

SCENARIO 1 Beach Nourishment

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing | 2011 Existing 2011 Beach 2021 Beach 2031 Beach 2041 Beach
Number of Conditions Conditions | 2011 Beach Wdith 2011 No. of | 2021 Beach wdith 2021 No. of| 2031 Beach Wdith 2031 No. of| 2041 Beach Wdith 2041 No. of
Community Width (Dry) - | Width (Wet) - | Width (Dry) - | (include Wet){ Structures | Width (Dry)- |(include Wet) { Structures | Width (Dry) - | (include Wet) { Structures | Width (Dry) - | (include Wet) | Structures
Beach Community Structures Feet Feet Feet Feet Lost Feet Feet Lost Feet Feet Lost Feet Feet Lost

Pickering Beach 44 38 73 174 209 0 174 209 0 174 209 0 174 209 0

Kitts Hummock 122 29 49 163.5 183.5 0 163.5 183.5 0 163.5 183.5 0 163.5 183.5 0
Bowers Beach 'A' 60 88

----------------------------------- 354 150 178 0 150 178 0 150 178 0 150 178 0
Bowers Beach 'B' 41 69
South Bowers A" 31 78

84 125 172 0 125 172 0 125 172 ] 125 172 0
South Bowers 'B’ 37 84
Slaughter Beach 'A' 13 47
Slaughter Beach 'B' 40 74

----------------------------------- 32 109 142 0 109 143 0 109 143 0 109 143 0
Slaughter Beach 'C’' 53 87
Slaughter Beach 'D' 40 74
Primehook Beach 'A’ 21 69

Primehook Beach 'B' 195 41 89 108 156 ] 108 156 0 108 156 ] 108 156 0
Primehook Beach 'C’ 20 68
Broadkill Beach 'A’ 82 135
Broadkill Beach 'B' 62 115

Broadkill Beach 'C' 592 27 80 123 176 ] 123 176 o 123 176 ] 123 176 0
53 112
Broadkill Beach 'E' 76 129




Recreational Use Beach Width

SCENARIO 2 Enhanced Retreat

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing | 2011 Existing 2011 Beach 2021 Beach 2031 Beach 2041 Beach
Number of Conditions Conditions | 2011 Beach Wdith 2011 No.of | 2021 Beach Wdith 2021 No. of| 2031 Beach Wdith 2031 No. of| 2041 Beach Wdith 2041 No. of
Community Width (Dry) - | Width (Wet) - [Width (Dry) -| (include Wet) | Structures | Width (Dry) - | (include Wet) { Structures | Width (Dry) - | (include Wet) { Structures | Width (Dry) - | (include Wet}{ Structures
Beach Community Structures Feet Feet Feet Feet Lost Feet Feet Lost Feet Feet Lost Feet Feet Lost

Pickering Beach 44 38 73 174 209 38 174 209 1 174 209 0 174 209 o
Kitts Hummock 122 29 49 163.5 183.5 52 163.5 183.5 10 163.5 183.5 9 163.5 183.5 1
Bowers Beach "A’ 60 88

354 150 178 35 150 178 4 150 178 2 150 178 2
Bowers Beach ‘B’ 41 89
South Bowers "A' 31 78
a4 125 172 & 125 172 2 125 172 1 125 172 1
South Bowers 37 84
Slaughter Beach 'A’ 13 47

40 74
72 109 143 5 109 143 5 109 143 14 109 143 21
53 87

Slaughter Beach ‘D' 40 74
Primehook Beach 'A' 21 89
Prim 195 411 39 108 156 63 108 156 0 108 156 0 108 156 0
Primehook Beach 'C’ 20 88
Broadkill Beach 'A' 82 135
Broadkill Beach "B’ 62 115
Broadkill Beach 'C' 592 27 a0 123 176 92 123 176 24 123 176 39 123 176 24
Broadkill Beach 'D* 59 112
Broadkill Beach 'E' 76 129




Recreational Use Beach Width

SCENARIO 3 Basic Retreat

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing | 2011 Existing 2011 Beach 2021 Beach 2031 Beach 2041 Beach
Number of Conditions Conditions 2011 Beach Wwdith 2011 No. of 2021 Beach widith 2021 No. of| 2031 Beach wdith 2031 No. of| 2041 Beach widith 2041 No. of
Community Width (Dry) - | width (wet) - | Width (Dry)- [({include Wet)| Structures | Width (Dry) - |(include Wet) | Structures | Width (Dry) - | (include Wet) | Structures | Width (Dry) - [ (include Wet) | Structures
Beach Community Structures Feet Feet Feet Feet Lost (NET) Feet Feet Lost {NET) Feet Feet Lost (NET) Feet Feet Lost {NET)
Pickering Beach 44 38 73 38 72 0 38 73 10 38 73 27 38 73 1
Kitts Hummock 122 29 43 29 49 0 29 a3 9 29 43 18 29 43 24
Bowers Beach 'A" 60 33 60 38 60 88 60 38 60 33
354 0 4 5 8
Bowers Beach 'B' 41 69 a1 69 41 69 41 69 a1 69
South Bowers 31 78 31 78 31 78 31 78 31 78
24 o 1 4 2
South Bowers 'B' 37 a4 37 84 37 84 37 84 37 a4
Slaughter Beach 13 a7 13 47 13 a7 13 47 13 a7
Slaughter Beach "B 40 74 40 74 40 7 40 74 40 74
a7 0 0 0 4
Slaughter Beach 'C' 53 87 53 87 53 87 53 87 53 87
Slaughter Beach 'D* 40 74 40 74 40 74 40 74 40 74
21 69 21 69 21 69 21 69 21 69
195 a1 89 a1 29 v a1 89 1 a1 89 b a1 89 s
Primehook Beach 'C' 20 68 20 68 20 68 20 68 20 68
Broadkill Beach "A' 82 135 82 135 82 135 82 135 82 135
Broadkill Beach 'B' 62 115 62 115 62 115 62 115 62 115
Broadkill Beach 'C' 592 27 80 27 80 “ 27 80 33 27 80 36 27 80 25
59 112 59 112 59 112 59 112 59 112
Broadkill Beach 'E' 76 129 76 129 76 129 76 129 76 129




Recreational Use Beach Width

SCENARIO 4 Do Nothing

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing | 2011 Existing 2011 Beach 2021 Beach 2031 Beach 2041 Beach
Number of Conditions Conditions 2011 Beach Wdith 2011 No. of 2021 Beach Wdith 2021 No. of| 2031 Beach Wdith 2031 No. of| 2041 Beach Wdith 2041 No. of
Community ‘Width (Dry) - | width (wet)- | Width (Dry)- |({include Wet)| Structures | Width (Dry)- |{include Wet){ Structures | Width {Dry) - | (include Wet) { Structures | Width (Dry) - | (include Wet){ Structures
Beach Community Structures Feet Feet Feet - Feet Lost (NET) Feet Feet Lost {NET) Feet Feet Lost {NET) Feet Feet Lost (NET)
Pickering Beach a4 38 73 38 73 o o 35 2 0 35 14 o 35 22
Kitts Hummock 122 29 49 9 43 o 0 20 o 0 20 13 o 20 18
Bowers Beach ' 60 38 60 53 40 68 13 47 5 33
354 0 0 2 2
41 69 41 69 21 49 2 30 o 28
31 78 a1 73 30 77 28 75 26 73
24 0 0 1 2
South Bowers 'B' 37 84 37 a4 11 58 1 48 o a7
Slaughter Beach 'A' 13 a7 13 a7 0 34 0 34 0 34
Slaughter Beach 'B' 40 74 40 74 20 54 3 37 0 34
372 (1] 0 0 0
Slaughter Beach 'C' 33 87 53 87 33 67 13 47 o 34
Slaughter Beach 'D' a0 74 40 74 20 54 2 36 o 34
Primehook Beach 'A' 21 69 21 69 6 54 1 49 1 43
195 a 89 a 9 o a1 89 0 a1 29 0 a1 89 4
Primehook Beach 'C’ 20 68 20 68 20 68 20 68 20 63
Broadkill Beach 82 135 82 135 52 105 22 75 o 53
Broadkill Beach 'B' 62 115 62 115 31 84 4 57 o 53
Broadkill Beach 'C' 592 27 80 27 a0 o 5 58 4 0 53 12 o 53 33
Broadkill Beach 'D' 59 112 59 112 29 82 3 56 o 53
Broadkill Beach 'E’ 76 129 76 129 a6 99 16 69 o 53




Structure Losses

Considered a loss if the
projected shoreline is in |
contact with the structure -

The structure counted as a ‘ s w
loss only one time per 8% e
Scenario

Counted as a loss in the
earliest (2011, 2021, etc.)
projection that touches the
structure




tructure Losses By Scenario

Projected Net Structure Losses in Scenario 2: Strategic Retreat

Baseline Total

Beach Community Unaffected  Affected 2011
Structures
Pickering Beach 413 4 39 38 1 0 0
Kitts Hummock 114 42 72 52 10 9 1
Bowers Beach 325 282 43 33 4 2 2
South Bowers Beach 69 57 12 8 2 1 1
Slaughter Beach 310 265 45 5 5 14 21
Prime Hook 185 122 63 63 0 0 0
Broadkill Beach 583 404 179 2 24 39 24
Total 1629 1176 453 293 a6 65 49

Projected Net Structure Losses in Scenario 3: Basic Retreat

Beach Community

Pickering Beach 43 5 38

0 10 27 1
Kitts Hummock 114 63 51 0 9 18 24
Bowers Beach 325 308 17 0 4 5 8
South Bowers Beach 69 62 7 0 1 4 2
Slaughter Beach 310 306 0 0 0 4
Prime Hook 185 173 12 0 1 3
Broadkill Beach 583 467 116 2 23 36 25
Total 1629 1384 245 2 78 96 69

Baseline Total

Beach Community Unaffected  Affected 2011
Structures

Pickering Beach 13 5 38 0 2 14 22
Kitts Hummock 114 83 31 0 0 13 18
Bowers Beach 325 321 4 ] ] 2 2
South Bowers Beach 69 66 3 0 0 2
Slaughter Beach 310 310 0 0 0 0 0
Prime Hook 185 181 4 ] ] 4
Broadkill Beach 583 334 43 ] 4 12 33
Total 1629 1500 129 0 ] 42 81




Major Assumptions/Considerations

Sea Level Rise
Future Growth Rates

Scenarios do not affect back bay flooding

Conservative Perspective




Different Types of Benefits

Recreational Beach Use

Flood/Erosion Hazard Damage Reductions
Revenues - Taxes

Natural Resources - not quantifiable

Other - MATRIX




Recreational Values

¢ Beach width and housing loss projections provided by
JMT for each beach, under four management scenarios,

for 2011, 2021, 203 1 and 2041.
- Scenario l—Beach Nourishment «

¢ Scenario 2—Managed Retreat

¢ Distinguishes

¢ Recreation de analysis of Parsons et al. (2012), —A
Contingent Behavior Model for Valuing Beach Width: An
Application to Recreation Use on Delaware’s Bay
Beaches.”

¢ Estimates annual recreational benefits for each beach at: (1) current
average width, (2) 25% of current width, (3) 200% of current width.



Recreation Values
Sample Results from Parsons et al. (2012)

Table 3. Predicted 2010 Total Access Value to Delaware Bay Beaches

2010 Access
2010 Access 2018, Access Value Value Long

Value Day Trips prt OYernlght Overnight
Trips .
Trips

Bowers (owners) $118,488.77 $25,690.54 $8,563.51
Bowers (non-owners) $38,225.82 $42,817.56 $0.00
Broadkill (owners) $149,308.89 $246,865.05 $163,243.02
Broadkill (non-owners) $92,442.92 $99,546.23 $19,925.25
Primehook (owners) $19,276.02 $64,797.12 $43,205.64
Primehook (non-owners) $43,391.29 $37,807.77 $10,795.74
Slaughter (owners) $170,532.03 $78,668.29 $29,964.98
Slaughter (non-owners) $50,150.05 $48,703.31 $3,755.83
Pickering (owners) $18,515.90 $8,887.96 $2,964.13
Pickering (non-owners) $7,934.82 $2,964.13 $0.00
Kitts Hummock (owners) $7,617.77 $12,799.25 $0.00
Kitts Hummock (non-owners) $11,426.66 $4,266.42 $0.00
South Bowers (owners) $37,669.02 $9,738.35 $19,476.69
South Bowers (non-owners) $5,793.50 $6,489.42 $0.00

Beach and Visitor Type




Recreation Values
Sample Results from Parsons et al. (2012)

Table 4. Predicted Change in Total Access Value to Delaware Bay Beaches at 25% Width

2010 Access Value

2010 Access

Beach and Visitor Type Value Day Trips

Short Overnight
Trips

2010 Access
Value Long
Overnight

Trips

Bowers (owners)

Bowers (non-owners)
Broadkill (owners)
Broadkill (non-owners)
Primehook (owners)
Primehook (non-owners)
Slaughter (owners)
Slaughter (non-owners)
Pickering (owners)
Pickering (non-owners)
Kitts Hummock (owners)
Kitts Hummock (non-owners)
South Bowers (owners)
South Bowers (non-owners)

-$17,014.51
-$5,489.07
-$21,440.16
-$13,274.43
-$2,767.96
-$6,230.82
-$24,487.71
-$7,201.35
-$2,658.81
-$1,139.41
-$1,093.88
-$1,640.82
-$5,409.12
-$831.92

-$3,690.49
-$6,150.82
-$35,462.63
-$14,300.00
-$9,308.23
-$5,431.16
-$11,300.85
-$6,996.32
-$1,276.77
-$425.80
-$1,838.64
-$612.88
-$1,398.93
-$932.22

-$1,230.16
$0.00
-$23,450.16
-$2,862.30
-$6,206.57
-$1,550.83
-$4,304.53
-$539.53
-$425.80
$0.00
$0.00
$0.00
-$2,797.86
$0.00




Steps in the Analysis

¢ Using these inputs, the model predicts recreational value
for all beaches, under each management scenario, for all
years between 2011 — 2041. @i
t

¢ Model adjusts for both w;
¢ All values are disc & d

ture changes.
o annual discount rate.

¢ The sum of dis€oun \eﬁts over all time periods
(2011 to 2041) ined as the net present value.

¢ The benefit of each scenario 1s presented relative to a
hypothetical baseline in which the 2011 wadth 1s
maintained for each beach until 2041.



Preliminary Recreation Estimated Values —

Summary of Results

Table 7. Net Present Recreational Value of Beach Management Alternatives, 2011-2041

(compared to Scenario 4—Do Nothing)

Beach and Visitor Type

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Bowers (owners)
Bowers (non-owners)
Bowers (total)

$400,223.63
$771,184.19
$1,171,407.82

$229,321.54
$771,184.19
$1,000,505.73

$187,090.56
$400,420.00
$587,510.56

$0.00
$0.00
$0.00

Broadkill (owners)
Broadkill (non-owners)
Broadkill (total)

$1,080,985.57
$2,688,120.83
$3,769,106.40

$238,505.95
$2,688,120.83
$2,926,626.78

$470,291.57
$2,102,884.20
$2,573,175.77

$0.00
$0.00
$0.00

Primehook (owners)
Primehook (non-owners)
Primehook (total)

$492,298.53
$596,357.54
$1,088,656.07

-$208,941.89
$583.,276.77
$374,334.89

$24,250.24
$69,384.77
$93,635.01

$0.00
$0.00
$0.00

Slaughter (owners)
Slaughter (non-owners)
Slaughter (total)

$650,898.79
$1,740,705.57
$2,391,604.36

$550,751.59
$1,735,947.11
$2,286,698.70

$424,725.61
$1,161,274.18
$1,585,999.80

$0.00
$0.00
$0.00

Pickering (owners)
Pickering (non-owners)
Pickering (total)

$174,482.46
$482,431.19
$656,913.65

-$38,470.69
$482,431.19
$443,960.50

$54,003.63
$333,757.33
$387,760.97

$0.00
$0.00
$0.00

Kitts Hummock (owners)
Kitts Hummock (non-owners)
Kitts Hummock (total)

$272,032.70
$353,933.63
$625,966.33

$80,492.38
$353,933.63
$434,426.01

$135,927.37
$224,392.93
$360,320.30

$0.00
$0.00
$0.00

South Bowers (owners)
South Bowers (non-owners)
South Bowers (total)

$61,730.66
$328,787.17
$390,517.83

$31,139.46
$328,787.17
$359,926.63

$10,417.21
$83,907.07
$94,324.28

$0.00
$0.00
$0.00

TOTAL ALL BEACHES

$10,094,172.47

$7,826,479.24

$5,682,726.69

$0.00




Flood Impact Assessment

Methodology Overview

= Key Datasets:
= 1643 Structures: Structure Inventory Database
= 0.2%-, 1%-, 2%-, and 10%-Annual-Chance Stillwater Elevations:
2011 Draft Storm Surge Study Data
= Aerial Imagery: 2011 NAIP Data
= Topography: Delaware Coastal Program LiDAR

= Kent: Collected March 31 — April 7, 2007
= Sussex: Collected March 1 — March 31, 2005

= Others Including: Historical Erosion Rates, Sea Level Rise
Projections, 2011 Damage Frequency Functions




Flood Impact Assessment

Methodology Overview
= Wave Modeling
= Performed 1-dimensional wave modeling
= Constructed 27 coastal transects across all 7 communities
= Designated each structure with wave hazards of <1.5 ft. vs. 2 1.5 ft.
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Flood Impact Assessment

Methodology Overview
= Flood Damage Modeling

Per N
Alt
Futur

First Floor Flood
Depth (ft.)

Less than -16.0
-16to-8
B-s to-5
Sto-3
B-a to0
Otol
1to3
Greater than 3

Delaware Bay Shore 1%-Annual-Chance Stillwater First Floor Flood Depths (2011 Conditions)

Ecor:?(:n::fézalysm Bowers Beach & South Bowers, DE




Database/GIS Product - Current

First Floor Flood
Depth (ft.)

ILess than -16.0
-16to -8
B-a to-S
Sto-3
B-s o0
Otol
1to3
Greater than 3

“)Ee’awar e Bay ?"".’e 1%-Annual-Chance Stillwater First Floor Flood Depths (2011 Conditions)
cozoniy :’.Za ysis Bowers Beach & South Bowers, DE
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Beach Nourishment

First Floor Flood
Depth (ft.)

ILess than -16.0
-16to -8
B-a to-S
Sto-3
B-s o0
Otol
1to3
Greater than 3

“)Ee’awar e fi“’y ?"".’e 1%-Annual-Chance Stillwater First Floor Flood Depths (2011 Conditions)
il i :’.Za ysis Bowers Beach & South Bowers, DE

Date:




Flood Impact Assessment

Results

Expected Annual Flood Damages - 2011 to 2041 m
All Communities: Building Damage & Contents Damage M 202
55.0
mmmuim  Beach Nourishment (10-yrcycle design)
334
s e J: Enhanced Strategic Retreat
==@= 3: Strategic Retreat
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Erosion Impact Assessment

Focused on “lost housing services”.
Without erosion, housing services accrue in perpetuity on an
annual basis.
With an eroding shoreline, housing services accrue up until the
point in time when the parcel is lost.
This effect has been calculated using:

Estimates of today’s market value of properties

Property projected loss year
Discount rate applied

The mathematical expression for the loss for each parcel

reduces to Sum N/(1+r)":
M = market value of parcel
n = year of loss (n=1 for the 15t year, 2 for the 2" year, etc.)
r = the discount rate (4%, or .04 in this evaluation)




Erosion Impact Assessment

Erosion Damages vs. Lost Housing Services
Destruction of Structure & Contents vs. Loss to Property Owner of Property

Recognition of overlap, but capturing different effects

Results notably affected by number of structures removed
WhoIPays...?

v

’

No. of Structure

Expected Annual

Present Value of

Present Value of

Management < Cor Erosion Damages . Lost Housing
. Year Acquisitions or Erosion Damages .
Alternative (constant 2011 o Services
Losses . (millions of $) -
millions of $) (millions of $)

2011 0 $0.000
1: Beach Nourishment | 2021 0 $0.000

(10-yr cycle design) 2031 0 $0.000 $x.0 $X.0
2041 0 $0.000
2011 292 $0.000
i 2021 46 $0.000

2: Enhanced Retreat 5031 od $0.000 $X.0 $X.0
2041 49 $0.000
2011 2 $0.000
_ . 2021 78 $0.000

3: Strategic Retreat 5031 % $0.000 $0.0 $X.0
2041 68 $0.000
2011 0 $0.000
_ . 2021 6 $0.050

4: No Action 2031 22 30.268 $X.0 $X.0
2041 81 $0.920




Hazard Benefits Summary

Flood Damages, Erosion Damages, and Lost Housing
Services Avoided

Housing service losses for Alternatives 2 & 3 exceed losses
for Alternative 4 &> negative economic benefit for this category

Present Value of Present Value of Present Value of
Management Avoided Flood Avoided Erosion Avoided Lost
Alternative Damages Damages Housing Services Struct
(millions of $) (millions of $) (millions of $) R;;%\l/‘;zs
1: Beach Nourishment <
(10-yr cycle design) 3 $ $ 0
I- Il I I B S . -I
2: Enhanced Retreat $ $ : $ E 451
A I
I i
3: Strategic Retreat $ $ | $ ‘_ 244
I I

4: No Action

h-------

$

L— 129




Tax Revenue Impacts

Percent of government revenues from taxes:

Kent: 23%

Sussex: 56%
Property taxes account for ~1/5 of total revenues and ~1/2 of
all tax revenues

Average tax rates for Kent and Sussex Counties applied to
structures removed

. Total Estimated Percent of Total
Management No. of Properties
. . Annual Property Government
Alternative Acquired or Lost
Taxes Revenues Revenue

1 0 $0 0.0%

2 451 $288,000 0.27%

3 244 $156,000 0.15%

4 129 $69,000 0.07%

Conclusion: Taxes collected from property owners are used
to fund schools, libraries, and other important public
services. While estimated lost tax revenues are relatively
quite small (<1%), it is nevertheless a negative effect.




Cost Calculations

Building Replacement Value

Current Market Value
Loss of Housing Services
Demolition

Beach Nourishment




Cost Estimate Scenario 1

2011/ 2021

Delaware Bay Shore Economic Analysis

Management Alternatives: Scenario 1 - Beach Nourishment

Year 2011 Year 2021

2010 Study Current Values* 2010 Study Current Values*
tem Description Quantity Unit Unit Cost Cost Unit Cost Cost ltem Description Quantity ! Unit : Unit Cost Cost Unit Cost Cost
Pickering Beach Pickering Beach
1iBeach Nourishment | 138,500 cy s 70018 969,500 | $  13.00 | & 1,800,500 1!Beach Maintenance | 83,100} CY {§ 700!% 58L,700 35 13.00{ 5 1,080,300
2:Mobilization 1! EACH $450,000 | $ 450,000 | $1,250,000 | S 1,250,000 2iMobilization 1iEACH! $450,000 | § 450,000 | $1,250,000 { S 1,250,000
5 1,419,500 5 3,050,500 $ 1,031,700 $ 2,330,300
Kitts Hummock Kitts Hummock
1i{Beach Nourishment | 196,600 CY S 7.00: S 1,376,200 | S 13.00 | § 2,555,800 1:Beach Maintenance 117,960 | CY | & 7.00 i S 825,720 | 13.00 | § 1,533,480
2iMobilization 1 EACH $450,000 | 5 450,000 | $1,250,000 : $ 1,250,000 2:Mobilization 1{EACH!{ 5450,000 | § 450,000 | 51,250,000 | 5 1,250,000
5 1,826,200 5 3,805,800 5 1,275,720 $ 2,783,480
Bowers Bowers
1:Beach Nourishment 76,000 CcY $ 7005 532,000 | 13.00 | § 988,000 1:Beach Maintenance 456001 CY 1§ 7005 319,200 ¢ 5 13.00 | 5 592,800
2i{Mobilization 1) EACH | 5450,000§ § 450,000 | $1,250,000 | $ 1,250,000 2iMobilization 1{EACH! $450,000 | § 450,000 | 1,250,000 | $ 1,250,000
§ 982,000 4 2,238,000 § 769,200 § 1,842,800
South Bowers South Bowers
1iBeach Nourishment | 65,800 cy $ 70008 460,600 | $  13.00 | $ 855,400 1iBeach Maintenance | 39,480 | CY | § 7.00{% 276360 5 13.00 % 513,240
2!Mabilization 11 EACH | %450,000 | S 450,000 | $1,250,000 | $ 1,250,000 2{Mobilization 1/EACH! $450,000 { & 450,000 | 51,250,000 | § 1,250,000
§ 910,600 B 2,105,400 $ 726,360 § 1,763,240
Slaughter Slaughter
1{Beach Nourishment | 476,500 cy § 70018 3,335,500 | §  13.00 & 6,194,500 1!Beach Maintenance | 285300 CY | & 7.00.% 2,00L,300 35 13.001 % 3,716,700
2iMabilization 1 EACH | 450,000} 8 450,000 | $1,250,000 | & 1,250,000 2!Mobilization 1iEACH! $450,000 | & 450,000 | 1,250,000 | 3 1,250,000
5 3,785,500 5 7,444,500 $ 2,451,300 $ 4,966,700
Primehook Primehook
1!Beach Nourishment | 176,000 cy $ 70018 1,232,000 | §  13.00 & 2,288,000 1iBeach Maintenance | 105600 CY |!$ 7.00{% 739,200 35 13.00 5 1,372,800
2iMobilization 1! EACH $450,000 | 450,000 | $1,250,000 | S 1,250,000 2iMobilization 1{EACH| $450,000 | § 450,000 | $1,250,000 | $ 1,250,000
5 1,682,000 5 3,538,000 $ 1,189,200 $ 2,622,800
Broadkill; Broadkill
1:Beach Nourishment | 528,000 CY S 7.00 1 S 3,696,000 | S 13.00 | § 6,864,000 1i{Beach Maintenance 324,000 0 CY | S 70015 2,268,000 S 13.00 | S 4,212,000
2:Mobilization 1 EACH $450,000 | 5 450,000 | 51,250,000 | S 1,250,000 2iMobilization 1iEACH! 5450,000 | § 450,000 | 51,250,000 { S 1,250,000
3 4,146,000 5 8,114,000 $ 2,718,000 § 5,462,000
Scenario 1 2011 Totals $ 14,751,800 $ 30,296,200 Scenario 1 2021 Totals 510,161,480 $21,771,320

*- Current Values based on 2011 dollars




ost Estimate Scenario 1

2031/ 2041

Delaware Bay Shore Economic Analysis

Management Alternatives: Scenario 1 - Beach Nourishment

Year 2031 Year 2041

2010 Study Current Values* 2010 Study Current Values®
Item Description Quantity! Unit | Unit Cost Cost Unit Cost Cost ltem Description Quantity: Unit | Unit Cost Cost Unit Cost Cost
Pickering Beach Pickering Beach
1!Beach Maintenance 83,100 ! CY | S 7.00 | 5 581,700 | 5 13.00 | 5 1,080,300 1{Beach Maintenance 83,100 CY {5 7.00 { $ 581,700 | 5 13.00 | 5 1,080,300
2iMabilization 1{EACH! $450,000 | 5 450,000 | $1,250,000 : $ 1,250,000 2iMabilization 1iEACH{ $450,000 | 5 450,000 | $1,250,000 | $ 1,250,000
$ 1,031,700 $ 2,330,300 $ 1,031,700 $ 2,330,300
Kitts Hummock Kitts Hummock
1iBeach Maintenance | 117,960 { CY S 7.00%5 825,720 ¢ § 13.00 | 5 1,533,480 1Beach Maintenance | 117,960 { CY | § 7.00:5 825,720 | § 13.00 { § 1,533,430
2{Mobilization 1iEACH! $450,000 { 5 450,000 | 51,250,000 | § 1,250,000 2|Mabilization 11EACH! $450,000 { $ 450,000 | $1,250,000 | § 1,250,000
§ 1,275,720 § 2,783,480 $ 1,275,720 $ 2,783,480
Bowers Bowers
1:Beach Maintenance 456000 CY S  7.00 ¢S 319,200 | $ 13.00 | 5 592,800 1;Beach Maintenance 456000 CY (S F00(5 319,200 | § 13.00 : $ 592,300
2iMobilization 1{EACH| $450,000 | & 450,000 | $1,250,000 | § 1,250,000 2{Mabilization 11EACH!| $450,000 f $ 450,000 | $1,250,000 | § 1,250,000
§ 769,200 $ 1,842,800 $ 769,200 $ 1,842,800
South Bowers South Bowers
1{Beach Maintenance 39,480 CY {S 7005 276,360 | S 13.00 | § 513,240 1{Beach Maintenance 394801 CcY |§ F00!'S 276,360 | § 13.00 | & 513,240
2iMobilization 1/EACH! $450,000 | 5 450,000 ! $1,250,000 | § 1,250,000 2{Mabilization 1{EACH| $450,000 { 3 450,000 | $1,250,000 i § 1,250,000
$ 726,360 $ 1,763,240 $ 726,360 $ 1,763,240
Slaughter Slaughter
1iBeach Maintenance | 285900 | CY | $ 7.00:% 200L,300;% 13.00i% 3,716,700 1iBeach Maintenance | 285900 | CY |$§ 7.00i% 2,001,300 % 13.00:% 3,716,700
2! Mobilization 1iEACH! $450,000 f § 450,000 | $1,250,000 | $ 1,250,000 2iMobilization 1{EACH| $450,000 f $ 450,000 | $1,250,000 | § 1,250,000
$ 2,451,300 $ 4,966,700 $ 2,451,300 $ 4,966,700
Primehook Primehook
1iBeach Maintenance | 105,600} cyY |$ 700i%  739,200:% 13.00i% 1,372,800 1iBeach Maintenance | 105,600} CY | 70015 739,200 $ 13.00: % 1,372,800
2iMobilization 1{EACH| $450,000 | 5 450,000 | $1,250,000 | $ 1,250,000 2:Mabilization 1iEACH| $450,000 | 5 450,000 | $1,250,000 i $ 1,250,000
$ 1,189,200 $ 2,622,800 $ 1,189,200 $ 2,622,800
Broadkill Broadkill
1!Beach Maintenance 324,000 0 CY i & 7.00 {5 2,268,000 | & 13.00 | § 4,212,000 1:Beach Maintenance 324,000 0 CY | & 7.00 i 5 2,268,000 | $ 13.00 | § 4,212,000
2i{Mobilization 1iEACH! $450,000 | 450,000 | $1,250,000 { $ 1,250,000 2iMabilization 1{EACH| $450,000 | 5 450,000 | $1,250,000 | $ 1,250,000
$ 2,718,000 $ 5,462,000 $ 2,718,000 $ 5,462,000
Scenario 1 2031 Totals $10,161,480 $21,771,320 Scenario 1 2041 Totals $10,161,480 $21,771,320

*- Current Values based on 2011 dollars




ost Estimate Scenario 2

2011/ 2021

Delaware Bay Shore Economic Analysis

Management Alternatives: Scenario 2 - Enhanced Retreat

Year 2011 Year 2021
Current Values* Current Values*
Item Description Quantity: Unit{ Unit Cost Cost ltem Description Quantity ! Unit| Unit Cost Cost
Pickering Beach Pickering Beach
1 Market Value Purchase 1{ LS |§ 57500625 5,750,062 1 Market Value Purchase 1{ LS {5 80,997 | $ 80,997
2i  Structure Demolition 57,175 {SQFT! 5 7.00 | S 400,228 2! Structure Demolition 1,439 {SQFT! S 7.00 | 5 10,073
$ 5,150,289 I3 91,070
Kitts Hummock Kitts Hummock
1} Market Value Purchase 1) Ls {5 84879025 8,487,90 1i Market Value Purchase 1{ LS S 1,755,606 { S 1,755,606
2 Structure Demolition 97,572 |SQFT! 5 7.00 | § 682,001 2 Structure Demolition 24,381 {SQFT| S 7.00 | 5 170,668
$ 0,170,002 § 1,026,274
Bowers Bowers
1  Market Value Purchase 1! LS i3S 83783158 8,378,315 1:  Market Value Purchase 1{ LS {$ 625270:5 625,270
2 Structure Demolition 71,571 iSQFT} S 7.00 | S 501,000 2 Structure Demolition 5,325 iSQFT! § 7.00 | 5 37,272
$ 8,870,315 $ 662,542
South Bowers South Bowers
1  Market Value Purchase 1{ LS S 1,799,354 | § 1,799,354 1i  Market Value Purchase 1{ LS |S 547,551 5% 547,551
2} Structure Demolition 29,420 (SQFT! S 7.00 | S 206,362 2 Structure Demolition 6,562 |SQFTi S 7.00 | 5 45,931
$ 2,005,716 $ 503,482
Slaughter Slaughter
1i  Market Value Purchase 1{ LS S 2983469 | § 2,983,469 1} Market Value Purchase 1{ LS |S 1,720,689 { & 1,720,689
2 Structure Demolition 18,002 {SQFT! S 7.00 | S 126,017 21 Structure Demolition 17,127 {SQFT} § 7.00 | 5 119,888
$ 3,100,486 $ 1,840,578
Primehook Primehook
1i  Market Value Purchase 1: LS | 542,262,777 | § 42,262,777 1 Market Value Purchase - s {5 1.00% 5 -
2t Structure Demalition 189,622 {SQFT| S 7005 1,327,352 2{  Structure Demalition - i5QFT{ S 700 S -
$ 43,590,129 S -
Broadkill Broadkill
1{ Market Value Purchase 1! LS |{$55714,672 | S 55,714,672 1i Market Value Purchase 1i LS {S812971L,579 | S 12,971,579
2{  Structure Demolition 187,000 {SQFT! S 7.00 | S 1,309,000 2i  Structure Demalition 52,152 {SQFT! S 7.00{ S 365,062
$ 57,023,672 $ 13,336,641
Scenario 2 2011 Totals $129,929,511 Scenario 2 2021 Totals $18,450,588

* - Current Values based on 2011 dollars




ost Estimate Scenario 4

2021 /2031 / 2041

Delaware Bay Shore Economic Analysis

Management Alternatives: Scenario 4 - Do Nothing

Year 2021 Year 2031

« Year 2041

Current Values® Curre\l\t Values* Current Values®
Item Description Quantity! Unit |Unit Cost; Cost Item Description Quantity; Unit {Unit Cost;  Cost ltem Description Quantity; Unit { Unit Cost Cost
Pickering Beach Pickering Beach Pickering Beach
1iStructure Demolition 4,232 1SQFT|S 7005 29,624 1iStructure Demolition | 18,648 [SQFT! $  7.00 | $ 130,534 1iStructure Demolition | 34,296 {SQFT! S  7.00 | $ 240,070
5 29,624 § 130,534 § 240,070
Kitts Hummock Kitts Hummock Kitts Hummock
1iStructure Demolition - ISQFTIS 70005 - 1iStructure Demalition | 18,893 {SQFT{ S 7.00 | § 132,251 1iStructure Demolition | 29,815 {SQFTI S 7.00 | S 208,707
s $ 132,251 § 208,707
Bowers Bowers Bowers
1iStructure Demolition - SQFT|$ 7.00:5 - 1{Structure Demalition 5,624 1SQFTI S  7.00 5 39,370 1iStructure Demalition 4,269 1SQFTI S 7.0018 29,881
5 - $ 39370 5 29,881
South Bowers South Bowers South Bowers
1iStructure Demolition SQFT{S 7.00i§ - 1/Structure Demalition 4,036 {SQFTIS 7.001 5 28251 1{Structure Demalition 5,179 iSQFT{ S 7.001§ 43,252
s - § 28,251 § 4325
Slaughter Slaughter Slaughter
1iStructure Demolition - SQFT $ 70015 - 1:Structure Demalition SQFTIS  7.00 6 - 1iStructure Demalition SQFTI S 7.001 6
$ $ $
Primehook Primehook Primehook
1istructure Demolition - {SQFTiS 70018 - 1iStructure Demalition SQFTiS 7.0018 - 1iStructure Demolition | 16,574 {SQFT{ $  7.00 1§ 116,020
8§ = 4 = § 116,020
Broadkill Broadkill Broadkill
1iStructure Demolition 7,037 SQFTIS  7.00: 6 49,260 1iStructure Demolition | 15402 {SQFT{ S 7.00 | § 107,816 1iStructure Demolition | 66,039 {SQFT{ S  7.00 1 S 462,270
$ 49,260 $ 107,316 $ 462,270
Scenario 4 2021 Totals $78,884 Scenario 4 2031 Totals $438,222 Scenario 4 2041 Totals $1,100,202

*- Current Values based on 2011 dollars




ost Estimate Scenario 2

2031/ 2041

Delaware Bay Shore Economic Analysis

Management Alternatives: Scenario 2 - Enhanced Retreat

Year 2031 Year 2041
Current Values* Current Values*
Item Description Quantity | Unit| Unit Cost Cost ftem Description Quantity: Unit{ Unit Cost Cost
Pickering Beach Pickering Beach
1  Market Value Purchase - LS i § 1.00 ; S - 1, Market Value Purchase - LS s 1.00 | S -
21 Structure Demolition - SQFT! S 7.00 | 5 - 2! Structure Demolition - SQFT: S 7.00: S -
$ = $ =
Kitts Hummock Kitts Hummock
1i  Market Value Purchase 11 IS {§ 1,553,334 S 1,553,334 1, Market Value Purchase 1{ IS IS 10673515 106,735
2 Structure Demolition 18,879 {SQFT! & 7.00 |8 132,154 2 Structure Demolition 439 {SQFT! S 7.00 | 5 3,071
$ 1,685,488 5 109,806
Bowers Bowers
1i  Market Value Purchase 1{ LS {$ 405744 5% 405,744 1; Market Value Purchase 1{ LS {§ 407,258 5 407,258
2 Structure Demolition 3,629 {SQFT! & 7.00 | S 25,405 2! Structure Demolition 4,138 {SQFT} § 7.00 | 5 28,969
s 431,149 [ 436,228
South Bowers South Bowers
1  Market Value Purchase 1! 1S {8 120,361} % 120,361 1i  Market vValue Purchase 1{ LS |§ 143,827!5% 143,827
2 Structure Demolition 2,456 {SQFT| & 7.00 | 5 17,402 2! Structure Demolition 2,539 |SQFT} S 7.00 | S 17,773
§ 137,763 $ 161,600
Slaughter Slaughter
1i  Market Value Purchase 1! LS {8 5063,572{% 5,063,572 1! Market Value Purchase 1§ LS 510,082,323 ¢ § 10,082,323
2 Structure Demolition 40,257 {SQFT: S 7.00 | 5 281,801 2! Structure Demolition 59,783 {SQFT! S 7.00 | 5 418,430
$  5,345373 $ 10,500,803
Primehook Primehook
1 Market Value Purchase - s 15 1.00 {5 - 1 Market Value Purchase - s is 100§ 5 -
2i  Structure Demolition - i5QFT!$ 7.00 i S - 2! Structure Demolition - i5QFTi S 7001 S -
5 = 5 =
Broadkill Broadkill
1i  Market Value Purchase 1 LS |$20,623,771 | S 20,623,771 1 Market Value Purchase 1) LS {$11,161,349 | S 11,161,349
2{  Structure Demolition 70,403 {SQFTi § 700 S 492,821 2| Structure Demolition 43,512 |SQFT! S 700 S 304,585
$ 21,116,592 $ 11,465,934
Scenario 2 2031 Totals $28,716,365 Scenario 2 2041 Totals $22,674,371

*- Current Values based on 2011 dollars




ost Estimate Scenario 3

2011/ 2021

Delaware Bay Shore Economic Analysis

Management Alternatives: Scenario 3 - Basic Retreat

Year 2011 Year 2021
Current Values* Current Values*
Item Description Quantity | Unit | Unit Cost Cost ltem Description Quantity :Unit{ Unit Cost Cost
Pickering Beach Pickering Beach
1iMarket Value Purchase - LS s - 3 - 1iMarket Value Purchase 1{ LS | S 1,426,161 | S 1,426,161
2:iStructure Demolition - SQFT{S 7.00i5 - 2iStructure Demolition 14,460 {SQFTi S 7.00 | 5 101,221
[ - § 1,527,382
Kitts Hummock Kitts Hummock
1i{Market Value Purchase - s 1§ - s - 1i{Market Value Purchase 1{ LS |5 1,616,921 S 1,616,921
2iStructure Demolition - SQFTIS  7.00:5% - 2iStructure Demolition 13,383 {SQFT} & 7.00 | 5 93,681
$ - $ 1,710,602
Bowers Bowers
1iMarket Value Purchase - Ls |5 = S - 1iMarket Value Purchase 1{ LS |8 1,181,654 | § 1,181,654
2iStructure Demolition - SQFT| S  7.00%% - 2iStructure Demaolition 9,865 |SQFT! S 7.00 | 5 69,056
$ - $ 1,250,710
South Bowers South Bowers
1i{Market Value Purchase - s |8 - s - 1iMarket Value Purchase 1§ LS |8 216498 ;5 216,498
2iStructure Demolition - SOFT{S 7.00%5% - 2iStructure Demalition 4,036 iSQFT: & 7.00 | 5 28,251
$ - $ 244749
Slaughter Slaughter
1iMarket Value Purchase - s |8 - s - 1iMarket Value Purchase - s 8 1.00 | S -
2iStructure Demaolition - SQFT!S 7.00§5 - 2iStructure Demaolition - SQFTI S 7.00 | S -
$ = 5 =
Primehook Primehook
1iMarket Value Purchase - s |5 - 3 - 1iMarket Value Purchase 1! LS !5 1,025,250 S5 1,025,250
2iStructure Demolition - ISQFT{S 7.00:5 - 2iStructure Demolition 4,939 {SQFT! S 700 S 34,576
S - $ 1,059,826
Broadkill Broadkill
1{Market Value Purchase 1| LS |$66L115 S 661,115 1iMarket Value Purchase 1{ LS {530,519,185 | S 30,519,185
2iStructure Demolition 4,097 |SQFT{$ 7.00{S 28682 2{Structure Demalition 101,535 {SQFT| S 7001 S 710,742
$ 689,796 $ 31,229,927
Scenario 3 2011 Totals $689,796 Scenario 3 2021 Totals $37,023,196

* - Current Values based on 2011 dollars




ost Estimate Scenario 3

2031/ 2041

Delaware Bay Shore Economic Analysis

Management Alternatives: Scenario 3 - Basic Retreat

Year 2031 > Year 2041
Current Values* Current Values*
Item Description Quantity | Unit! Unit Cost Cost Item Description Quantity ; Unit Unit Cost Cost
Pickering Beach Pickering Beach
1iMarket Value Purchase 1{ LS {S 4,205811 5 4,205,811 1! Market Value Purchase 1] LS {§ 118,090 | S 118,090
2iStructure Demalition 41,508 {SQFT! S 7.00 | & 290,553 2 Structure Demolition 1,208 {SQFT! § 7.00 | 5 8,453
$ 4,496,364 § 126,543
Kitts Hummock Kitts Hummock
1iMarket Value Purchase 1{ LS 1S 2379962 1S 2,379,962 1i  Market Value Purchase 1) LS {$ 4,279,063 S 4,279,063
2iStructure Demolition 30,876 {SQFT! S 7.00 | § 216,129 2 Structure Demolition 51,048 {SQFT} § 7.00 | S 357,336
$ 2,506,001 $ 4,636,390
Bowers Bowers
1iMarket Value Purchase 1{ LS & 1,355,761 % 1,355,761 1; Market Value Purchase 1! LS {8 858,422 | & 858,422
2!Structure Demolition 11,130 iSQFT} 5 7.00 | & 77,910 2 Structure Demolition 9,924 {SQFT! & 7.00 | S 69,465
$ 1,433,670 $ 027,886
South Bowers South Bowers
1iMarket Value Purchase 1{ LS |'S 682,044 !5 682,044 1i  Market Value Purchase 17 LS {8 738,061 | & 738,061
2iStructure Demalition 12,399 iSQFT! $ 7.00 | & 86,791 2! Structure Demolition 8,987 iSQFT! & 7.00 | S 62,910
$¢ 768,835 $ 800,071
Slaughter Slaughter
1{Market Value Purchase - s i35 1.00 | § - 1i  Market Value Purchase 1! LS {$§ 2,337,278 S 2,337,278
2iStructure Demalition - SQFT! S 7.00 | 5 - 2 Structure Demolition 15,001 {SQFT| $ 7.00 | S 105,010
[ - § 2,442,288
Primehook Primehook
1:Market Value Purchase 1: 1S |5 4,704,592 | 5 4,704,592 1) Market Value Purchase 1{ 1S {$ 4,051,753 !5 4,051,753
2iStructure Demolition 23,952 iSQFT! S 7.00 | § 167,665 2 Structure Demolition 19,035 {5QFT! 7.00 | S 133,246
$ 4,872,258 $ 4,184,999
Broadkill Broadkill
1iMarket Value Purchase 1! LS {524,946,263 | S 24,946,263 1i  Market Value Purchase 1{ L5 {S 14,236,379 { S 14,236,379
2iStructure Demalition 83,554 (SQFT! S 7.00 8 584,875 2i  Structure Demolition 50,939 {SQFT! § 7.00 S 356,574
$ 25,531,139 $ 14,592,954
Scenario 3 2031 Totals $ 39,698,357 Scenario 3 2041 Totals $27,712,030

*- Current Values based on 2011 dollars




Cost Estimate Summary

Scenario Cost Estimates - Current Value*

seschCommunity  Beach  Enhanced SGgUio3:Basic Scenariod:Do
Nourishment Retreat 9% \\ €

Pickering Beach S 10,041,400 |S 6,241,362 |S 6,150,289 |S 400,228
litts Hummock $ 12,156,240 |$ 12,892,471 |$ 8,943,092 |$ 340,959
Bowers Beach $ 7,766,400 |$ 10,409,235 |$ 3,612,267 |$ 69,251
[South Bowers Beach | S 7,395,120 |S 2,898,561 (S 1,814,555 |S 71,503
SlaughterBeach  |$ 22,344,600 |$ 20,796,240 |$ 2,442,288 |$

Prime Hook $ 11,406,400 |$ 43,590,130 |$ 10,117,083 |$ 116,020
Broadkill Beach $ 24,500,000 |$ 102,942,839 |$ 72,043,816 |$ 619,346
[EOCKESERERS $ 95,610,160 |$ 199,770,838 |$ 105,123,389 |$ 1,617,307

¥~ Current Value based on 2011 dollars







Beach Breach Assessment Results

Refer to Two Images and Spreadsheet Summary




Beach / Reach / Breach Comparison

Beach Community Nourishment** Reach Nourishment*** Breach Fill Only****

10-Year 1962 T
... Typical Section ) 1962 10-Year Typical Section . B . Plug Fill Plug Fill Cost  Total Cost Per
10-Year Fill (CY) ) Total Cost™ Beach Reach . K X Typical Section Fill Breach
Fill Cost Fill (C Fill (CY) Fill Cost™® ] ) Volume ($13/cY) Reach®
Cost* ($13/CY)
($13/cy) ($13/cy)
/
PickeringBeach | 138500} ¢ 1,800,500 3,050,500
| Reach1 | 158,737 | 362,039 | § 3,313,582 | § 5,956,504 | |Breach 1A 10,864 | $ 141,235 ] § 1,391,235
Kitts Hummock | 196,600 | $ 2,555,800 | § 3,805,800 |
Reach2 | 159,694 307,738 | $ 3,326,023 | § 5,250,600 | |Breach 2A 3,957 | ¢ 51,442 1§ 1,301,442
Bowers Beach 76,000 | 5 988,000 | § 2,238,000
South Bowers 65,800 | § 855,400 | § 2,105,400
Breach 3A 1,921 | $ 24,978
Breach 3B 11,526 | § 149,843
Breach 3C 4975 | § 64,675
Reach 3 607,829 858,376 | $ 9,151,782 | § 12,408,384 $ 1,818,266
Breach 3D 13179 1§ 171,331
Breach 3E 10,818 | § 140,637
Breach 3F 3,600 | $ 46,303
Slaughter 476,500 | § 6,194,500 | § 7,444,500
Breach 4A 32,808 | § 426,505
Reach 4 568,171 490,478 | § 8,636,217 | § 7,626,219 $ 1,834,178
Breach 4B 1212318 157,673
Primehook Beach | 176,000 | $ 2,288,000 | § 3,538,000
Reach 5 478,011 545,490 $ 7,464,139 5 8,341,366 Mo Observed Breaches
Broadkill Beach | 528,000 | $ 6,864,000 | § 8,114,000
Beach Nourishment Total $ 30,296,200 | [Reach Nourishment Total $ 39,583,572 | |Breach Plug Only Total $6,375,121

*includes 51.25M mobilization cost per Beach or Reach

**_ Beach Nourishment costs represent a one time fill of the 10 year typical fill section

***_ Reach Nourishment between Beach areas (includes breach plug)

****_ Breach Plug includes filling breach areas to match elevation of adjacent un-breached area




*Data collection, processing and preliminary
analysis completed

*Integrated results are being developed, by
community and in aggregate and will be
provided Fall 2012

*Recommendations will be developed

*This analysis covered specific communities, the
broader bayshores management not addressed
- but could generate broader range of benefits




DELAWARE BAY BEACH WORK GROUP
May 11,2012
SENATE HEARING ROOM, DOVER

10:00 — 1:00 PM

AGENDA

e Comments from Co-Chairs

e Presentation from Johnson, Mirmiran and Thompson on the preliminary findings of the
Delaware Bay Beach Economic Study

e Update on status of Drainage Study

Welcome — Senator Bushweller
Agenda Change — Update on status of Drainage Study will be first with Frank Piorko.

Senator Simpson sends his regrets he had a conflict and is out of town.
Senator Bushweller on where we are in this process.

Mr. Eisenhardt will make a presentation today, it is not the final presentation on the
economic study but we are closing in on it. The economic study in the mix with all the
other studies done, this group or some variation of it is going to be in the position to start
undertaking serious discussions about what the group believes should be done regarding
the problems we have been studying and what recommendations we want to make to the
State of Delaware and to the counties and other levels of government or other interested
parties on how to deal with the problems. Between now and the next time we meet we all
need to be thinking about a process to develop recommendations for dealing with the
problems. And what kinds of recommendations are we going to make as to how to pay
for whatever we decide to recommend. This is equally important because if we do not
have the money then it hardly matters what we recommend. There also needs to be some
discussion to determine whether there is data still out there that we need. The goal is to
make good, serious, realistic recommendations to the government. There is the need to
move forward with an equal need to make sure we are moving forward in a logical data
based, evidence based way. We will need to have one more meeting regarding the
economic study but then the focus needs to shift from data collection to recommendations
for action.



Frank — Update on status of Drainage Study - Hand out given and is posted on
website.

At our last meeting we talked about taking the matrix and recommendations we worked
on and applying them now to the 7 bay beach communities using the protocol that was
developed for Bowers as kind of a guide. We have put together a Request for Proposals
for Engineering Services for Coastal Drainage Engineering. The proposal will be
advertised on May 14, 2012 and we will receive proposals until June 11, 2012. Moving
forward with doing a Request for Qualifications for bringing someone on to assist us,
Stephen Wright, our engineer and Brooks Cahall will be working with this individual to
apply the scope of services and assessment to these bay beach communities once we find
the funding. We will get qualification reviews of consultants and get a price proposal
based on the scope and then we will know exactly how much funding we are looking at.

Update on SB 64 — Floodplain and Drainage Advisory Committee —
Recommendations and Guidelines

http://www.dnrec.delaware.gov/swc/Pages/FloodplainandDrainageCode WorkGroupCommitt
ee.aspx

e Jim Eisenhardt — Presentation Economic Study — posted on website.
Secretary Collin P. O’Mara

Thank everyone for coming. One of my goals when Senator Bushweller and Senator Simpson
first asked me about setting up this work group was to get some real numbers and try to figure
out the options on the long term costs and long term benefits. We are starting to get some real
numbers so we can come up with some long term plans and real recommendations. Not just
what to do but how to fund it. The numbers are big and the challenges are great but at least we
are working with a common set of facts. There is a lot of data and blanks that need to be filled in
in the next couple of months. But I do think this is the information we need to make some
intelligent recommendations to the Governor, General Assembly and counties and
municipalities. I know it has taken a long period of time but I hope you can see the volume of
information that is being collected so that we can have a real State strategy for the first time in a
long time. Thank you all very much for being here.

Next meeting — September 14, 2012, Senate Hearing Room, Legislative Hall, Dover, 10:00-
1:00 pm.
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Summary - History of Presentations

Multiple Presentations to Date - Quarterly Since January 2011

* Geographic Coverage

Management Scenario Development

Data Collection
- Structure Inventory - Elevations
- Structure Metrics
- Modeling Flood/Erosion/SLR
- Flood/Erosion Damages
- Recreational Beach Widths

Economic Studies - Approach
- Flood/Erosion Damages Avoided
- Recreation
- Tax Revenues
- Ecosystem Services

Preliminary Findings on Recreation Benefits
]
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Data Collection

Fistloa Foos

Stillwater First Floor Flood Depths (2011 Conditions)
Bowers Beach & South Bowers, DE

Attributes of DI

(] JMT_Classific Res_Bidg_Type NRes_Bid| NRes_Bldg_Name Constr_Type FoundationType | KentFo| FF_SQFT | Bidg_SQFT | Kent S »
Residential Two or More Stories without Basement | <Nulk> <Null= Engineered Pile | <Null> 1423.8307 | 2847.661479 | <Nulk>
Residential Twro or More Stories without Basement | <Nulk> <Null= Engineered Slab | <Nulk> 1131.6068 | 2263.213629 | <Nulk>
Residential One-Story without Basement | <Null> <Null= Engineered Crawispace | <Null= | 20858480 | 2085848072 | <Nulk-
Residential One-Story wihout Basement | <Nul> | <Null- Engineered Crawiispace | <Nuls__| 2347.6437 | 2347.843771 | <hull-
Residential One-Story wilhout Basement | <Nul> | <Null- Engneered Crawispace | <Nul | 2516.7295 | 2516.729658 | <hull>
Residential One-Story without Basement | <Null= <hull= Engineered Crawispace | <Null> 3035.8643 | 3036.864387 | <Nulk-
Residential One-Story without Basement | <Null= <Null= Engineered Pile | <Null> 1456.5210 | 1456.521015 | <Nulk>
<Nl <Nl Nul> [ <Nul <Ml Ml <Nul>_| 14626861 | 1462.886108 | <Null
Residential One-Story without Basement | <Nul> | <Null- Engneered Pie | <Nuls__| 1270.3472 | 127034724 | <hull-
Residential One-Story without Basement | <Nul>__| <Null- Engneered Crawispace | <Nul>__| 24051386 | _2405.13964 | <hull-
Residential Two or Hore Stories wilhout Basement | <Nul> | <Nul> Engneered Pie | <Nul | 1342.6284 | 2565656054 | <hull>
Residential Mobile Heme | <Nulk> <hull= Pre-Engineered Crawispace | <Null> 12332701 | 1233.270104 | <Nulk=
Residential One-Story without Basement | <Null= <Null= Engineered Pile | <Null> 1664.0855 | 1664.085592 | <Nulk>
Residential Two or More Stories without Basement | <Nuls | <Nl Engineered Pic | <Nul> | 1150.1435 | 23802676 | <hull-
Residential One-Story wihout Basement | <Nul> | <Null- Engineered Ple | <Nul>__| 17918625 | 1781.852604 | <hull-
Nl <Nl Huls__ [ <Nl <Nl Tt “Nul>__| 1353.5004 | 1353500491 | <Null-
=Null= =Mull> <Null= <Null= =Mull> <Null> <Null= 1177.3371 | 1177.337193 | <Null=
Residential Two or More Stories without Basement | <Nulk> <Null= Engineered Pile | <Null> 1520.7656 | 3041.531633 | <Nulk>
Residential One-Story without Basement | <Null= <Null= Engineered Pile | <Null> 14254747 | 1425.474748 | <Nulk>
Residential Two or Mere Stories without Basement | <Null> <Null= Engineered Pie | <Null> | 15591653 | 3118.331933 | <Null=
Residential Two or More Stories without Basement | <Nul> | <Nl Engineered Pl | <Nul>__| 1170.1085 | 2340.217699 | <hull-
Residential One-Siory wilhout Basement | <Nul> | <Null- Engneered Crawispace | <Nul__| 10366557 | 1038655732 | <hull
Residential Two or More Stories without Basement | <Null> <Null= Engineered Piig | <Null= 4426.3889 | 8853.777961 | <Null=
Residential Two or More Stories without Basement | <Nulk> <Null= Engineered Pile | <Null> 27114743 | 5422.948714 | <Null>
Residential Two or More Stories without Basement | <Nul>__| <Nl Engineered Pie | <Nul> | 1752.0482 | 3504.096548 | <tul>_ ~
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Scenario 4 - Do Nothing : Baseline

-No government intervention or management (this is NOT Status Quo).
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Scenario 1: Beach Nourishment - Defined

- construct and maintain 10-year storm beach/dune system in front of existing
development
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Scenario 3 - Basic Retreat - Defined

Initially remove
structures to allow
a beach/dune
width equal to the
current widths in

each community.

Where existing
structures occupy
the beach, initial
removal occurs .

As additional
erosion/shoreline
migration occurs,
additional
structures removed
to maintain this
beach width.




Scenario 2 - Enhanced Retreat - Defined

Initially remove structure
to allow a beach/dune
width equal to the
recommended beach
hourishment templates
for each community.

As additional
erosion/shoreline
migration occurs,
additional structures are
removed to maintain this
beach width




Scenario Highlights — Expected Outcomes

NO ACTION

* Houses are lost

* Some communities lose all houses others only a portion
* Limited costs to government (clean up only)

* Recreational benefits remain to visitors

BEACH NOURISHMENT

* Houses are protected/maintained (to design criteria)

* Flood/erosion benefits are gained for owners (damages avoided)
* Recreational benefits are realized for owners and visitors

* Government bears cost for protection (currently)

RETREAT

* Houses (select) are removed systematically

* Some communities lose all houses others only a portion

* Flood/erosion benefits are gained (damages avoided)

* Recreational benefits are gained from maintained/increased beach widths
* Government bears the costs for removal




Flood/Erosion Impact Assessment
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Database/GIS Product - Current

First Floor Flood
Depth (ft.)
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Beach Nourishment
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Flood Damage Avoidance Data

Figure 4.3: lllustration of flood damage frequency aggregation.
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Projected Shorelines/Beach Widths

Beach Widths

Beach A:

2011 Existing: 60.30 Feet
2021 Scenario: 40.15 Feet
2031 Scenario: 18.90 Feet
2041 Scenanio: 4.99 Feet

Beach B:

2011 Existing: 40.55 Feet
2021 Scenario: 20.52 Feet
2031 Scenario: 2.21 Feet
2041 Scenario: 0.28 Feet




Pickering Beach

Scenario 3 — 2011 Shoreline

Projected Net Structure Losses in Scenario 3: Basic Retreat
Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Pickering Beach

Scenario 3 — 2021 Shoreline

Projected Net Structure Losses in Scenario 3: Basic Retreat
Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Pickering Beach

Scenario 3 — 2031 Shoreline

Projected Net Structure Losses in Scenario 3: Basic Retreat |

Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Pickering Beach

Scenario 3 — 2041 Shoreline
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Projected Net Structure Losses in Scenario 3: Basic Retreat
Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Bowers Beach

Scenario 3 — 2011 Shoreline
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Projected Net Structure Losses in Scenario 3: Basic Retreat

Beach Community Baseline Unaffected Total Affected 2011 2021 2031 2041

BowersBeach | s | 8 | v | o | 4 | - | & e




Bowers Beach

Scenario 3 — 2021 Shoreline

Projected Net Structure Losses in Scenario 3: Basic Retreat
Beach Community Baseline Unaffected Total Affected 2011 2021 2031 2041
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Bowers Beach

Scenario 3 — 2031 Shoreline

Beach Community Baseline Unaffected Total Affected 2011 2021 2031 2041
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Bowers Beach

Scenario 3 — 2041 Shoreline

Beach Community Baseline Unaffected Total Affected 2011 2021 2031 2041
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e Categories of Economic Effects Analyzed/Quantified

— Structures/Assets Damages

— Recreation

— Tourism Revenues

— Property values

— Local/Statewide business revenues

— Population demographics — shifts

— Natural Resource Capital Valuation
Wetlands, Wildlife, Fisheries, Etc.

— Others




Structure Losses By Scenario

Projected Net Structure Losses in Scenario 2: Strategic Retreat
Baseline Total

Beach Community Unaffected  Affected 2011
Structures
Pickering Beach 413 4 39 38 1 0 0
Kitts Hummock 114 42 72 52 10 9 1
Bowers Beach 325 282 43 33 4 2 2
South Bowers Beach 69 57 12 1 1
Slaughter Beach 310 265 45 5 5 14 21
Prime Hook 185 122 63 63 0 0 0
Broadkill Beach 583 404 179 92 24 39 24
Total 1629 1176 453 293 16 65 49

Projected Net Structure Losses in Scenario 3: Basic Retreat

Beach Community  Total Structures Unaffected  Affected 2011

Pickering Beach 43 5 38 0 10 27 1
Kitts Hummaock 114 63 51 0 9 18 24
Bowers Beach 325 308 17 0 4 3 8
South Bowers Beach 69 62 7 0 1 4 2
Slaughter Beach 310 306 0 0 0 4
Prime Hook 185 173 12 0 1 3
Broadkill Beach 583 467 116 2 33 36 25
Total 1629 1384 245 2 78 06 ]

Projected Net Structure Losses in Scenario 4: Do Nothing

Baseline Total

Beach Community Unaffected  Affected 2011
Structures

Pickering Beach 13 5 38 0 2 14 22
Kitts Hummock 114 83 31 0 0 13 18
Bowers Beach 325 321 4 ] ] 2 2
South Bowers Beach 69 66 3 0 0 2
Slaughter Beach 310 310 0 0 0 0 0
Prime Hook 185 181 4 ] ] 4
Broadkill Beach 583 334 43 ] 4 12 33
Total 1629 1500 129 0 ] 42 81




Big Picture Results

* By Scenario for All Communities

By Community for All Scenarios

e Distribution of Costs and Benefits




ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS - BENEFITS AND COSTS BY SCENARIOS: TOTALS

Costs Benefits
Non
Structures Public Total Property Owners Resident Total Net Impact per
Existing Removed House Cost Avoided Flood Benefits | Impact Structure
Community (A) (B) Demolition ~ Value  Nourishment (C) / Erosion Loss = Recreation [ Recreation (D) (D-C) [(D-C)/A]
(Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) | ($thousand)
Scenario 1 Total] 1763 0 S0 S0 $61.65 $61.65 $2.72 $3.13 $12.93 518.79 -$42.87 -24.3
Scenario 2 Totall 1763 451 $5.12 $149.5 $0 5154.58 $10.64 $0.88 $9.88 521.40 | -$133.18 -75.5
Scenario 3 TotaII 1763 244 $1.13 $61.1 $0 562.28 $2.99 $1.40 $10.13 $14.52 -$47.76 -27.1
Scenario 4 Totall 1763 129 $0.60 S0 $0 50.60 -$18.19 $0.00 $0.00 -518.19 -$18.79 -10.7
NOTES: (1) All values reported 2011 dollars. The figures are the present value of the stream of costs and benefits aggregated across 30 years (from 2011 to 2041)

and discounted at 4%. (2) House value reflects purchase costs (reported in Table 5.1-5.3 of the Baker reports). Demolition costs are from JMT file,
Bay_shore_cost_estimates_rev_discount.xls. (3) Scenario 1, 2, & 3 involve only voided flood benefits to owners, and Scenario 4 reflects only avoided
erosion loss.

' SOURCE: Baker. 2012. Economic Analysis of Delaware Bay Shores Management Alternatives. Phase 1C, 1D, & 2C Report. August 29, 2012.




ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS - BENEFITS AND COSTS BY SCENARIOS: BY COUNTY

Costs Benefits
Non
Structures Public Total Property Owners Resident Total Net Impact per

Existing |Removed House Cost Avoided Flood Benefits | Impact Structure

Community (A) (B) Demolition  Value  Nourishment (C) / Erosion Loss = Recreation | Recreation (D) (D-C) [(D-C)/A]
(Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) | ($thousand)

Kent County
Scenario 1 604 0 S0 S0 $23.75 $23.75 $0.26 $0.91 $1.94 $3.11 -$20.64 -$34.17
Scenario 2 604 165 $2 $26 $0.00 $27.62 $3.63 $0.30 $1.37 $5.29 -$22.33 -$36.96
Scenario 3 604 112 S0 $13 $0.00 $13.21 $0.76 $0.48 $1.56 $2.80 -$10.39 -$17.21
Scenario 4 604 76 S0 S0 $0.00 50.33 -$5.65 $0.00 $0.00 -55.65 -$5.98 -$9.90
Sussex County
Scenario 1 1159 0 S0 S0 $37.90 $37.90 $2.46 $2.22 $10.99 515.67 -$22.23 -$19.18
Scenario 2 1159 286 $3 $124 $0.00 5$126.96 $7.01 $0.58 $8.52 516.11 -$110.85 -$95.65
Scenario 3 1159 132 $1 $48 $0.00 5$49.07 $2.23 $0.92 $8.57 $11.61 -$37.46 -$32.32
Scenario 4 1159 53 S0 S0 $0.00 50.27 -$12.54 $0.00 $0.00 -512.54 | -$12.81 -$11.05




ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS - BENEFITS AND COSTS BY SCENARIOS

Costs Benefits
Non
Structures Public Total Property Owners Resident Total Net Impact per
Existing |Removed House Cost Avoided Flood Benefits | Impact Structure
Community (A) (B) Demolition  Value  Nourishment (C) / Erosion Loss = Recreation | Recreation (D) (D-C) [(D-C)/A]
(Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) | ($thousand)
SCENARIO 1: BEACH NOURISHMENT - COMPARED TO SCENARIO 4: NO ACTION
Pickering 44 0 S0 $0 $6.41 56.41 -$0.10 $0.17 $0.49 S0.56 -$5.85 -133.0
Kitts Hummock 122 0 S0 S0 $7.81 57.81 $0.05 $0.27 $0.35 50.68 -$7.13 -58.5
Bowers 354 0 S0 S0 $4.89 54.89 $0.17 $0.40 $0.77 51.34 -$3.55 -10.0
South Bowers 84 0 S0 S0 $4.64 54.64 S0.14 $0.06 $0.33 50.53 -$4.11 -48.9
Slaughter 372 0 S0 S0 $14.60 514.60 S0.57 $0.65 $1.74 52.96 -$11.64 -31.3
Primehook 195 0 SO S0 $7.32 $7.32 $0.37 $0.49 $0.60 51.46 -$5.86 -30.0
Broadkill 592 0 SO S0 $15.98 515.98 $1.52 $1.08 $8.65 $11.25 -$4.73 -8.0
Scenario 1Total] 1763 0 S0 S0 $61.65 561.65 $2.72 $3.13 $12.93 518.79 -$42.87 -24.3
SCENARIO 2: ENHANCED RETREAT - COMPARED TO SCENARIO 4: NO ACTION
Pickering 44 39 $0.25 $5.52 S0 S5.77 $0.74 -$0.04 $0.21 $0.91 -$4.86 -110.5
Kitts Hummock 122 72 $0.73 $10.7 S0 $11.40 $1.69 $0.08 $0.20 $1.97 -$9.43 -77.3
Bowers 354 42 $0.52 $7.43 S0 57.95 $0.73 $0.23 $0.70 51.66 -$6.29 -17.8
South Bowers 84 12 $0.22 $2.28 S0 52.50 $0.47 $0.03 $0.26 50.76 -$1.74 -20.7
Slaughter 372 45 $0.46 $10.6 S0 511.06 $0.33 $0.55 $1.64 52.52 -$8.54 -22.9
Primehook 195 63 $1.29 $37.6 S0 538.89 $1.64 -$0.21 -$0.16 51.27 -$37.62 -192.9
Broadkill 592 178 $1.65 S75.4 SO 577.01 $5.04 $0.24 $7.03 $12.31 -$64.70 -109.3
Scenario 2 Total] 1763 451 $5.12 $149.5 S0 5154.58 $10.64 $0.88 $9.88 521.40 | -$133.18 -75.5




ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS - BENEFITS AND COSTS BY SCENARIOS

Costs Benefits
Non
Structures Public Property Owners Resident
Avoided Impact
Total Flood / Total Net per
Existing |[Removed House Cost Erosion Benefits | Impact [Structure
Community (A) (B) Demolition = Value Nourishment (C) Loss Recreation | Recreation (D) (D-C) ([(D-C)/A]
SCENARIO 3: STRATEGIC RETREAT - COMPARED TO SCENARIO 4: NO ACTION
Pickering 44 38 $0.05 $3.40 S0 $3.45 $0.21 $0.05 $0.25 50.52 -$2.93 -66.7
Kitts Hummock 122 51 $0.15 $4.70 SO 54.85 $0.34 $0.14 $0.20 50.67 -$4.18 -34.3
Bowers 354 16 $0.08 $3.90 S0 53.98 $0.11 $0.19 $0.39 50.69 -$3.29 -9.3
South Bowers 84 7 $0.05 $0.88 SO 50.93 $0.10 $0.10 $0.72 50.92 $0.01 0.12
Slaughter 372 4 $0.03 $0.89 S0 50.92 $0.06 $0.43 S1.16 51.64 $0.72 1.9
Primehook 195 12 $0.11 $4.68 S0 54.79 $0.08 $0.02 $0.04 50.04 -$4.75 -24.4
Broadkill 592 116 $0.66 $42.7 S0 543.36 $2.09 $0.47 $7.37 59.93 -$33.43 | -56.5
Scenario 3 Total 1763 244 $1.13 $61.1 S0 562.28 $2.99 $1.40 $10.13 5$14.52 | -$47.76 | -27.1
SCENARIO 4: NO ACTION
Pickering 44 38 $0.15 S0 S0 50.15 -$2.54 $0.00 $0.00 -52.54 -$2.69 -61.1
Kitts Hummock 122 31 $0.12 S0 S0 50.12 -$2.41 $0.00 $0.00 -52.41 -$2.53 -20.7
Bowers 354 4 $0.03 S0 S0 50.03 -$0.42 $0.00 $0.00 -50.42 -$0.45 -1.3
South Bowers 84 3 $0.03 S0 S0 50.03 -$0.28 $0.00 $0.00 -50.28 -$0.31 -3.7
Slaughter 372 0 $0.00 S0 S0 50.00 $0.00 $0.00 $0.00 50.00 $0.00 0.0
Primehook 195 4 $0.04 S0 S0 50.04 -$1.19 $0.00 $0.00 -51.19 -$1.23 -6.3
Broadkill 592 49 $0.23 S0 S0 50.23 -$11.35 $0.00 $0.00 -511.35 | -$11.58 | -19.6
Scenario 4 Total 1763 129 $0.60 S0 S0 50.60 -$18.19 $0.00 $0.00 -518.19 | -$18.79 | -10.7
NOTES: (1) All values reported 2011 dollars. The figures are the present value of the stream of costs and benefits aggregated across 30 years

(from 2011 to 2041) and discounted at 4%. (2) House value reflects purchase costs (reported in Table 5.1-5.3 of the Baker reports).
Demolition costs are from JMT file, Bay_shore_cost_estimates_rev_discount.xls. (3) Scenario 1, 2, & 3 involve only voided flood benefits

Baker. 2012. Economic Analysis of Delaware Bay Shores Management Alternatives. Phase 1C, 1D, & 2C Report. August 29, 2012.



ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS - SUMMARY OF BENEFITS AND COSTS BY COMMUNITY

Costs Benefits
Non
Structures Public Total Property Owners residents Total Net Impact per
Community Existing |Removed House Cost JAvoided Flood Total Benefits | Impact | Structure
& Scenario (A) (B) Demolition Value Nourishment (C) / Erosion Loss = Recreation | (Owners) [ Recreation (D) (D-C) [(D-C)/A]
(Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) | ($thousand)

KENT COUNTY
Pickering

Scenario 1 44 0 S0 S0 $6.41 $6.41 -$0.10 $0.17 50.07 $0.49 50.56 -$5.85 -$133

Scenario 2 44 39 $0.25 $5.52 S0 $5.77 $0.74 -$0.04 $0.70 $0.21 50.91 -$4.86 -$110

Scenario 3 44 38 $0.05 $3.40 S0 $3.45 $0.21 $0.05 50.26 $0.25 $0.52 -$2.93 -$67

Scenario 4 44 38 $0.15 $0.00 S0 $0.15 -$2.54 $0.00 -52.54 $0.00 -52.54 -$2.69 -$61
Kitts Hummock

Scenario 1 122 0 S0 SO $7.81 $7.81 $0.05 $0.27 50.32 $0.35 $0.68 -$7.13 -$58

Scenario 2 122 72 $0.73 $10.70 S0 $11.43 $1.69 $0.08 S1.77 $0.20 $1.97 -$9.46 -$78

Scenario 3 122 51 $0.15 $4.70 S0 $4.85 $0.34 $0.14 50.48 $0.20 50.67 -$4.18 -$34

Scenario 4 122 31 $0.12 $0.00 S0 50.12 -$2.41 $0.00 -52.41 $0.00 -52.41 -$2.53 -$21
Bowers

Scenario 1 354 0 S0 S0 $4.89 $4.89 $0.17 $0.40 50.57 $0.77 51.34 -$3.55 -$10

Scenario 2 354 42 $0.52 $7.43 S0 50.52 $0.73 $0.23 50.96 $0.70 51.66 $1.14 $3

Scenario 3 354 16 $0.08 $3.90 S0 50.08 $0.11 $0.19 50.30 $0.39 $0.69 $0.61 $2

Scenario 4 354 4 $0.03 $0.00 SO $0.03 -$0.42 $0.00 -50.42 $0.00 -50.42 -$0.45 -$1
South Bowers

Scenario 1 84 0 S0 S0 $4.64 $4.64 $0.14 $0.06 50.20 $0.33 $0.53 -$4.11 -$49

Scenario 2 84 12 $0.22 $2.28 S0 $2.50 $0.47 $0.03 50.50 $0.26 $0.76 -$1.74 -$21

Scenario 3 84 7 $0.05 S0.88 S0 50.93 $0.10 $0.10 50.20 $0.72 50.92 -$0.01 $0

Scenario 4 84 3 $0.03 $0.00 S0 50.03 -$0.28 $0.00 -50.28 $0.00 -50.28 -$0.31 -$4




ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS - SUMMARY OF BENEFITS AND COSTS BY COMMUNITY

Costs Benefits
Non
Structures Public Property Owners residents
Total Total Net Impact per
Community Existing [Removed House Cost Avoided Flood Total Benefits | Impact Structure
& Scenario (A) (B) Demolition Value Nourishment (C) / Erosion Loss = Recreation | (Owners) || Recreation (D) (D-C) [(D-C)/A]
(Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smill)  [|($thousand)

SUSSEX COUNTY
Slaughter

Scenario 1 372 0 S0 S0 $14.60 $14.60 $0.57 $0.65 $1.22 $1.74 52.96 -$11.64 -$31

Scenario 2 372 45 $0.46 $10.60 S0 $11.06 $0.33 $0.55 50.88 $1.64 $2.52 -$8.54 -$23

Scenario 3 372 4 $0.03 $0.89 S0 50.92 $0.06 $0.43 50.49 $1.16 51.64 $0.72 $2

Scenario 4 372 0 $0.00 $0.00 S0 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0
Prime Hook

Scenario 1 195 0 S0 S0 $7.32 $7.32 $0.37 $0.49 50.86 $0.60 $1.46 -$5.86 -$30

Scenario 2 195 63 $1.29 $37.60 S0 $38.89 $1.64 -$0.21 51.43 -$0.16 $1.27 -$37.62 -$193

Scenario 3 195 12 $0.11 $4.68 S0 $4.79 $0.08 $0.02 50.10 $0.04 50.04 -$4.75 -$24

Scenario 4 195 4 $0.04 $0.00 S0 $0.04 -$1.19 $0.00 -51.19 $0.00 -§1.19 -$1.23 -$6
Broadkill

Scenario 1 592 0 S0 S0 $15.98 $15.98 $1.52 $1.08 $2.60 $8.65 $11.25 -$4.73 -$8

Scenario 2 592 178 $1.65 $75.40 S0 $77.05 $5.04 $0.24 55.28 $7.03 $12.31 -$64.74 -$109

Scenario 3 592 116 $0.66 $42.70 S0 $43.36 $2.09 $0.47 $2.56 $7.37 $9.93 -$33.43 -$56

Scenario 4 592 49 $0.23 $0.00 S0 50.23 -$11.35 $0.00 -511.35 $0.00 -511.35 | -$11.58 -$20
NOTES: (1) Scenario 1 - beach nourisment; scenario 2 - enhanced retreat; scenario 3 - strategic retreat; scenario 4 - no action. (2) The figures are the

SOURCE: Baker. 2012. Economic Analysis of Delaware Bay Shores Management Alternatives. Phase 1C, 1D, & 2C Report. August 29, 2012.




ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS -
DISTRIBUTION OF COSTS AND BENEFITS BY COMMUNITY

Scenario 1: Scenario 2: Scenario 3: Scenario 4:
Nourishment Enhanced Retreat Strategic Retreat No Action
Benefits Costs Benefits Costs Benefits Costs Benefits Costs
Community (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smilll) (Smill)
KENT COUNTY
Pickering
Private -$0.10 S0.74 $0.21 -$2.54
Public $0.66 $6.41 $0.17 $5.77 $0.30 $3.45 SO $0.14
Total| $0.56 $6.41 50.91 S5.77 S0.51 S$3.45 -52.54 S0.14
Net impact -$5.85 -$4.86 -$2.94 -$2.68
Kitts Hummock
Private $0.05 $1.69 S0.34 -$2.41
Public $0.62 $7.81 $0.28 $11.40 $0.34 $4.85 S0 $0.12
Total| 50.67 57.81 $1.97 $11.40 S0.68 54.85 -5§2.41 S0.12
Net impact -$7.14 -$9.43 -$4.17 -$2.53
Bowers
Private $0.17 $0.73 $0.11 -$0.42
Public $1.17 $4.89 $0.93 $7.95 $0.58 $3.98 S0 $0.03
Total| $1.34 54.89 51.66 $7.95 S0.69 53.98 -50.42 50.03
Net impact -$3.55 -$6.29 -$3.29 -$0.45
South Bowers
Private $0.14 $0.47 $0.10 -50.28
Public $0.39 $4.64 $0.29 $2.50 $0.82 $0.93 SO $0.03
Total| S0.53 5$4.64 S0.76 $2.50 50.92 50.93 -50.28 50.03
Net impact -$4.11 -$1.74 -$0.01 -$0.31




ECONOMIC ANALYSIS OF DELAWARE BAY SHORE MANAGEMENT OPTIONS -
DISTRIBUTION OF COSTS AND BENEFITS BY COMMUNITY

Scenario 1: Scenario 2: Scenario 3: Scenario 4:
Nourishment Enhanced Retreat Strategic Retreat No Action
Benefits Costs Benefits Costs Benefits Costs Benefits Costs
Community (Smill) (Smill) (Smill) (Smill) (Smill) (Smill) (Smilll) (Smill)
SUSSEX COUNTY
Slaughter
Private $0.57 $0.33 $0.06 S0
Public $2.39 $14.60 $2.19 $11.06 $1.59 $0.92 SO SO
Total| 52.96 5$14.60 $2.52 511.06 51.65 50.92 S0 S0
Net impact -$11.64 -$8.54 $0.73 $0.00
Prime Hook
Private $0.37 $1.64 $0.08 -$1.19
Public $1.09 $7.32 -50.37 $38.89 $0.06 $4.79 SO $0.04
Total| S1.46 S$7.32 $1.27 5$38.89 50.14 $4.79 -5§1.19 S0.04
Net impact -$5.86 -$37.62 -$4.65 -$1.23
Broadkill
Private $1.52 $5.04 $2.09 -$11.35
Public $9.73 $15.98 $7.27 $77.01 $7.84 $43.36 SO $0.23
Total| S11.25 5$15.98 $12.31 577.01 59.93 543.36 -511.35 50.23
Net impact -$4.73 -$64.70 -$33.43 -$11.58
NOTES: (1) All values reported 2011 dollars. The figures are the present value of the stream of
(2) Private benefits reflect avoided losses to private property due to flooding or
(3) Publicimpacts include the direct costs of management option under each scenario
SOURCE: Baker. 2012. Economic Analysis of Delaware Bay Shores Management Alternatives.
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Beach Nourishment Cost per Structure

Community

Pickering

Kitts Hummock

Bowers

South Bowers

Slaughter

Primehook

Broadkill

Structures Nourishment ($millions) || Nourishment/Structure (Sthousands)

44 $6.41 $1.46

122 $7.81 $0.64
354 $4.89 $0.14

84 $4.64 $0.55

372 $14.60 $0.39

195 $7.32 $0.38

592 $15.98 $0.27




Total Benefits and Costs

Total Costs Total Benefits
| No Action Scenario 1: Nourishment
State Of [?E Nonresident
$0.60 million Flood & $14.00 $12.93
Erosion $12.00 S
Damage for 410.00
Owners c
$18.19 2 58.00 —
million £ $6.00 . —
vr ¢4.00 4 Resident
. $2.72 3313
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W—— _ $0.00 ; :
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Community Specific Results




Pickering Beach

Scenario 2 — 2041 Shoreline

Projected Net Structure Losses in Scenario 2: Strategic Retreat |

Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Pickering Beach

Scenario 3 — 2041 Shoreline

il

“;4.:-... —

Projected Net Structure Losses in Scenario 3: Basic Retreat
Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Pickering Beach

Scenario 4 — 2041 Shoreline

Projected Net Structure Losses in Scenario 4: Do Nothing
Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Pickering Beach

Pickering Costs

No Action

State of DE
$0.14 million

Flood &
Erosion
Damage for
Owners
$2.54 million

“No Action” is Scenario 4

$milllion

$0.5
$0.4
503
$0.2
501
$0.0

-50.1
-50.2

Pickering Benefits
Scenario 1: Nourishment

MNonresident
$0.5
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| . $0.2
1 0.1
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50.0
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Pickering Benefits
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$0.7
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Pickering Benefits
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Pickering Beach

Pickering
Scenario Costs and Benefits
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Kitts Hummock

Scenario 2 — 2041 Shoreline

Projected Net Structure Losses - Scenario 2: Strategic Retreat
Beach Community Baseline Unaffected Total Affected 2011 2021 2031 2041
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Kitts Hummock

Kitts Hummock Costs

No Action
State of DE
$0.12 million
Flood &
Erosion
Damage for
Owners

$2.41 million

“No Action” is Scenario 4

Kitts Hummock Benefits
Scenario 1: Nourishment

‘ k\

- Resident
Avoided Recreation 40%
Damages » 92%
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8%
52%

y

Kitts Hummock Benefits
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86% 14%

10%
N
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Scenario 3: Strategic Retreat
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Kitts Hummock

Kitts Hummock
Scenario Costs and Benefits

$14
512 $11.4
$10
$8 $7.8
§ 56
E
- 4 ® State of DE
Recreation
0.2
82 > m Avoided Damages
50 —
$0.1 »17
52
$2.4
<4
%] v %] “ (%) w w %)
= b7 = b7 = b7 = -
] =) T k=1 ] °Q ] =
= o = o c o = o
(7] Y] Ly N
[==] @ @ [==]
Scenario 1 Scenario 2 Scenario 3 Scenario 4




Bowers Beach

Scenario 2 — 2041 Shoreline

Projected Net Structure Losses - Scenario 2: Strategic Retreat
Beach Community Baseline Unaffected Total Affected 2011 2021 2031 2041
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Bowers Beach

Scenario 3 — 2041 Shoreline

Beach Community Baseline Unaffected Total Affected 2011 2021 2031 2041
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Bowers Beach

Scenario 4 — 2041 Shoreline
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Projected Net Structure Losses in Scenario 4: Do Nothing '.—,

Beach Community  Baseline Unaffected Total Affected 2011 2021 2031 2041
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Bowers Beach

Bowers Costs
No Action

State of DE
$0.03 million

Flood &
Erosion
Damage for
Owners
$0.42 million

“No Action” is Scenanio 4

Bowers Benefits
Scenario 1: Nourishment

Resident
A 30%
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S —
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Bowers Beach

Bowers
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South Bowers Beach

South Bowers Costs

No Action

State of DE
$0.03 million

Flood &
Erosion
Damage for
Owners
$0.28 million

“No Action” is Scenario 4

South Bowers Benefits
Scenario 1: Nourishment

\ Resident

= .
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Damages 74% Nonresident
26% 62%

South Bowers Benefits
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4%
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South Bowers Benefits
Scenario 3: Strategic Retreat
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South Bowers Beach

South Bowers
Scenario Costs and Benefits
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Slaughter Beach

Slaughter Benefits Slaughter Benefits
Scenario 1: Nourishment Scenario 2: Enhanced Retreat
\- Resident \- Resident
22% 22%
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Slaughter Benefits
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Slaughter Beach

Slaughter
Scenario Costs and Benefits
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Prime Hook

Prime Hook Costs

No Action

State of DE
$0.04 million

Flood &
Erosion
Damage for
Owners
$1.2 million

“No Action” is Scenario 4

Prime Hook Benefits
Scenario 1: Nourishment

\
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Q,
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Damages 75%
25% Nonresident
41%
/

Prime Hook Benefits
Scenario 2: Enhanced Retreat

3240 Avoided

Damages, $1.64
$1.50 -+
$1.00 —
: Recreational Loss
050 ——

Resident Nonresident

660 -50.21 -50.16

-50.50

Prime Hook Benefits
Scenario 3: Strategic Retreat

. Resident
7%
Avoided t

BEINEEI Recreation
56% 44% MNonresident

27%

S —




Prime Hook

Prime Hook
Scenario Costs and Benefits
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BroadKill

Broadkill Costs

No Action

State of DE
$0.23 million___

Flood &
Erosion
Damage for

Owners
11.4 million

“No Action” is Scenario 4

Broadkill Benefits
Scenario 1: Nourishment

\ Resident

IS
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Damages 37% Nonresident
13% 77%

Broadkill Benefits
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BroadKill

Broadkill
Scenario Costs and Benefits
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Beach Breach Analysis







Beach / Reach / Breach Comparison

Beach Community Nourishment** Reach Nourishment*** Breach Fill Only****

10-Year 1962 0y
-Year
. Typical Section 10-Year Typical Section . B . Plug Fill Plug Fill Cost ~ Total Cost Per
10-Year Fill (CY) . Total Cost™ Beach Reach i I . Typical Section Fill Breach e
Fill Cost Fill Fill (CY) Fill Cost™ Cost= ($13/CY) Volume ($13/1 Reach®
A0S R
($13/cy) ($13/cy)
Pickering Beach | 138,500} ¢ 1,800,500 § 3,050,500
| Reachl | 158,737 | 362,039 | § 3,313,582 | § 5,956,504 | |Breach 1A 10,864 | 141,235 § 1,391,235
Kitts Hummock | 196,600 | $ 2,555,300 | § 3,805,300 |
Reach2 | 155,694 | 307,738 | $ 3,326,023 | § 5,250,600 | |Breach 24 3,957 $ 51,492 1§ 1,301,842
Bowers Beach 76,000 | 5 988,000 | § 2,238,000
South Bowers 65,300 | $ 855,400 | § 2,105,400
Breach 3A 1,921 % 24,978
Breach 3B 11,526 | § 149,843
Breach 3C 2,975 % 64,675
Reach 3 607,829 858,376 | § 59,151,782 | § 12,408,884 $ 1,848,266
Breach 3D 13,179 | $ 171,331
Breach 3E 10,818 | $ 140,637
Breach 3F 3,600 | $ 46,803
Slaughter 476,500 | § 6,194,500 | $ 7,444,500
Breach 4A 32,808 | § 426,505
Reach 4 568,171 450,478 | § 8,636,217 | § 7,626,219 $ 1,834,178
Breach 4B 12,129 | § 157,673
Primehook Beach | 176,000 | $ 2,288,000 | § 3,538,000
Reach 5 478,011 545,490 $ 7,464,139 $ 8,341,366 Mo Observed Breaches
Broadkill Beach | 508,000 | $ 6,854,000 | § 8,114,000
Beach Nourishment Total $ 30,296,200 | [Reach Nourishment Total $ 39,583,572 | |Breach Plug Only Total $6,375,121

*includes 51.25M mobilization cost per Beach or Reach

**_ Beach Nourishment costs represent a one time fill of the 10 year typical fill section

***_ Reach Nourishment between Beach areas (includes breach plug)

**=* _ Breach Plug includes filling breach areas to match elevation of adjacent un-breached area




Show the boards on the reaches and
volumes if needed




General Findings

- Benefits are limited to:
- Avoided Flood Damages and Erosion Damages (Housing
Services)
- Recreational Benefits

* Tax revenue impacts are nominal for the communities and
determined to be a “wash” for cost/benefit calculations

* Benefits (recreational/avoided damages) and their distribution were
identified for each community

* Only a subset of the properties evaluated (those closest to the
shoreline) recognized significant benefit for flood/erosion damage
avoidance




General Findings (cont.)

* Costs for all scenarios when compared to the No Action exceed
identified total benefits and benefits assighed to the public

* Refined retreat scenarios, managed properly, could reduce overall
costs if that management scenario is selected

* For some communities, such as Pickering Beach, if assumptions
oh erosion rates are true, and management activities cease, the
community would be lost over the planning horizon

 While some communities will continue to be viable without
intervention, composition will change and still be at risk

* All scenarios assumed State of Delaware (government) funding
- Costs identified are significant for any of the
communities/counties
= Alternative sources of revenue generation could be
required if other parties are to participate in funding




Where Do We Go from Here

 We have all of this data (technical and financial) - what
next?

* Given the information developed today, what would be
the path forward to develop a Course of Action for
Delaware for the Bay Beach Communities?




QUESTIONS




DELAWARE BAY BEACH WORK GROUP
September 14, 2012
SENATE HEARING ROOM, DOVER

10:00 — 1:00 PM

AGENDA

e Comments from Co-Chairs

e Presentation from Johnson, Mirmiran and Thompson on the preliminary findings of the
Delaware Bay Beach Economic Study

e Update on status of Drainage Study

Welcome — Senator Simpson

Committee Members in Attendance — Senator Brian Bushweller, Senator Gary Simpson,
Representative Ruth Briggs King, Representative Harvey Kenton, Representative Harold
Peterman, Sarah Cooksey, Tony Pratt, Frank Piorko, Kelvin Ramsey, David Wunsch, Michael
Petit de Mange, Michael Stroeh and Ralph Reeb

Tony Pratt — Status of PBS&J Study

The PBS& J plan that is before us is still intended to be constructed. The economic analysis that
has been done, that we will hear about for the bulk of the meeting today, will be data and
information used for consideration for future work beyond that PBS& J work. 1 say that
expecting that we will get the funding needed to conduct that 10 year plan of work that we all
have been looking at for about 3-4 years. We have been doing interim and low volume truck
haul projects in many of the bay beach communities for the last several years. We will continue
that work as we continue to strive to get the larger PBS& J template on the beach. There are a
number of balls in the air, we have had to investigate the completely new borrow areas in order
to meet the sediment needs for these communities. Where we have taken sand out before the
commercial dredges cannot get into these sites it is too shallow. So it has been an extensive
amount of geotechnical work and going through permitting. We have the added bonus of the
main channel deepening project coming on board we expect maybe as early as next year. The
designated spot for that sand to go has been for the duration of that planning efforts by the Corps,
has been Broadkill Beach. This changes the dynamics of the south reach as we had talked about.
We are still waiting to make sure that is exactly what is going to be happening. We are in the
process of refocusing our attention on the north reach and getting that going more quickly. So,



all those things leads us to moving forward with the PBS&J plan which is still the intention of
the State; to fund that as we have been funding those project historically. It depends on us
achieving the funding we need to get that. We re-estimated the original PBS&J cost estimates
that were used in the study. These costs were based on work we had just done prior to that study
at Broadkill and Slaughter beaches. So the projection for the funding needs for those projects
was based on those actual contracts. We had a different contract last year for Lewes Beach
which was with the exact same company that had worked Broadkill and Slaughter several years
earlier for us in 2005-2006. That same company, Cottrell Dredging out of Norfolk, did Lewes
Beach last year at a rate that was almost double what was charged to us at Broadkill and
Slaughter. So, we have asked the original contractors to go back and re-estimate the costs of
those projects at that adjusted price amount, and of course that has doubled. It has gone from
$16 million to almost $30 million in projected needs to do the projects. That is what we are
seeking at this point. But the work that we are talking about, the economic analysis today is for
application and projects beyond this initial PBS&J construction.

Question — Senator Simpson: Talking about the river deepening project which will free up
monies for work at the other beaches. What is the status of that project?

Tony — That reduces the amount of money we would be asking for in the next couple of years.
Not freeing up money that is currently available, so it reduces a request. The current plan by the
Corps of Engineers is to be in a position as early as September of 2013to be pumping sand on
Delaware Bay beaches, at this point Broadkill beach is their target. There are number of things
that have to happen to make that happen. The Corps will have to obtain new easements that
meet the federal standards if Broadkill is to remain the designated site. And we have begun that
process. The Corps will have to receive the money in the 2013 work plan from the federal
government which is still yet to be seen but is expected. It goes through a permitting process and
a procurement process and then we will proceed. If all goes well we will be able to move
forward. They have been doing a sequence of reaches of the Delaware deepening project and
they have gone out exactly as expected, in the timeframes as they expected. Their planning and
achievement record has been pretty good on this project over the last couple of years. Because
of the work the Corps is proposing at Broadkill Beach our attention in DNREC has moved to the
north reach of the Kent county beaches.

Question — Representative Ruth Briggs King: Why did cost double what was the factor?

Tony — I cannot really answer that question other than that is what the same contractor charged
just a few miles down the beach where they had done work a few years earlier. The actual
competitive bid process came out double of what we had done before. I have talked to the Corps
and some of the dredging contractors and asked is that because you are bidding on a federal job
that may have more requirements? And they said “No” actually bidding on federal jobs is
almost easier because it is so laid out that we know what we are doing. There are more
questions to be asked on State or county level jobs around the country. But we went ahead and



put in the new numbers because they are real contracts obtained in a competitive process. There
could be lots of factor as to why that number is higher. Fuel cost is one, labor cost are another.
The competitive nature of the business, it could be that at the time slot that the Corps bid Lewes
Beach there were no other dredges available that were in competition with Cottrell and they
could make a lot of money on this project. We felt that we were honor bound to put in the higher
number since it was an actual real number.

Senator Simpson — Our purpose today is to hear the results of the economic analysis that was
conducted by Johnson, Mirmiran & Thompson, Jim Eisenhardt. We will hear the presentation,
hear from the Committee, hear from the audience and then ask the Committee to go back to their
respective constituency for feedback on the plan. Then come back to our next meeting with
discussion on points going forward.

Jim Eisenhardt - Presentation - Results of the Delaware Bay Beach Economic Study:
http://www.dnrec.delaware.gov/swc/shoreline/pages/delawarebaybeachworkgroup.aspx

Handout - Summary Data — Economic Analysis of Delaware Bay Shore Management Options —
Benefits and Costs By Scenarios: Totals
http://www.dnrec.delaware.gov/swc/shoreline/pages/delawarebaybeachworkgroup.aspx

Senator Bushweller — We have always known since the beginning of this Group that we had
both a short term obligation as State government to deal with the immediate kinds of issues that
affect the bay beach communities. But we have also known that in the longer term there were
going to be some big issues, very important public policy issues for the State of Delaware, the
counties in particular to address. It was important that we heard from Tony Pratt this morning
indicating that the implementation of the results of PBS& J Study is on-going. And that at least
helps, and I understand that there are other issues, with the short term issues. Especially with the
end results we have before us this morning, we know that the costs of dealing with the effects of
sea level rise, beach migration on these communities is going to be substantial. From a political
prospective this kind of data that has been developed by this Group will assist the people who are
most directly affected by these issues and their elected representatives in formulating proposals
about what should or could be done about it. But by definition that is not a majority of the State
and as a consequence I think it will be important for those affected by this to formulate the data
in the best way and come up with the best ideas with how to deal with it. Then carry those ideas
with the arguments behind them to rest of the State that are not directly affected by the whole
thing. Because unless there is that kind of overall political consensus developed I don’t think we
will be able to reach any kind of real conclusions. I will be happy to be one of those people that
will carry the message you develop to the General Assembly and the county government. The
fact is this is a fundamentally important issue that the State of Delaware is going to have to
address over the next several years. It is going to have too much of an impact on our State not to
do that. T will be happy to be a non-chair participant.



Frank Piorko - Status of Drainage Study

This committee has taken on an added responsibility for looking at a process to establish
priorities for the smaller drainage to moderate flooding projects in each of these bay beach
communities. Throughout this process we have looked at a way to establish a way to prioritize
these projects to look at what we think the communities feel are important. Right now we are in
negotiations with one of the consultations as a result of the Request for Proposal to assist us. It is
our hope that we have a contract in the next 4-6 weeks. The scope of work and proposal that we
will be moving forward with in each of the 7 bay beach communities will involve data
collection. We have tremendous body of information as a result of the work from this Group.
We will gather that body of information and complied with the history of the drainage concerns
that we have in our own data base. We will be looking at conducting community meetings to
discuss specific drainage information. We want to know what happens during high tide, low
tide, when it rains 2 inches in their communities. The consultant will be charged with field visits
and observations that they will make in determining problem identification in each of the bay
beach communities. We will look at possible solutions, costs estimate for those solutions and we
will be prioritizing these problems and solutions in each of the communities. Our consultant will
be tasked with coming up a 30 percent design solution for about 10 of these projects. It is our
intent to replicate a process that we think worked fairly successfully in Bowers. As well as
develop a list of projects and move forward with the plans for implementation solutions to these
projects including cost estimates. So this will not just be a laundry list of things we could take
care if we had money. We will be involving our friends from DelDOT in the discussions many
of these will have to do with road drainage issues or water that flows in and through DelDOT
roads as well as many of the landowners. We think we can have our consultant actively working
in the next 45-60 days.

Comments can be submitted to:

Senator Gary Simpson — Gary.Simpson(@state.de.us
Tony P. Pratt — Tony.Pratt(@state.de.us

Frank Piorko — Frank.Piorko@state.de.us

No new meeting date was established at this time.
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Economic Analysis of the Delaware Bay Shoreline

Matrix of Resources of Interest, Potential Impacts, Information Requirements and Valuation Materials

Potential Scenarios: (1) Business as usual; (2) managed
nourishment; (3) strategic retreat; (4) unmanaged retreat

Notes: Data on baseline current and future conditions without actions and with each scenariofaction are required. This includes natural resource physical conditions, demographics (e.g. population changes), land use/development changes, etc

Note on Double Counting: Many effects could be placed in multiple categories. Care must be taken to measure effects in only one category to avoid double counting.

Resource and Other Changes Leading to Potential Impacts on (Theoretically-Valid) Economic Benefits

Resource and Activities Sub-Category I:

Uses, Effects, Attributes

Coastal Wetlands
Flora, Fauna, Diversity (includes wildlife & fish)

Habitats

Flood Mitigation (resulting from coastal wetlands)

Biogeochemical Processes

On-Site Recreation

Scenery / Aesthetics

Freshwater Resources

Fresh drinking and surface waters

Beaches

hiking, biking,

Non-Recreational Beach Uses

Scenery / Aesthetics

Additional Distinct Sub-Categories

Endangered Species

Invasive Species

Mosquito and Other Nuisance

Nursery Habitat

Ecological Condition

Nutrient Processing & Water Quality

Carbon sequestration

Production and Primary Export

Fishing (linked to beach changes)

Boating (linked to beach changes)

General Public Access

Relevant Physical Impacts Measured through Changes
in

Species i diversity indi WCAs

Species number, abundance and existence

Area dominated by invasive (Phragmites) vs. native species

Mosquito populations and breeding

Habitat area and quality by sub-type

Fish productivity metrics, WCAs

Indexes of Biotic Integrity (IBls), WCAs

Inundation (areas/times) and damages (flood probability,
duration, extent in affected areas); natural or built resources
affected. Projected risks and property damages; areas
affected.

See subcategories below
Effects on nutrients, sediments, etc., WCAs

Carbon sequestered in biomass

WCAs, ecological productivity indicators

Area and habitat quality indicators

Dominant flora & fauna, visual appearance

Note: Wetland condition assessments (WCAS) based on hydrogeomorphic Note: Many of these categories overlap. Care must be

Change in Economic Benefit Realized Type of Benefit or
Cost

through Changes in
(use, nonuse)

Use (recreation & consumption), species Use and Nonuse

number, abundance, existence

species number, abundance, existence Use and Nonuse

(nonuse)

Use (recreation & consumption), effects on Use and Nonuse
other wetland services and attributes, loss of
native species

Disease, Quality of Life (extent of mosquito Use
nuisance)

Use (direct and indirect), existence, ecosystem Use and Nonuse
services

Indirect use and existence: Increased
ecological "production” of valued resources
(fish, birds, shellfish, etc.)

Use and existence (direct and indirect)

Use and Nonuse

Use and Nonuse

Uses of affected areas and resources (includes Use and Nonuse
quality of life; direct household and business

benefits/costs). Inundated areas and

natural/built resources, expected duration and

likelihood of floods. Existence values for

affected cultural / historical resources.

Use and Nonuse
Use and Nonuse

See subcategories below
Indirect water quality and related uses,
ecosystem services, and existence benefits

Global climate change (value of sequestered  Use and Nonuse
carbon)

Indirect use and existence: Increased
“"production” of valued resources (fish, birds,
shellfish, etc.)

Use (quantity (e.g., visits, days) and quality) Use and Nonuse

Use and Nonuse

Use and existence: Local scenery, aesthetics Use and Nonuse
and character

assessments or rapid/landscape assessment methods estimate the relative taken during economic analysis to avoid double counting. or cost type in bold

potential of a wetland of a given class, within a given region, to perform a
suite of ecological functions

Areas, extent, supplies affected by salt water intrusion

Beach extent (size & width) and quality; days of beach
closures; water quality, availability and quality of hiking/biking
areas

Fishing quality
available fishing areas

catch, etc.) and ity of

Boating quality and extent/quality of available boating and
mooring areas

Quantity and quality of access sites

Beach extent (size & width) and quality; days of beach
closures; water quality

Change in visual and scenic condition of beach; beach size
and width

Use (consumptive, recreational), existence Use and Nonuse

Use (recreation), existence Use and Nonuse

Use (recreation), existence Use and Nonuse

Use (recreation), existence Use and Nonuse

Use and Nonuse

Use (recreation), existence

Use and Nonuse

Use (recreation), existence

Use (recreation and quality of life for residents), Use and Nonuse
existence

Primary expected benefit

Who is Affected

Residents Non-residents Business Government
Note: Most benefit measures will require estimates of the economic
jurisdiction, or number of affected individuals or

Potential Valuation
Methods

Physical Measures

(data needed to value)
For all measures, data required are
between baselines and

This requires, at a minimum, projections of future population changes indifferent scenarios

affected areas and demographics, as well as projections for future land
uselcover and development

X X
X X
X X
X X
X X
X X X
X X
X X X
X X X
X X X
X X X
X X X
X X X
X X
X X
X X
X X X
X X X
X X
X X ?
X X

Species population, Stated Preference,
diversity indi ion Demand,
and/or WCA data Benefit Transfer

Species number, abundance  Stated Preference,
and existence Benefit Transfer

Area dominated by invasive Stated Preference,
(Phragmites) vs. native species Recreation Demand,
Benefit Transfer

Data on mosquito populations ~ Stated Preference,
and breeding Benefit Transfer

Habitat area by sub-type; Stated Preference,

habitat quality indicators Benefit Transfer

Fish ivity metrics, ical P

WCAs Methods, Benefit
Transfer

Indexes of Biotic Integrity (IBls) Stated Preference,
and/ or WCA data Benefit Transfer

Inundation (areas/times) and  Market Methods, Stated

damages (flood probability, Preference, Defensive
duration, extent in affected Behavior & Damage
areas); natural and human Cost, Hedonic Property

resources affected (e.g.,
homes, services,
transportation, etc.); extent of
damage and loss of use

Value, Benefit Transfer

See subcategories
Water quality indicators

See subcategories
Stated Preference,
Recreation Demand,
Hedonic Property
Value,Benefit Transfer

Carbon sequestered in Stated Preference,

biomass Benefit Transfer

WCAS, ical p o oo

indicators, direct measure of ~ Methods, Benefit

production and export Transfer

Area and habitat quality Stated Preference,

indicators Recreation Demand,
Benefit Transfer

Data characterizing visual and Stated Preference,
aesthetic impacts Recreation Demand,

Metrics quantifying effects of  Stated Preference,
salt water intrusion on fresh Recreation Demand,
waters (areas affected, degree Benefit Transfer

of salinization, areas or water

sources rendered unusable,

etc.)

Beach size, anticipated Stated Preference,
closures, measurable beach  Recreation Demand,
attributes, availability, quality ~ Benefit Transfer
and size of hiking/biking areas

Beach size, anticipated Stated Preference,
closures, measurable beach  Recreation Demand,
attributes, changes in fish Benefit Transfer
areas, fishing quality or access

Beach size, anticipated Stated Preference,
closures, measurable beach  Recreation Demand,
attributes, boating access and Benefit Transfer
mooring areas, attributes of

boatable areas (water quality,

etc.)
Number and type of access Stated Preference,
points Benefit Transfer

Beach size, anticipated Stated Preference,

closures, measurable beach  Recreation Demand,

attributes Benefit Transfer

Beach size; data characterizing Stated Preference,

visual and aesthetic impacts ~ Hedonic Property Value,
Benefit Transfer

Likely Impact of Management
Scenarios on Resource Value
(high, med, low)

These reflect the scope and scale of changes due to

scenarios vs baseline.

high

high

low

high

med / low

low

high

low
low

low

low

high

med / low

high

low

low

high

med / low??

high

Environmental Economists

Notes

There is a substantial valuation literature addressing such
values. However, reliable ecological data (e.g., forecasts of
changes in species number or abundance in specific areas) are
often difficult to obtain.

There is a substantial valuation literature addressing such
values. Predicted effects on species can be difficult to obtain.
There are studies that value changes in wetland invasive
species that could be used as a source of benefit transfer. This
requires a forecast of changes in invasive species quantity and
distributions due to various scenarios.
There are only one or two studies that address such values.
These would likely be very difficult to estimate with any
reliability.
There is a substantial valuation literature addressing such
values. Data on habitat type effects can often be projected
using GIS and inundation maps.
There is a substantial valuation literature in this area. However,
projections of effects on nursery habitat services due to wetland
changes are often very difficult to obtain.
This would require relatively extensive ecological data. There
are few economic studies that address values related to
changes in ecological condition alone.
The value of changes in flood mitigation is related to effects on
other resources, not changes in wetland resources directly.
Predictions would have to isolate the marginal changes in flood
risk to other resources; these effects would then be valued.
Links can be difficult to establish. Includes effects on Flood
vulnerability and property protection (e.g., homes and
businesses); mitigation of flood damages to cultural/historical
resources and community character; effects on infrastructure,

ity services, public ibility, and related uses
(roads, bridges, utilities, schools, etc.). Includes effects on
legitimate economic benefits and costs realized through quality
of life impacts on residents, and benefits/costs to both local
residents/businesses. Related to direct flood vulnerability and
related impacts. Note that these are NOT replacement or repair
costs but ic values using i
appropriate methods.

See subcategories below
There is a substantial valuation literature in this area and
established benefit transfer tools. However, projections of
effects on water quality due to wetland changes are often very
difficult to obtain.

These values are likely minimal, and not worth addressing in the
present context.

These values are often very difficult to estimate due to the
extensive ecological data and modeling needs. Effects are likely
to be relatively minor in the present case.

There is a relatively substantial valuation literature addressing
such values. Models would be required that link marginal
changes in wetland istics to changes in i

use and values.

These values are often very context specific and difficult to
calculate without primary research.

This could be grouped under either beaches or coastal
wetlands, because it is the loss of these resources that
increases the risk of salt water intrusion.

This is probably one of the easier areas to value, presuming that
projections can be obtained for physical beach attributes and
inundation

The challenge for fishing values is linking available changes in
beach attributes to effects on fishing. Some models may be
available for use within benefit transfer, however.

Same challenges as fishing above.

This is probably one of the easier areas to value, presuming that
projections can be obtained for physical beach attributes and
inundation.

Valuation depends on the types of conditions and uses
considered.

These values are often very context specific and difficult to
calculate without primary research. However, there may be
some stated preference research that we could use for benefit
transfer.
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Economic Analysis of the Delaware Bay Shoreline
Matrix of Resources of Interest, Potential Impacts, Information Requirements and Valuation Materials

Potential Scenarios: (1) Business as usual; (2) managed
nourishment; (3) strategic retreat; (4) unmanaged retreat

Notes: Data on baseline current and future conditions without actions and with each scenariofaction are required. This includes natural resource physical conditions, demographics (e.g. population changes), land use/development changes, etc

Note on Double Counting: Many effects could be placed in multiple categories. Care must be taken to measure effects in only one category to avoid double counting.

Resource and Other Changes Leading to Potential Impacts on (Theoretically-Valid) Economic Benefits

Resource and Activities

Uses, Effects, Attributes

Flora, Fauna, Diversity

Habitats

Flood Mitigation (resulting from beaches)

Shoreline and Stabilization

Tidal

Offshore and Sand Deposition
Habitats affected by Sand Mit

Effects of Sand Redeposition

Recreational Boating

Scuba diving / snorkeling

Fisheries

Coastal / Inshore Fisheries

Intertidal Habitats

Terrestrial Habitats

Farmland

Forest/Woodland

Government Expenditures

Project Costs (government dollars spent)

Financial Values/Impacts NOT Estimated by Environmental Economists

Replacement, Repair and Engineering Costs

Flood - Damages/Avoided Damages

Bay/beach property flooding

Sub-Category I: Additional Distinct Sub-Categories

ing (for beach nourishment)

SAV, shellfish beds, other intertidal habitats

Relevant Physical Impacts Measured through Changes
in

Species i diversity il

Species number, abundance and existence

Species number, abundance and existence

Habitat area and quality by sub-type
Inundation (areas/times) and damages (flood probability,
duration, extent in affected areas); natural or built resources

affected. Projected risks and property damages; areas
affected.

Geophysical beach attributes

Effects on tide patterns

Damage to benthic habitats; areas affected; fisheries and
recreational uses

Extent of sand redeposition and areas affected

Boating quality and extent/quality of available boating and
mooring areas (other than beach related effects)

Quality and size of diving and snorkeling areas, access to
areas

Fish populations and access to fishing areas; effects on
fishing efficiency (CPUE) and cost

Change in nursery and other ecological production; areas and
quality of habitats (e.g., acres of SAV, shellfish beds)

Inundation or loss of farmland (especially protected land); loss
in productivity

Inundation or loss of forest or wooded land (especially
protected land); loss in productivity

These are the direct government costs of implementing various policies, generally obtained directly from

governent agencies or using standard esti (e.g., of hard

Change in Economic Benefit Realized Type of Benefit or
Cost

through Changes in
(use, nonuse)

Direct and indirect use (recreation, Use and Nonuse
consumption, quality of life for residents),
species number, abundance, existence
species number, abundance, existence Use and Nonuse
(nonuse)

species number, abundance, existence Use and Nonuse
(nonuse)

Direct and indirect use, existence, ecosystem se Use and Nonuse

Uses of affected areas and resources (includes Use and Nonuse
quality of life; direct household and business

benefits/costs). Inundated areas and

natural/built resources, expected duration and

likelihood of floods. Existence values for

affected cultural / historical resources.

Direct and indirect use, existence, ecosystem se Use and Nonuse

Effects on inundation/flooding of other Use and Nonuse

resources

Use (direct and indirect) - recreational and Use and Nonuse

fisheries

Indirect use of affected areas Use and Nonuse

Use (recreation), existence Use and Nonuse

Use (recreation), existence Use and Nonuse

Direct use (recreational and commercial) Use and nonuse

Direct and Indirect Use, primarily of resource Use and nonuse
flows from intertidal habitats (e.g., shellfish

harvest, fishery production from SAV, etc.).

Existence and bequest values possible.

use (farm production, recreation, agritourism) ~ Use and Nonuse
and existence benefits of farmland

use (forest recreation or production) and Use and Nonuse

existence benefits of forest

Change in net

Areas inundated, projected damage and/or costs

defenses, etc.)

Defensive, Replacement or Repair Costs. Note Expenditures
that these are not valid measures of economic

benefits or costs, at least when used in raw

form.

government revenue

Who is Affected

Residents Non-residents

Business Government

Note: Most benefit measures will require estimates of the economic

jurisdiction, or number of affected

individuals or

Physical Measures

(data needed to value)
For all measures, data required are
between baselines and

This requires, at a minimum, projections of future population changes indifferent scenarios

affected areas and demographics, as well as projections for future land

uselcover and development

X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X

X

X

Species population,
abundance, diversity indicators

Species number, abundance
and existence

Species number, abundance
and existence

Habitat area by sub-type;
habitat quality indicators
Inundation (areas/times) and
damages (flood probability,
duration, extent in affected
areas); natural and human
resources affected (e.g.,
homes, services,
transportation, etc.); extent of
damage and loss of use

Beach size and geophysical
characteristics

Tidal patterns

Indicators of benthic effects;
effects on fisheries and uses

Areas affected and extent of
redeposition

boating access and mooring
areas, attributes of boatable
areas (water quality, etc.)
quantity and quality of dive
areas (e.g., water quality,
visibility, flora/fauna)

Fish populations and access to
fishing areas; effects on fishing
efficiency (CPUE) and cost

Productivity of habitats,
harvests (where relevant),
habitat areas, ecological
productivity metrics

Farmland acres of various
types; effects on productivity

Forest acres; effects on
productivity and habitat

N/A

Areas and natural / built
resources affected

Areas and natural / built
resources affected

Potential Valuation
Methods

Stated Preference,
Benefit Transfer

Stated Preference,
Benefit Transfer

Stated Preference,
Benefit Transfer

Stated Preference,
Benefit Transfer

Market Methods, Stated
Preference, Defensive
Behavior & Damage
Cost, Hedonic Property
Value, Benefit Transfer

Stated Preference,
Defensive Behavior &
Damage Cost, Hedonic
Property Value, Benefit
Transfer

Stated Preference,
Defensive Behavior &
Damage Cost, Hedonic
Property Value, Benefit
Transfer

Stated Preference,
Market Methods, Benefit
Transfer

?

Stated Preference,
Recreation Demand,
Benefit Transfer
Stated Preference,
Recreation Demand,
Benefit Transfer

Market Methods,
Recreation Demand,
Benefit Transfer

Market Methods, Stated
Preference, Recreation
Demand, Benefit
Transfer

Stated Preference,
Market Methods, Benefit
Transfer

Stated Preference,
Market Methods, Benefit
Transfer

N/A

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Likely Impact of Management
Scenarios on Resource Value
(high, med, low)

These reflect the scope and scale of changes due to

scenarios vs baseline.

high

high

high

high

high

high

med / low??

unknown

low

low

low

med / low

med / low

med / low

med / low

high

high

Who Provides
Physical Data

Environmental Economists
Calculate Values?

Ye

No

No

No

Notes

There is a substantial valuation literature addressing such
values. However, reliable ecological data (e.g., forecasts of
changes in species number or abundance in specific areas) are
often difficult to obtain.

There is a substantial valuation literature addressing such
values. Predicted effects on species can be difficult to obtain.

There is a substantial valuation literature addressing such
values. Predicted effects on species can be difficult to obtain.
Data on habitat type effects can often be projected using GIS
and inundation maps.
The value of changes in flood mitigation is related to effects on
other resources, not changes in wetland resources directly.
Predictions would have to isolate the marginal changes in flood
risk to other resources; these effects would then be valued.
Links can be difficult to establish. Includes effects on Flood
vulnerability and property protection (e.g., homes and
businesses); mitigation of flood damages to cultural/historical
resources and community character; effects on infrastructure,

ity services, public il , and related uses
(roads, bridges, utilities, schools, etc.). Includes effects on
legitimate economic benefits and costs realized through quality
of life impacts on residents, and benefits/costs to both local
residents/businesses. Related to direct flood vulnerability and
related impacts. Note that these are NOT replacement or repair
costs but ic values using i
appropriate methods.

These values may be difficult to isolate from other values. The
value of changes in shoreline may be related to effects on other
resources. Predictions would have to isolate the marginal
changes in flood risk to other resources;

These values may be difficult to isolate from other values. The
value of changes in tidal patterns may be related to effects on
other resources. Predictions would have to isolate the marginal
changes in flood risk to other resources;

Ecological effects will likely be difficult to quantify

Effects difficult to quantify - implications on value low.

Extensive literature on boating could be used as a basis for
values. Physical impacts no boating areas and access are
required.

Unclear whether there would be substantial direct impacts on
resources used for diving and snorkeling.

Impacts on fisheries are likely to be modest.

Impacts on intertidal habitats are likely to be modest overall, but
may be locally significant.

Effects on these land types are likely to be minor. Values likely
to be dominated by nonuse values. There is a substantial
valuation literature from which to draw benefit transfer
estimates. Care must be taken to avoid double counting with
beach and wetland flood mitigation benefits.

Effects on these land types are likely to be minor. Values likely
to be dominated by nonuse values. There is a substantial
valuation literature from which to draw benefit transfer
estimates. Care must be taken to avoid double counting with
beach and wetland flood mitigation benefits.

Government expenditures are part of a relevant cost-benefit
analysis.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.



Potential Scenarios: (1) Business as usual; (2) managed
nourishment; (3) strategic retreat; (4) unmanaged retreat
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Economic Analysis of the Delaware Bay Shoreline
Matrix of Resources of Interest, Potential Impacts, Information Requirements and Valuation Materials

Notes: Data on baseline current and future conditions without actions and with each scenariofaction are required. This includes natural resource physical conditions, demographics (e.g. population changes), land use/development changes, etc
Note on Double Counting: Many effects could be placed in multiple categories. Care must be taken to measure effects in only one category to avoid double counting.

Resource and Other Changes Leading to Potential Impacts on (Theoretically-Valid) Economic Benefits

Resource and Activities Sub-Category I: Additional Distinct Sub-Categories Relevant Physical Impacts Measured through Changes Change in Economic Benefit Realized Type of Benefit or
Cost

in through Changes in
Uses, Effects, Attributes (use, nonuse)
Property costs from flooding
Residential, Commercial
Roads
Water supply/treatment
Access
Utilities
Hard Engineering and Defensive Structure Costs Required costs for i ing and (often C ion and maintail costs Cost
overlaps with government project costs)
Financial Revenues
Taxes Estimates of impacts on taxes, fees and sales are generally derived using standard economic impact models ~ Economic Impact -
(e.g., IMPLAN), i with esti of implicati for direct sales effects on various business sectors. Neither benefit nor
Raw physical data are similar or identical to those required to estimate economic benefits and costs above. cost
Fees Economic models and outputs differ, however.
Sales

Economic Impacts
Direct Effects Estimates of economic impacts are generally derived using standard economic impact models (e.g., IMPLAN), Economic Impact -
i with esti of implicati for direct sales effects on various business sectors. Raw physical data Neither benefit nor
are similar or identical to those required to estimate economic benefits and costs above. Economic models and cost

outputs differ, however.

Secondary Effects

Multiplier Effects

Employment

Who is Affected

Residents Non-residents
Note: Most benefit measures will require estimates of the economic
jurisdiction, or number of affected

Business

Physical Measures

Government (data needed to value)
For all measures, data required are

individuals or between baselines and

This requires, at a minimum, projections of future population changes indifferent scenarios
affected areas and demographics, as well as projections for future land

uselcover and development

X

X (uncommon)

x Areas and natural / built
resources affected

x Areas and natural / built
resources affected

x Areas and natural / built
resources affected

X Areas and natural / built
resources affected

X Areas and natural / built
resources affected

X Areas and natural / built
resources affected

X Types, locations and quantity
of defenses

x Depends on source of

Potential Valuation
Methods

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Defensive and Damage
Cost, Standard
Estimates (e.g., FEMA,
ACOE)

Standard Estimates
(.., FEMA, ACOE) or
project specific
estimates

Economic Impact

economic impact (could be any Analysis

of the above)
X Depends on source of

Economic Impact

economic impact (could be any Analysis

of the above)
Depends on source of

Economic Impact

economic impact (could be anv Analysis

Depends on source of

Economic Impact

economic impact (could be any Analysis

of the above)
Depends on source of

Economic Impact

economic impact (could be any Analysis

of the above)
Depends on source of

Economic Impact

economic impact (could be any Analysis

of the above)
Depends on source of

Economic Impact

economic impact (could be any Analysis

of the above)

Who Provides
Physical Data

Likely Impact of Management
Scenarios on Resource Value
(high, med, low)

These reflect the scope and scale of changes due to

scenarios vs baseline.

high

high

high

high

high

high

high

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Environmental Economists

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Calculate Values?

Notes

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used (through
complex models) to provide estimates of valid benefits and
costs.

If these costs are paid by the government as part of a project
cost, then they are a legitimate economic cost and should be
included in a cost benefit analysis.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.
Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.



***\Working Instrument for Internal Discussion Only***

Economic Analysis of the Delaware Bay Shorelin
Matrix of Resources to Evaluate -Information Requirements

Potential Scenarios: (1) managed nourishment; (2)
strategic retreat; (3) unmanaged retreat; (4) no action

Resource and Other Changes Leading to Potential Impacts on (Theoretically-Valid) Economic Benefits

Resource and Activities Sub-Category I:
Uses, Effects, Attributes

Beaches Recreation (swimming, hiking,

biking, picnicking)

Non-Recreational Beach Uses

Scenery / Aesthetics

Flora, Fauna, Diversity

Habitats

Flood Mitigation (resulting from
beaches)

Shoreline and Stabilization

Offshore and Sand
Deposition

Habitats affected by Sand Mining
(for beach nourishment)
Intertidal Habitats SAV, shellfish beds, other intertidal
habitats

Government Project Costs (government dollars
Expenditures spent)

Financial Values/Impacts NOT Estimated by Environmental Economists

Additional Distinct Sub-Categories

Fishing (linked to beach changes)

General Public Access

Endangered Species

Migratory Shorebirds

Relevant Physical Impacts Measured through
Chanaes in:

Beach extent (size & width) and quality; days of beach
closures; water quality, availability and quality of
hiking/biking areas

Fishing quality (expected catch, etc.) and extent/quality
of available fishing areas

Quantity and quality of access sites

Beach extent (size & width) and quality; days of beach
closures; water quality

Change in visual and scenic condition of beach; beach

size and width

Species population, abundance, diversity indicators

Species number, abundance and existence

Species number, abundance and existence

Habitat area and quality by sub-type

Inundation (areas/times) and damages (flood
probability, duration, extent in affected areas); natural or
built resources affected. Projected risks and property
damages; areas affected.

Geophysical beach attributes

Damage to benthic habitats; areas affected; fisheries
and recreational uses

Change in nursery and other ecological production;
areas and quality of habitats (e.g., acres of SAV,
shellfish beds)

These are the direct government costs of implementing
various policies, generally obtained directly from
governent agencies or using standard estimates (e.qg.,

Sep-11

Physical Measures Who Provides Physical Data

(data needed to value)

Beach size, anticipated
closures, measurable beach
attributes, availability, quality
and size of hiking/biking areas

Beach size, anticipated
closures, measurable beach
attributes, changes in fish
areas, fishing quality or access

Number and type of access
points

Beach size, anticipated
closures, measurable beach
attributes

Beach size; data
characterizing visual and
aesthetic impacts

Species population,
abundance, diversity indicators

Species number, abundance
and existence

Species number, abundance
and existence

Habitat area by sub-type;
habitat quality indicators
Inundation (areas/times) and
damages (flood probability,
duration, extent in affected
areas); natural and human
resources affected (e.g.,
homes, services,
transportation, etc.); extent of
damage and loss of use

Beach size and geophysical
characteristics

Indicators of benthic effects;
effects on fisheries and uses

Productivity of habitats,
harvests (where relevant),
habitat areas, ecological
productivity metrics

N/A

Notes

This is probably one of the easier areas to value, presuming
that projections can be obtained for physical beach attributes
and inundation.

The challenge for fishing values is linking available changes in
beach attributes to effects on fishing. Some models may be
available for use within benefit transfer, however.

This is probably one of the easier areas to value, presuming
that projections can be obtained for physical beach attributes
and inundation.

Valuation depends on the types of conditions and uses
considered.

These values are often very context specific and difficult to
calculate without primary research. However, there may be
some stated preference research that we could use for benefit
transfer.

There is a substantial valuation literature addressing such
values. However, reliable ecological data (e.g., forecasts of
changes in species number or abundance in specific areas) are
often difficult to obtain.

There is a substantial valuation literature addressing such
values. Predicted effects on species can be difficult to obtain.

There is a substantial valuation literature addressing such
values. Predicted effects on species can be difficult to obtain.
Data on habitat type effects can often be projected using GIS
and inundation maps.

The value of changes in flood mitigation is related to effects on
other resources, not changes in wetland resources directly.
Predictions would have to isolate the marginal changes in flood
risk to other resources; these effects would then be valued.
Links can be difficult to establish. Includes effects on Flood
vulnerability and property protection (e.g., homes and
businesses); mitigation of flood damages to cultural/historical
resources and community character; effects on infrastructure,
community services, public safety/accessibility, and related
uses (roads, bridges, utilities, schools, etc.). Includes effects
on legitimate economic benefits and costs realized through
quality of life impacts on residents, and benefits/costs to both
local residents/businesses. Related to direct flood vulnerability
and related impacts. Note that these are NOT replacement or
repair costs but economic values measured using theoretically
appropriate methods.

These values may be difficult to isolate from other values. The
value of changes in shoreline may be related to effects on other
resources. Predictions would have to isolate the marginal
changes in flood risk to other resources;

Ecological effects will likely be difficult to quantify

Impacts on intertidal habitats are likely to be modest overall, but
may be locally significant.

Government expenditures are part of a relevant cost-benefit
analysis.



***\Working Instrument for Internal Discussion Only***

Economic Analysis of the Delaware Bay Shorelin
Matrix of Resources to Evaluate -Information Requirements

Potential Scenarios: (1) managed nourishment; (2)
strategic retreat; (3) unmanaged retreat; (4) no action

Resource and Other Changes Leading to Potential Impacts on (Theoretically-Valid) Economic Benefits

Resource and Activities

Replacement, Repair
and Engineering Costs

Financial Revenues

Economic Impacts

Sub-Category I:

Uses, Effects, Attributes

Flood - Damages/Avoided Damages

Bay/beach property flooding

Property damages/avoided costs
from wetlands/inland flooding

Residential, Commercial

Roads

Access

Utilities

Hard Engineering and Defensive

Structure Costs

Taxes

Sales

Direct Effects

Secondary Effects

Multiplier Effects

Employment

Additional Distinct Sub-Categories

Relevant Physical Impacts Measured through
Chanaes in:

Areas inundated, projected damage and/or costs

Required costs for engineering and defensive structures
(often overlaps with government project costs)

Estimates of impacts on taxes, fees and sales are
generally derived using standard economic impact
models (e.g., IMPLAN), combined with estimates of
implications for direct sales effects on various business
sectors.  Raw nhvsical data are similar or identical to

Estimates of economic impacts are generally derived
using standard economic impact models (e.g.,
IMPLAN), combined with estimates of implications for
direct sales effects on various business sectors. Raw
physical data are similar or identical to those required to
estimate economic benefits and costs above.

Economic models and outputs differ, however.
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Physical Measures

(data needed to value)
Areas and natural / built
resources affected

Areas and natural / built
resources affected

Areas and natural / built
resources affected

Areas and natural / built
resources affected

Areas and natural / built
resources affected

Areas and natural / built
resources affected

Areas and natural / built
resources affected

Types, locations and quantity

of defenses

Depends on source of
economic impact (could be
anv of the above)
Depends on source of
economic impact (could be

Depends on source of
economic impact (could be
any of the above)
Depends on source of
economic impact (could be
any of the above)
Depends on source of
economic impact (could be
any of the above)
Depends on source of
economic impact (could be
any of the above)

Who Provides Physical Data

Notes

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used
(through complex models) to provide estimates of valid benefits
and costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used
(through complex models) to provide estimates of valid benefits
and costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used
(through complex models) to provide estimates of valid benefits
and costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used
(through complex models) to provide estimates of valid benefits
and costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used
(through complex models) to provide estimates of valid benefits
and costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used
(through complex models) to provide estimates of valid benefits
and costs.

Raw damages and expenditures are not generally valid
measures of economic cost, although in some limited cases
defensive expenditures and damage costs can be used
(through complex models) to provide estimates of valid benefits
and costs.

If these costs are paid by the government as part of a project
cost, then they are a legitimate economic cost and should be
included in a cost benefit analysis.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.
Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.

Economic impacts are not valid benefits or costs, and are
unrelated to social benefits.
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* Seven communities

— Pickering Beach

— Kitts Hummock

— Bowers Beach

— South Bowers

— Slaughter Beach

— Primehook Beach
— Broadkill Beach

* Four Management Options
— Beach Nourishment
— Enhanced Retreat
— Basic Retreat
— Do Nothing
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Beach Nourishment - Defined
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ELEVATIONS IN FEET (NAVD 88)
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Enhanced Retreat - Defined

PROPOSED FILL =

Initially remove structure to
allow a beach/dune width
equal to the recommended

beach nourishment
templates for each
community.

As additional
erosion/shoreline migration
occurs, additional
structures are removed to
maintain this beach width




Basic Retreat - Defined

Initially remove
structures to allow a
beach/dune width < &
equal to the current !
widths in each
community.

Where existing
structures occupy

the beach, initial
removal occurs

As additional
erosion/shoreline
migration occurs,
additional structures
are removed to

maintain this beach
width




Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach fill
or beach enhancement will occur, historic shoreline migration will cause increasing

damage to structures. Houses will be destroyed or removed. Flood insurance is available,
and generally covers damage and removal.
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Do Nothing - Defined

This alternative involves no action on the part of state shoreline managers. No beach fill
or beach enhancement will occur, historic shoreline migration will cause increasing

damage to structures. Houses will be destroyed or removed. Flood insurance is available,
and generally covers damage and removal.
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1. Introduction
As part of the Economic Analysis of Delaware Bay Shore Management Alternatives being performed for the
Delaware Department of Natural Resources and Environmental Control (DNREC), in support of Johnson,
Mirmiran, and Thompson (JMT), Michael Baker Jr., Inc. (Baker), with assistance from HydroPlan, LLC (HydroPlan),
conducted several analyses to investigate the impact of four Management Alternatives included in the study.
Those Alternatives are:
1) Alternative 1 — Construct and maintain shore protection as described in the Management Plan for the
Delaware Bay Beaches;
2) Alternative 2 — Enhanced strategic retreat designed to clear and conserve beach widths comparable to
10-year beach nourishment design outlined in the Management Plan for the Delaware Bay Beaches;
3) Alternative 3 — Strategic retreat designed to clear and conserve beach widths consistent with current
conditions; and
4) Alternative 4 — No action. No significant management action is involved, although debris clean-up after
housing is lost due to receding shorelines may be needed.

Further details on the conceptual design and implementation of these Management Alternatives are provided in
a memorandum titled, Delaware Bay Economic Analysis - Selected Management Alternatives (DNREC, 2011).
Alternative 4 serves as baseline case from which each of the other Alternatives are compared in order to
guantify benefits which are ultimately used in conjunction with cost information to derive net benefits.

The seven communities included in the study are: Bowers Beach, South Bowers Beach, Broadkill Beach, Kitts
Hummock, Pickering Beach, Prime Hook, and Slaughter Beach. These communities are located along an
approximately 25-mile reach of the western shore of the Delaware Bay in Sussex and Kent Counties, Delaware.

The following components of the overall Economic Analysis are described within this Report:
1) Flood & Erosion Hazard Modeling
2) Structure & Property Valuations
3) Assessment of Damages due to Flood Hazards
4) Assessment of Housing Services Impacts due to Shoreline Change Hazards
5) Tax Revenue Impact Assessment
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2. Flood & Erosion Hazard Modeling

2.1 Projected Shorelines and Erosion Hazard Areas

Present day (i.e., 2011) shorelines were delineated for each of the seven study communities using 2011 aerial
imagery from the National Agriculture Imagery Program (NAIP) (see Section 9). These shorelines identify the
location of intersection between land and approximate mean high water. The aerial imagery is provided by the
U.S. Department of Agriculture, Service Center Agencies and has a 1m x 1m resolution. It was collected on June
2, 2011 between 16:17 and 17:18 (local time). Figure 2.1 shows observed water levels during this time period
at Reedy Point, DE and Lewes, DE tide gages. All seven study communities are located between these two
gages; imagery was collected at approximately low tide.

Figure 2.1: Observed water levels at Lewes, DE and Reedy Point, DE tide gages during aerial imagery data
collection.

Tide Gage Record for Lewes, DE & Reedy Point, DE P
Observed Water Level Record for June 2, 2011

s Rivecly Point

Aerial Imagery
Collection -
i(ls:l?to 17:18) I 7/ ~

L
>

16:48 0:00

Elevation (ft. NAVD8S8)
-

Time (Local)

Delineations were created using the following horizontal indicators:
1) the high-tide wrack line, created when high tide deposits debris on the upper beach;
2) the local wet/dry line on the beach, indicated by the tonal change between wet and dry beach material;
3) the interface between coastal structures (seawall, bulkheads, etc...) and open water; or
4) if present, eroded escarpments

Due to uncertainty in the stability of the wet/dry line and the potential for horizontal movement during a tidal
cycle, the high-tide wrack line served as the primary indicator of shoreline position. It is important that these
shorelines are not directly compared to historical shoreline delineations for purposes of calculating or updating
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shoreline change rates. These delineations were developed specifically for use in identifying future hazard areas

and establishing thresholds by which structures are removed under Alternatives 2, 3, and 4. They were not

created for purposes of updating shoreline change rates and may have been developed using different

indicators than those used in previous delineations.

Using the refined 2011 shoreline delineations, projected shorelines were established for the years 2021, 2031,

and 2041 based on historical shoreline change rates reported from three different sources. Table 2.1

summarizes those rates and their corresponding source. The projections assume a constant rate of change

throughout the thirty year study period. The resulting delineation projections were used as the baseline for

wave modeling efforts and identification of structure removals.

Table 2.1: Summary of shoreline change rates used in the study for each Delaware Bay Shore community.

Shoreline Change Rate (ft./yr)

Location Negative = erosion Source
Positive = accretion
Pickering Beach -4.9 USACE, 1991
- Kitts Hummock -4.3 French, 1990
5
Bowers Beach -2.0 USACE, 1991
South Bowers 0.0 (from Murderkill River ln/e?t to' approx. 700 ft. south-of.ln/et) DNREC, 2012
-3.0 (approx. 700 south of Murderkill River Inlet to southern limit of comm.)
Slaughter Beach -2.0 USACE, 1991
x
e . -1.9 (Carey Street northward)
N
§ Prime Hook 0.0 (Carey Street southward) DNREC, 2012
Broadkill Beach -3.0 USACE, 1991

The study team, in coordination with staff at DNREC, agreed that recent shoreline data and associated change
rates developed by DNREC were more reliable than rates provided in USACE (1991) or French (1990) for South
Bowers and Prime Hook. Historical information indicates heterogeneous geomorphologic patterns across these

two communities which are not reflected in previously published “community-wide” rates. In addition, the

recent DNREC rates provide approximately twenty additional years of data observation. Therefore, two

shoreline change rates are applied in these communities as described in Table 2.1. A single community-wide

shoreline change rate is applied across each of the remaining communities. Figure 2.2 provides an example

illustration of shoreline change projections from Pickering Beach, DE.

Baker, 2013
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Figure 2.2: lllustration of 2021, 2031, and 2041 projected shorelines and erosion hazard areas. Example
from Pickering Beach, DE based on historical shoreline change rate of -4.9 ft. per year (see Table 2.1).
These projections are applicable only under an assumption of zero human intervention and are applied
in evaluation of Alternatives 2, 3, & 4.
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2.2 Flood Hazard Modeling

Detailed flood hazard modeling was performed to determine the flood elevation and wave hazard exposure for
1643 structures included in the study. Stillwater elevations, the water surface elevation resulting from a given
storm event excluding wave heights, were extracted from the Draft 2011 Storm Surge Study results for 10%-,
2%-, 1%-, 0.2%-annual-chance flood events and assigned to each structure in order to establish stillwater flood
depths (USACE, 2012; also, see Section 9). Table 2.2 provides a summary of starting stillwater elevations for
each study community. For reference, stillwater elevations from Kent and Sussex County Effective Flood
Insurance Study (FIS) Reports are included (FEMA, 2003 and FEMA, 2005, respectively). Effective stillwater
elevations were not applied in the analysis, but are included for comparison with the Draft 2011 Storm Surge
Study results.

Table 2.2: Summary of starting coastal stillwater elevations along the Delaware Bay shoreline of Kent and
Sussex Counties from Effective County FIS Reports and Draft 2011 Storm Surge Study data. Draft Storm Surge
Study stillwater elevations were extracted at the 2011 high water line established using aerial imagery. Note
that small variations in stillwater elevation were identified across each community shoreline reach; observed
ranges are noted.

Community Annual Frequency Stillwater Elevation (ft. NAVD88)
(Source) 10% 2% 1% 0.2%

(FEMA Effeﬁinfgggﬁm, 2003) 2 7.8 8.6 105
(Draft stiifnkqegfrggf ::Sgy 2011) =0 8.4 9.1 11.5

[ 5

E (Draft Stglrtmtsgﬁge”;izl;y, 2011) = 8.5 9.3 11.5-116
(Draft Stc;Brlr)nW;SrgBeegtcuhdy, 2011) Jod= 18 8.7-8.8 9.5-9.6 11.5-11.7
(Draft Stosr(rJ\:JtShu‘rggeWSir:dy, 2011) U] 8.8 9.6 115
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Coastal damage assessments require information regarding the severity of wave hazards since the forces
associated with breaking waves cause greater damage than the hydrostatic forces associated with storm surge
inundation alone. Damage studies have shown that damages are significantly higher in areas with wave heights
greater than or equal to 1.5 ft. compared to areas with no waves or wave heights less than 1.5 ft. Wave hazard
modeling was conducted to determine the size of waves expected to be associated with 10%-, 2%-, 1%-, and
0.2%-annual-chance flood events.
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For each event frequency, 1-dimensional wave modeling was performed across all seven study communities in
order to identify whether each structure is exposed to wave hazards of <1.5 ft. or 2 1.5 ft. The 1-D transect
approach is the traditional FEMA methodology for shallow-water wave height computations. It involves the
placement of shore-perpendicular transects along representative reaches of shoreline. Along each transect,
wave heights are determined based on variations in bottom friction, vegetation characteristics, building density,
topography/bathymetry, etc. The FEMA Wave Height Analysis for Flood Insurance Studies 4.0 (WHAFIS) model
was used to conduct wave hazard modeling (FEMA, 2007). WHAFIS is a transect-based model used to evaluate
overland wave propagation. Twenty-seven representative transects were modeled across all seven
communities to compute wave heights.

Results were interpolated between transects to assign wave height classifications of <1.5 ft. or 2 1.5 ft. to each
structure for each frequency event. While a given structure may not be subject to > 1.5 ft. waves for a 2%-
annual-chance event, it may be exposed to 2 1.5 ft. waves for 1%- and 0.2%-annual-chance events due to higher,
less frequent stillwater elevations. As described in Section 4.1, these classifications are necessary for selection
of appropriate depth-damage functions in the flood damage assessment.

The WHAFIS model accounts for the reduction in wave heights due to obstructions such as buildings or
vegetation and allows for wave regeneration in open areas. 2011 NAIP aerial imagery was used to inform the
selection of land use classifications for the modeling effort. Ground elevation data for the transect profiles was
obtained from Delaware Coastal Program LiDAR, collected from March 31 to April 7, 2007 in Kent County and
from March 1 to 31, 2005 in Sussex County. See Section 9 for more information on this data.

The height of the dune is an important variable in the wave hazard analysis. Ground elevations on the beach
and dune were modified to account for event-based erosion expected to occur during a 2%-, 1%-, and 0.2%-
annual-chance flood event. For all three of these exceedance probabilities, the dune was identified as being
insufficient in size to provide flood protection and it was removed from the profile by constructing a 1:50 slope
(e.g., 1 ft. increase in elevation over a horizontal distance of 50 ft.) beginning at the dune toe. The eroded
profile was the same for the 2%-, 1%-, and 0.2%-annual-chance flood events. Profiles were not modified for the
10%-annual chance flood event because it was assumed that the erosion that would occur for this less severe
event would be relatively minor; erosion may result in scarping of the dune face, but would not affect the dune
crest elevation. Note that some transects had no identifiable dune feature; no profile modification was made in
these cases.

The eroded dune crest elevation was the primary controlling factor in determining the size of the waves that
impacted buildings landward of the dune crest. While all eroded dunes were inundated by the 2%-, 1%-, and
0.2%-annual-chance floods, larger dunes with higher remnant crest elevations only allowed smaller waves to
pass. The larger waves broke on the eroded dune face. Profiles with ground elevations more than 2 ft. lower
than the stillwater elevation allowed waves greater than 1.5 feet in height to propagate inland.

Although event-based erosion was not conducted for the 10%-annual-chance flood and the dune elevations are
greater than the 10%-annual-chance stillwater elevation for many communities, the area behind the dune was
assumed to be subject to inundation due to the presence confluence pathways, discontinuity of dune features,
and historically observed flood hazards originating from landward marsh areas.

In some cases structures were undermined by the eroded profile associated with 2%-, 1%-, and 0.2%-annual-
chance flood events. In other words, a structure built within the dune field may have underlying ground

Baker, 2013 Page 8 of 74



elevations removed in wave modeling in order to capture the effects of event-based erosion. The number of
structures potentially exposed to undermining for a given storm event, and damage which may occur to
undermined structures, was not directly quantified in this study. It is very likely that structures which are
damaged by undermining are also damaged by high velocity-coastal flooding. Therefore, it is assumed that
undermining damages are reflected to a large extent in flood damages already captured in this study.
Nonetheless, the study team recognizes that undermined structures could introduce additional damages;
particularly for Alternative 1 where such structures would not be acquired (as they would be in Alternatives 2
and 3), or otherwise captured as longer-term erosion losses under Alternative 4.

Multiple sets of model runs were performed to capture changes over time in shoreline location, flood elevations
as a result of sea level rise, and/or given management conditions (e.g., pre- vs. post-nourishment). Modeling
results performed for 2011 (prior to Management Alternative implementation) had utility in modeling all four
Management Alternatives. In addition, various model runs were performed to capture conditions unique to the
conceptual design of each Management Alternative. A summary of the modeling approach used for each
Alternative is provided below:

Alternative 1:

Wave hazard modeling conducted for Alternative 1 applied the 10-yr beach nourishment project design as
described in the Management Plan for the Delaware Bay Beaches: Final Report into transect profiles (PBS&J,
2010). The profiles were modified to reflect post-nourishment equilibrated conditions. Equilibrated project
conditions were extracted from Table 6.9, Design berm components for each community template (PBS&J,
2010). The dune and berm were spliced onto the existing conditions profile with the dune heel beginning at the
existing dune crest or, if the crest was greater than 9.8 ft. (NAVD88) — dune height prescribed in Table 6.9 —the
constructed dune is built out from the point where the existing grade is 9.8 ft. The lateral extent of the
nourishment project was taken from the 10-yr plan-view design schematic for each community (PBS&J, 2010).

The Alternative 1 design includes advanced beach fill to provide ten years of protection against long-term
erosion as well as protection against one 10-yr storm event. It is assumed that the volume of sand in the dune
and berm will erode over time and that the design beach template will need to be rebuilt every ten years. Over
the course of the 10-year cycle, the protection afforded by the berm and dune will decrease as the berm
narrows. To account for the changing level of protection, wave hazards were determined for each year of the
ten-year cycle. It was assumed that the dune and berm eroded 1/10 of their width on an annual basis so that
after ten years the profile approximated 2011 conditions. Figure 2.3 shows an example of the change in
modeled profile geometry over time with Year 0 depicting the fully built out post-nourishment equilibrated
condition and existing (i.e., present day) conditions reflected by the 2011 line. The design profile establishes an
approximately 8 ft. berm height with an approximately 10 ft. dune height (PBS&J, 2010). Between Year 0 and
Year 10, the decrease in width of the dune and berm is observed as a result shoreline erosion.
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Figure 2.3: Profiles show the change in topography over a 10-yr cycle as a result of coastal erosion for Alternative
1 wave hazard modeling. “Year 0” profile is based on design from PBS&J, 2010.
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The nourishment project provides protection to structures from erosion and the wave impacts. Wave hazards
are decreased in the presence of the nourishment project because the additional berm and dune fill reduces the
severity of the event-based erosion modeled for the 2%-, 1%-, and 0.2%-annual-chance flood events. The
eroded profile dune crest is higher than unnourished beach conditions which causes wave breaking and
prevents larger waves from propagating inland. It is assumed that structures behind the dune would still be at
risk for flood inundation during the 10%-annual-chance flood, but no structures are at risk from 2 1.5 ft. wave
heights for the fully built out (Year 0) beach nourishment profile.

While the nourishment project is only designed to provide protection from the 10%-annual-chance-flood,
benefits of the project were also observed for some reaches of coast for the 2%- and 1%- annual chance flood
events. That protection is evident in the wave hazard classifications changing from wave heights > 1.5 ft. to <1.5
ft. throughout the 10-yr nourishment cycle. The nourishment project did not provide any additional protection
from waves for the 0.2%-annual-chance flood.

Alternatives 2, 3, & 4:

Supplementary wave hazard modeling was not necessary for Alternatives 2 — 4. As previously noted, a set of
wave modeling results was developed for 2011. This set of results was applied for all three Alternatives, with an
assumption that topographic profile signatures shift inland, but remain typically unchanged under natural
shoreline recession. Modeling results are adjusted inland based on corresponding shoreline change rates.
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All three of these Alternatives involve removal — either through buyout under Alternatives 2 & 3 or damage
under Alternative 4 — of bay front buildings within predetermined zones. The identification of removed
structures was performed by JMT. While the presence of buildings is accounted for as an obstruction to wave
propagation in the wave hazard modeling, it was found that none of the buildings identified for removal
contributed to reducing wave heights from > 1.5 ft. to <1.5 ft. for remaining inland structures.
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3. Structure and Property Valuations

3.1 Overview

Two sets of structure/property valuations have been developed for this study: 1) Replacement Cost Less
Depreciation (RCLD), and 2) Estimated Market Value. Damage-frequency relationships estimate damage to
structure and contents for a range of flooding events as a percent of replacement cost in kind (i.e., RCLD). These
values serve as a key input to the damage assessment. Estimated Market Values were developed for use in
evaluating lost housing services as a result of property removals for Alternatives 2, 3, and 4. This is the
estimated total market value of the parcel, the sum of the structure value and the land/location value. In
distinguishing the two valuations, the RCLD is used to quantify partial loss of structure and contents during a
given flood event whereas Estimated Market Value is used to quantify total loss of property (structure and land)
due to receding shorelines.

The methods used to construct these values are outlined in Sections 3.2 and 3.3, respectively. For both
valuations, the structure inventory database served as the primary information source. An extensive structure
inventory database has been developed which includes tax appraisal information, land and structure
characteristics, and other attributes for each of the 1,643 structures included in the study. All structure and land
information contained within the inventory database comes from local tax assessor offices.

It is common practice to rely on local government property appraisal records in these types of valuations, since
such appraisals apply a consistent method to estimate values. Appraisal of the land portion of total parcel value
is usually based on market transactions of similar properties. Another approach, rather than using existing
assessment records, would have been to undertake a separate effort to estimate the RCLD of each of the 1,643
properties in the database, and to separately re-appraise land values. That approach was not used in this study,
mainly due to the fact that that it was cost-prohibitive to conduct re-appraisals. Existing tax appraisal records
were instead used as the basis for property values. In addition to local government assessed valuation data
from Kent and Sussex Counties, Delaware, some recent sales information was also used to approximate market
values.

3.2 Structure Valuations

For purposes of coastal storm damage calculations, the relevant structure value is termed Replacement Cost
Less Depreciation. Depreciation refers to the fact that a house that was built some time ago, and is assumed to
be kept up with needed repairs, upgrades, maintenance, etc., is still not “new,” and therefore some deduction
(i.e., depreciation) from a new construction cost or value is necessary to reflect wear and tear.

In this evaluation, the properties as initially described with regard to structure type, location, size, assessed
value, etc., are assumed to be in place for each year throughout the study period (except for parcels lost to
erosion or removed via acquisition). No attempt has been made to forecast real changes over time in expected
future growth, elimination of structures or addition of new structures, etc., external to the effects of the
proposed Management Alternatives. This approach reflects the reality that while some changes will likely occur,
depreciation for some properties in the study area will likely be offset by upgrades and new construction on
other parcel sites. We expect that over time, such effects tend to balance out, and this assumption has been
adopted in this study. ldeally, all such changes over time would be identified for each parcel, community, and
year. This would be a significant undertaking, beyond the scope of this study, and would introduce considerable
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uncertainty. The approach and simplifying assumptions that have been used in this study provide an internally
consistent set of valuations which meet the needs of the analysis in which they are applied.

RCLD values used in structure and contents damage calculations were derived from county tax assessor records.
These records contain appraised structure values and land values for each parcel. Kent and Sussex Counties
apply tax rates (expressed as dollars per $100 of assessed value) to assessed values to yield required local
government revenue to fund schools, libraries, and other local government goods and services. For Kent County
properties, assessed values represent 60% of the estimated 1987 (the last time market appraisals were
completed in Kent County) market values. For Sussex County properties, assessed values represent 50% of the
estimated 1974 (the last time market appraisals were completed in Sussex County) market values.

Conversion of these assessed values to estimated 2011 market values was performed using a two-step process.
First, the assessed values were converted to market values by dividing the assessed values by the assessed-to-
market ratios (e.g., since assessed value = 0.6 x 1987 market value in Kent County, 1987 market value = assessed
value/0.6). The old market value estimates were then factored up to 2011 prices using the Consumer Price
Index. Three different price indices were considered for use in this price level conversion: the U.S. Consumer
Price Index (CPl), the Engineering News Record Construction Cost Index (ENRCCI), and the Freddie Mac House
Price Index (FMHPI). The derivation of factors for each of these approaches is provided in Table 3.1. Other
indices considered, but not used are the Case-Shiller Housing Price Index, R.S. Means (proprietary, not
available), and Marshall & Swift.

Table 3.1: Price Level Conversation Factors

Update Factor”
Index 1974 1987 2011
1974 to 2011 1987 to 2011

(o 493 113.6 224.939 4.56 1.98

ENRCCI 2 2020 4406 9171.73 4.54 2.08

3 Delaware 29.07 66.39 120.52 4.79 2.10
FMHPI

uU.S. 24.96 61.05 139.19 4.83 1.97

! Consumer Price Index, U.S. City Average, All Items, All Urban Consumers (CPI-U), 1982-84 = 100

2 Engineering News Record Construction Cost Index (1913 base), Engineering News Review, Construction Cost Index
History

* Freddie Mac House Price Index, States and U.S. Indices, Dec 2011 Release (earliest index is for Jan 1975, used as a
proxy for a 1974 value)

* Factor = (2011 Index)/(1974 or 1987 Index, respectively)

The CPI was used for the price level conversion (U.S. Bureau of Labor Statistics, 2012). This resulted in a 1.98
price level update factor for Kent County (1987 to 2011) and a 4.56 price level update factor for Sussex County
(1974 to 2011). These update factors were compared to factors using the Engineering News Record
Construction Cost Index (ENR CCl), and the Freddie Mac House Price Index (FMHPI, for both Delaware and for
the US). The comparisons revealed little difference (see Table 3.1).

In summary, each structure’s assessed value was converted to a 2011 Replacement Cost Less Depreciation. In
Kent County, assessed value was first divided by 0.6 (the assessed-to-market value ratio), and then multiplied by
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the appropriate price level update factor. For the Sussex County properties, the assessed values were divided by
the assessed-to-market ratio of 0.5 and similarly converted to reflect 2011 price levels.

Note that there was no assessed value available for about 100 of the 1,643 properties included in the database
(approximately 6%). These parcels are most likely not subject to tax levies or are zero for other reasons. These
anomalies were adjusted using dollar per sq. foot data by building type, ratios of structure values to total
property values, and other data available for remaining properties in the database.

3.3 Market Valuations

The structure inventory database includes sale price information for structures sold within the last five years.
Last sale information was available for 151 properties, approximately 9% of the total number of properties.
These sale values are larger than the estimated RCLD values described in Section 3.2. The main reason for this
difference is that the land values of the parcels have undergone escalation above construction cost price level
changes over time.

For each of the 151 recent market sale prices, RCLD values were subtracted from the total sales price to
approximate the land portion of the total sale value. For each property, the ratio of land value to total value
was then calculated. The average land value / total value ratio for these 151 parcels is 36.3%.

This ratio was cross-checked for reasonableness by consulting a dataset developed by the Lincoln Land Institute
(Davis & Palumbo, 2007). The Lincoln Land Institute dataset, developed in partnership with the Wisconsin
School of Business, includes quarterly data spanning the period 1984-2011 for housing and land values and
other information for each of the forty-six large metropolitan areas in the United States. The ratio varies over
time and between metropolitan statistical areas in this dataset. Table 3.2 shows this ratio for the whole Lincoln
Land Institute dataset, and for the two major urban areas nearest to the Delaware Bay communities (i.e.,
Baltimore and Philadelphia). Casual inspection of these numbers reveals that the study values fall within a
reasonable range, in terms of the land vs. structure share of total parcel value.

Table 3.2: Percent contribution of land value total parcel value.

Delaware Shoreline Study 36.3%
46 Metropolitan Statistical Areas * 39.7%
Baltimore * 54.4%
Philadelphia ! 37.1%
Baltimore & Philadelphia Combined * 45.7%

! Davis & Palumbo, 2007; average for the period 1984-2011 covered in
the dataset.

In addition to the previously described two-step process for arriving at 2011 price level values, a third step was
implemented to account for the land value escalation discussed above, evidenced by recent sales. For each of
the 151 recent sale properties, the sales price was compared to the updated parcel value using the price level

Baker, 2013 Page 14 of 74



update process. In this comparison, (sales price)/(updated market value of total parcel, 2011 price level) was
calculated for each property with an available sale price. The average ratio is 2.294 for Kent County sales (52
parcels), and 3.273 for Sussex County sales (99 parcels). These ratios were used to further adjust the values of
parcels in the database that lacked a recent sale price in order to arrive at an estimated 2011 total parcel value,
reflecting updated land values as well as depreciated replacement cost values of structures. The recent sale
prices were used for the 151 properties for which there have been a recent sale (i.e., no adjustment was made
for these parcels). These estimated market values were used to estimate housing services lost due to coastal
erosion for Alternative 4 as well as development of housing acquisition cost estimates for Alternatives 2 and 3.
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4. Assessment of Flood Damages

4.1 Methodology

A flood damage assessment was performed using structure inventory information, RCLD values, wave hazard
modeling results, and flood elevations extracted from FEMA’s Draft 2011 Storm Surge Study for 10%-, 2%-, 1%-,
0.2%-annual-chance events (USACE, 2012). These stillwater elevations were specifically used to (a) establish
stillwater flood depths, and (b) identify properties subject to wave effects so that proper Depth-Damage
Functions (DDFs) could be selected. Figure 4.1 shows an example flood elevation frequency curve for a given
location.

Figure 4.1: Stillwater flood elevation frequency curve example.
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For each of the 1,643 structures included in this study, flood depths were calculated for each frequency event as
the difference between the flood elevation and the structure’s first floor elevation (FFE). FFE data was collected
for each structure in previous phases of the study using mobile LiDAR technology. Flood elevations are adjusted
for future years (i.e., 2021, 2031, and 2041) based on historical (i.e., Stable) sea level changes referenced in
Section 9. As a result of wave modeling efforts described in Section 2.2, each structure is designated as being
within an area subject to <1.5 ft. or > 1.5 ft. wave heights for 10%-, 2%-, 1%-, 0.2%-annual-chance events.

Using calculated flood depths and appropriate depth-damage frequency functions (DDF), damage percentages
were identified for both building and contents. The latest available coastal DDFs developed by the Federal
Emergency Management Agency (FEMA) Benefit-Cost Analysis Re-engineering (BCAR) panel were applied
(FEMA, 2011). These include ten DDFs for buildings subject to = 1.5 ft. wave heights, six USACE riverine DDFs for
buildings subject to <1.5 ft., and adjusted FEMA FIA DDF for non-Coastal A Zone mobile homes. While these are
not yet available in the current FEMA BCA Flood Module, Baker developed an approach to use them outside of
the Module. Figure 4.2 shows an example DDF table.
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(FEMA, 2011).

Figure 4.2: Example of DDF for slab-on-grade residential structures in areas subject to 2 1.5 ft. wave heights
FLOOD DEPTH AND WAVE HEIGHT ASSUMPTIONS:
Reference elevation = f't above ground surface elevation.
Reference elevation is at the top of slab.
Bottom of lowest horizontal member is 0.5 feet below top of slab.
Stillwater Stillwater Height
Flood Flood Wave | Depth with above Loss of
Depth Depth Height Wave reference Building Contents |Displacement| Function
(ft) (ft) (ft) Height elevation DDF (%) DDF (%) DDF (days) ]| DDF (days)
-2 -2.0 0.0 -20 -2.0 0.0% 0.0% 0 0
-1 -1.0 0.0 -1.0 -1.0 0.0% 0.0% 0 0
0 0.0 0.0 0.0 0.0 12.0% 10.0% 0 30
1 1.0 0.8 16 1.6 25.0% 30.0% 120 120
2 2.0 1.6 3.1 3.1 50.0% 45.0% 360 360
3 3.0 23 47 4.7 75.0% 75.0% 540 540
4 4.0 3.1 6.2 6.2 100.0% 100.0% 720 720
5 5.0 3.9 7.8 7.8 100.0% 100.0% 720 720
6 6.0 47 9.3 9.3 100.0% 100.0% 720 720
7 7.0 55 109 10.9 100.0% 100.0% 720 720
8 8.0 6.2 124 124 100.0% 100.0% 720 720
9 9.0 7.0 14.0 14.0 100.0% 100.0% 720 720
10 10.0 7.8 15.5 15.5 100.0% 100.0% 720 720
11 11.0 8.6 17.1 17.1 100.0% 100.0% 720 720
12 12.0 94 186 18.6 100.0% 100.0% 720 720
13 13.0 10.1 202 20.2 100.0% 100.0% 720 720
14 14.0 109 217 21.7 100.0% 100.0% 720 720
15 15.0 11.7 233 23.3 100.0% 100.0% 720 720
16 16.0 12.5 24.8 24.8 100.0% 100.0% 720 720

Please note the following regarding the use of FEMA DDFs:

1)

2)

3)

Depending on the exact flood depth, FEMA'’s depth-damage curves call for applying an additional 5%
damage to piled structures where utilities are not elevated. It is difficult to assess the elevation of
utilities on a structure-by-structure basis throughout all seven communities. However, based on field
visit observation, review of photos collected by mobile LiDAR, and Google imagery, the assumption is
made that if a building is elevated (i.e., on piles), then the utilities serving it are also elevated. Thus, the
additional 5% damage is not applied. DNREC concurred with this assumption on February 15, 2012.

Depth-damage frequencies give consideration to whether or not enclosures (i.e., obstructions) are
present under elevated structures. Depending on how high the structure is elevated, an additional 1-3%
damage is added to the depth-damage function if enclosures are present. Given the number of
structures included in the study, it is difficult to make this assessment on a case-by-case basis. However,
it has been observed that most elevated structures have some form of underlying enclosure (either
partial or across the full building footprint). Therefore, the additional 1-3% damage is accounted for in
damage calculations for all elevated structures. DNREC concurred with this assumption on February 15,
2012.

Damages frequencies for structures identified as “piled” (Foundation Type = 1), but with reference
elevations < 1ft. (FFE — LSEL < 1), were determined using the “SLAB” depth-damage frequency curve.

Baker, 2013 Page 17 of 74



Due to the nature of this study and the presence of multiple combinations of damage types, storm event
frequencies, Management Alternatives, project conditions, planning periods, etc., significant generation and
compilation of flood damage frequencies was required. Figure 4.3 illustrates how these combinations resulted
in the evaluation of more than 210,000 damage frequencies.

Figure 4.3: lllustration of flood damage frequency compilation.
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For each set of damage frequencies, total building and content damages were calculated using RCLD values.
Building Content values were set as 50% of the RCLD values; this is consistent with the current FEMA Standard
Value used in benefit-cost analyses. With a set of damage estimates available for 10%-, 2%-, 1%-, 0.2%-annual-
chance events, extrapolations were needed at the upper and lower tails of damage frequency curves in order to
fully integrate total Expected Annual Flood Damages (EAD). EADs are calculated by first multiplying each of the
possible damage outcomes by the likelihood that those outcomes will occur, and then summing all of those
product values.

The assumptions associated with extrapolations applied are explained in Figure 4.4. The four red data points are
produced directly from modeling data. The two blue points represent extrapolation. The approach applied
assumes (A) 100% damage to all assets (all buildings within the community are 100% damaged) at the limit of
0% probability of annual occurrence and, (B) best fit trends provide an estimate of damages for an event with a
20% probability of annual occurrence (5-yr event), and it is assumed damages for storms more frequent than a
20%-annual-chance event are zero. It was observed through frequency testing that damages associated with
greater than 20%-annual-chance events proved unreliable. These assumptions are illustrated in Figure 4.4 as
Points “A” and “B,” respectively.

Figure 4.4: Flood damage frequency curve schematic.
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EADs were calculated at present day (i.e., 2011) conditions, as well as the years 2021, 2031, and 2041.
Throughout this thirty year planning horizon, structures which have been identified for acquisition in
Alternatives 2 and 3, or assumed 100% damaged as result of erosion in Alternative 4, are excluded from flood
damage calculations for the corresponding time period of removal. This avoids double-counting of flood and
erosion damage results and is a necessary step so as not to count flood damages for structures which are
expected to no longer be present. For example, a structure that is acquired in the time period 2021 to 2031 for
Alternative 2 is not included in Alternative 2 flood damage calculations in the year 2031. A complete set of flood
damage frequency curves constructed for this study are provided in Section 10.
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4.2 Results

Figure 4.5 shows a plot of Expected Annual Flood Damages in constant 2011 dollars through time for all seven
study communities. EADs increase continuously from 2011 through 2041 for Alternatives 2, 3 & 4. EADs also
increase over this same period for Alternative 1; however, as expected, damages drop after initial nourishment
construction and immediately after subsequent re-nourishment cycles.

Figure 4.5: Plot of Expected Annual Flood Damages for each Management Alternative from 2011 through 2041.
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Under Alternative 4 (No Action), flood damages increase through time due to 1) shoreline retreat and resulting
encroachment of higher hazard flood zones, and 2) larger flood depths due to the combination of increasing
wave heights (structures are stationary but larger waves encroach further inland as shoreline retreat occurs) and
sea level rise. Note, that as structures are destroyed due to erosion, they are removed from the flood damage
analysis, yet even with this removal of structures (and associated damages), there is an increasing trend in EADs
through time.
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Damages shift lower at the outset of implementation (2011) for both Alternative 2 (Enhanced Strategic Retreat)
and Alternative 3 (Strategic Retreat) due to removal of structures. The reduction in EAD values at 2011 is more
apparent for Alternative 2 than Alternative 3 due to the much higher number of structure removals; 292 vs. 2,
respectively. Over the thirty year study time-frame, the difference in structure removals is the real reason for
the approximately $400,000 difference in EAD values between the two Alternatives through the study period.

Damages are reduced in both Alternatives 2 and 3 when compared to Alternative 4 due to the removal of
structures. Nonetheless, EAD values increase through time due to the increased risk of flooding caused by a
retreating shoreline and sea level rise for the structures that remain. As noted in Section 2.2, the same shoreline
projections are applied for Alternatives 2, 3, & 4 since, as the Alternatives are conceptualized, it is assumed that
shoreline change will occur generally naturally with no placement of external sediment into the system.

Under Alternative 1, damages shift lower immediately upon Alternative implementation, not due to removed
structures, but due to reduced flood risk following beach nourishment. This is consistent with how the
nourishment project is expected to work. Flood damages are reduced following completion of nourishment, but
then increase with shoreline retreat as higher hazard flood zones shift inland. At the end of each 10-yr cycle,
damages drop following widening of the beach via re-nourishment. The number of structures remains fixed
through the year 2041. However, damages at the end of each 10-yr cycle increase over 2011 damages due to
the presence of sea level rise and consequential increasing flood depths.

Using expected annual flood damages based on constant / fixed 2011 price levels for 2011, 2021, 2031, and
2041, a stream of annual damages was converted to present value amounts. A real discount rate of 4% was
used for these present value calculations. Table 4.1 presents flood damage assessment results across all 7
communities. In several instances, more than one result is provided for a given Alternative—Year combination
since the condition in which damage estimates were developed sometimes needed to be considered; see
“Management Condition.” For example, two sets of 2011 results are provided for Alternatives 2 & 3. The first
result captures damages prior to structure acquisitions (i.e., “Current”). The second result captures damages
following initial property buyout (“Post Initial Buyout”). Tables 4.2 — 4.8 present these same results by
community.

With respect to flood damage reduction, the benefits of a given Management Alternative are the measured
difference between flood losses expected without the Alternative vs. with the Alternative. In this study, without
Alternative conditions are defined by Alternative 4, “No Action.” Expected annual avoided flood damages are
calculated by subtracting expected annual flood damages individually for Alternatives 1, 2, and 3, from expected
annual flood damages associated with Alternative 4. Expected annual avoided flood damages are then
converted to present value equivalents in order to identify the future stream of benefits for each Alternative. In
addition to the present value of expected flood damages, Tables 4.1 — 4.8 include the present value of avoided
flood damages (benefits) for the period 2011-2041.

Note that demolition or substantial damage thresholds are not accounted for in this study. Itis likely that over
the thirty year period 2011 — 2041, some structures within the study area would be substantially damaged
whereby the cost of restoring the structure to its pre- damaged condition would equal or exceed 50% of the
market value of the structure before the damage occurred. If the cost necessary to fully repair the structure to
its before damage condition is equal to or greater than 50% of the structure's market value before damages,
then the structure must be elevated (or flood-proofed if it is non-residential) to or above the Base Flood
Elevation (BFE), and meet other applicable NFIP requirements. This would result in changes to the
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characteristics of structures within the building inventory or removal of buildings altogether. Such changes were
not accounted for due to the difficulty in predicting which structures would be substantially damaged and when
those damages would occur. While this approach likely yields a conservative (i.e., maximum potential damage)
result, it is justified given that the methodology is internally consistent. Structures are treated in the same
manner with regard to substantial damage across all four Management Alternatives.
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Table 4.1: Summary of flood damage assessment results across all seven communities.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
or Losses millions of §) (constant 2011 (millions of S) (millions of S)
millions of §)
2011 Current 0 $3.953 not applicable
2011 Post-nourishment 0 $3.742 $0.211
1: Beach 2021 Pre-renourishment 0 $4.095 $0.034
Nourishment 2021 Post-renourishment 0 $3.922 $0.207 $72.66 $2.72
(10-yr cycle design) | 2031 Pre-renourishment 0 $4.317 $0.085
2031 Post-renourishment 0 $4.101 $0.301
2041 Pre-renourishment 0 $4.483 $0.141
2011 Current 0 $3.953 not applicable
2011 Post Initial Buyout 292 $3.514 $0.439
2: Enhanced
. 2021 Post 2011-2021 Buyouts 46 $3.589 $0.540 $64.75 $10.63
Strategic Retreat
2031 Post 2021-2031 Buyouts 64 $3.666 $0.736
2041 Post 2031-2041 Buyouts 49 $3.794 $0.830
2011 Current 0 $3.953 not applicable
. 2011 Post Initial Buyout 2 $3.951 $0.002
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 78 $4.004 $0.125 $72.60 $2.79
2031 Post 2021-2031 Buyouts 96 $4.111 $0.291
2041 Post 2031-2041 Buyouts 68 $4.295 $0.329
2011 Current 0 $3.953 not applicable
. 2021 not applicable 6 $4.129 $0.000
4: No Act 75.38 0.00
© Action 2031 not applicable 42 $4.402 $0.000 $ $
2041 not applicable 81 $4.624 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Table 4.2: Summary of flood damage assessment results for Pickering Beach, DE.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
-~ (constant 2011 . s
or Losses millions of §) - (millions of S) (millions of S)
millions of §)
2011 Current 0 $0.053 not applicable
2011 Post-nourishment 0 $0.039 $0.014
1: Beach 2021 Pre-renourishment 0 $0.056 -$0.002
Nourishment 2021 Post-renourishment 0 $0.041 $0.013 $0.88 -$0.10
(10-yr cycle design) | 2031 Pre-renourishment 0 $0.059 -$0.023
2031 Post-renourishment 0 $0.043 -$0.008
2041 Pre-renourishment 0 $0.061 -$0.058
2011 Current 0 $0.053 not applicable
2011 Post Initial Buyout 38 $0.003 $0.050
2: Enhanced
Strategic Retreat 2021 Post 2011-2021 Buyouts 1 $0.002 $0.052 $0.04 $0.74
g 2031 Post 2021-2031 Buyouts 0 $0.002 $0.033
2041 Post 2031-2041 Buyouts 0 $0.002 $0.001
2011 Current 0 $0.053 not applicable
. 2011 Post Initial Buyout 0 $0.053 $0.000
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 10 $0.042 $0.012 $0.57 $0.21
2031 Post 2021-2031 Buyouts 27 $0.006 $0.029
2041 Post 2031-2041 Buyouts 1 $0.004 $0.000
2011 Current 0 $0.053 not applicable
. 2021 not applicable 2 $0.054 $0.000
4: No Act 0.78 0.00
© Action 2031 not applicable 14 $0.035 $0.000 $ $
2041 not applicable 22 $0.004 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Table 4.3: Summary of flood damage assessment results for Kitts Hummock, DE.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
- (constant 2011 . s
or Losses millions of §) - (millions of S) (millions of S)
millions of §)
2011 Current 0 $0.224 not applicable
2011 Post-nourishment 0 $0.219 $0.005
1: Beach 2021 Pre-renourishment 0 $0.233 $0.002
Nourishment 2021 Post-renourishment 0 $0.229 $0.006 $4.19 $0.05
(10-yr cycle design) | 2031 Pre-renourishment 0 $0.245 $0.002
2031 Post-renourishment 0 $0.240 $0.007
2041 Pre-renourishment 0 $0.255 -$0.005
2011 Current 0 $0.224 not applicable
2011 Post Initial Buyout 52 $0.157 $0.067
2: Enhanced
Strategic Retreat 2021 Post 2011-2021 Buyouts 10 $0.145 $0.090 $2.56 $1.69
g 2031 | Post 2021-2031 Buyouts 9 $0.128 $0.119
2041 Post 2031-2041 Buyouts 1 $0.134 $0.116
2011 Current 0 $0.224 not applicable
. 2011 Post Initial Buyout 0 $0.224 $0.000
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 9 $0.217 $0.018 $3.90 $0.34
2031 Post 2021-2031 Buyouts 18 $0.224 $0.022
2041 Post 2031-2041 Buyouts 24 $0.188 $0.061
2011 Current 0 $0.224 not applicable
. 2021 not applicable 0 $0.235 $0.000
4: No Act 4.24 0.00
© Action 2031 not applicable 13 $0.247 $0.000 $ $
2041 not applicable 18 $0.250 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Table 4.4: Summary of flood damage assessment results for Bowers Beach, DE.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
-~ (constant 2011 . s
or Losses millions of §) - (millions of S) (millions of S)
millions of §)
2011 Current 0 $0.934 not applicable
2011 Post-nourishment 0 $0.912 $0.022
1: Beach 2021 Pre-renourishment 0 $0.966 -$0.005
Nourishment 2021 Post-renourishment 0 $0.951 $0.010 $17.33 $0.17
(10-yr cycle design) | 2031 Pre-renourishment 0 $1.006 $0.003
2031 Post-renourishment 0 $0.989 $0.020
2041 Pre-renourishment 0 $1.047 $0.006
2011 Current 0 $0.934 not applicable
2011 Post Initial Buyout 34 $0.895 $0.039
2: Enhanced
Strategic Retreat 2021 Post 2011-2021 Buyouts 4 $0.922 $0.039 $16.77 $0.73
g 2031 | Post 2021-2031 Buyouts 2 $0.969 $0.040
2041 Post 2031-2041 Buyouts 2 $1.001 $0.052
2011 Current 0 $0.934 not applicable
. 2011 Post Initial Buyout 0 $0.934 $0.000
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 4 $0.953 $0.008 $17.39 $0.11
2031 Post 2021-2031 Buyouts 5 $1.005 $0.004
2041 Post 2031-2041 Buyouts 7 $1.037 $0.016
2011 Current 0 $0.934 not applicable
. 2021 not applicable 0 $0.961 $0.000
4: No Act 17.50 0.00
© Action 2031 not applicable 2 $1.009 $0.000 $ $
2041 not applicable 2 $1.053 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Table 4.5: Summary of flood damage assessment results for South Bowers, DE.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
-~ (constant 2011 . s
or Losses millions of §) - (millions of S) (millions of S)
millions of §)
2011 Current 0 $0.167 not applicable
2011 Post-nourishment 0 $0.147 $0.020
1: Beach 2021 Pre-renourishment 0 $0.177 -$0.002
Nourishment 2021 Post-renourishment 0 $0.155 $0.020 $2.99 $0.14
(10-yr cycle design) | 2031 Pre-renourishment 0 $0.183 -$0.003
2031 Post-renourishment 0 $0.163 $0.017
2041 Pre-renourishment 0 $0.188 -$0.010
2011 Current 0 $0.167 not applicable
2011 Post Initial Buyout 8 $0.146 $0.021
2: Enhanced
Strategic Retreat 2021 Post 2011-2021 Buyouts 2 $0.147 $0.028 $2.66 $0.47
g 2031 | Post 2021-2031 Buyouts 1 $0.151 $0.029
2041 Post 2031-2041 Buyouts 1 $0.152 $0.025
2011 Current 0 $0.167 not applicable
. 2011 Post Initial Buyout 0 $0.167 $0.000
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 1 $0.173 $0.002 $3.03 $0.10
2031 Post 2021-2031 Buyouts 4 $0.168 $0.012
2041 Post 2031-2041 Buyouts 2 $0.164 $0.014
2011 Current 0 $0.167 not applicable
2021 not applicable 0 $0.175 $0.000
4: No Action P $3.13 $0.00
2031 not applicable 1 $0.180 $0.000
2041 not applicable 2 $0.178 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Table 4.6: Summary of flood damage assessment results for Slaughter Beach, DE.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
-~ (constant 2011 . s
or Losses millions of §) - (millions of S) (millions of S)
millions of §)
2011 Current 0 $1.349 not applicable
2011 Post-nourishment 0 $1.317 $0.032
1: Beach 2021 Pre-renourishment 0 $1.384 -$0.003
Nourishment 2021 Post-renourishment 0 $1.373 $0.009 $24.96 $0.57
(10-yr cycle design) | 2031 Pre-renourishment 0 $1.455 $0.021
2031 Post-renourishment 0 $1.427 $0.049
2041 Pre-renourishment 0 $1.498 $0.135
2011 Current 0 $1.349 not applicable
2011 Post Initial Buyout 5 $1.356 -$0.007
2: Enhanced
Strategic Retreat 2021 Post 2011-2021 Buyouts 5 $1.389 -$0.007 $25.20 $0.33
g 2031 | Post 2021-2031 Buyouts 14 $1.440 $0.036
2041 Post 2031-2041 Buyouts 22 $1.502 $0.131
2011 Current 0 $1.349 not applicable
. 2011 Post Initial Buyout 0 $1.348 $0.001
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 0 $1.393 -$0.012 $25.47 $0.06
2031 Post 2021-2031 Buyouts 0 $1.501 -$0.024
2041 Post 2031-2041 Buyouts 4 $1.603 $0.030
2011 Current 0 $1.349 not applicable
2021 not applicable 0 $1.382 $0.000
4: No Action P $25.53 $0.00
2031 not applicable 0 $1.476 $0.000
2041 not applicable 0 $1.633 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Table 4.7: Summary of flood damage assessment results for Prime Hook, DE.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
or Losses millions of §) (constant 2011 (millions of S) (millions of S)
millions of §)
2011 Current 0 $0.254 not applicable
2011 Post-nourishment 0 $0.244 $0.010
1: Beach 2021 Pre-renourishment 0 $0.267 $0.022
Nourishment 2021 Post-renourishment 0 $0.259 $0.030 $4.77 $0.37
(10-yr cycle design) 2031 Pre-renourishment 0 $0.283 $0.023
2031 Post-renourishment 0 $0.274 $0.032
2041 Pre-renourishment 0 $0.295 $0.020
2011 Current 0 $0.254 not applicable
2011 Post Initial Buyout 63 $0.183 $0.071
2: Enhanced
Strategic Retreat 2021 Post 2011-2021 Buyouts 0 $0.192 $0.097 $3.50 $1.64
& 2031 | Post 2021-2031 Buyouts 0 $0.203 $0.103
2041 Post 2031-2041 Buyouts 0 $0.217 $0.098
2011 Current 0 $0.254 not applicable
. 2011 Post Initial Buyout 0 $0.254 $0.000
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 1 $0.289 $0.000 $5.06 $0.08
2031 Post 2021-2031 Buyouts 6 $0.294 $0.012
2041 Post 2031-2041 Buyouts 5 $0.301 $0.015
2011 Current 0 $0.254 not applicable
2021 t licabl 0 0.289 0.000
4: No Action N0 APPTEIRE 3 3 $5.14 $0.00
2031 not applicable 0 $0.306 $0.000
2041 not applicable 4 $0.316 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Table 4.8: Summary of flood damage assessment results for Broadkill Beach, DE.

Expected Annual

No. of Expected Annual Benefit or Avoided Present Value of | Present Value of
Management Management Structure Flood Damages Expected Flood Avoided Flood
. Year ... L Flood Damages
Alternative Condition Acquisitions (constant 2011 Damages Damages
or Losses millions of §) (constant 2011 (millions of S) (millions of S)
millions of $)
2011 Current 0 $0.972 not applicable
2011 Post-nourishment 0 $0.864 $0.109
1: Beach 2021 Pre-renourishment 0 $1.012 $0.021
Nourishment 2021 Post-renourishment 0 $0.914 $0.119 $17.54 $1.52
(10-yr cycle design) 2031 Pre-renourishment 0 $1.086 $0.062
2031 Post-renourishment 0 $0.964 $0.184
2041 Pre-renourishment 0 $1.138 $0.053
2011 Current 0 $0.972 not applicable
2011 Post Initial Buyout 92 $0.774 $0.199
2: Enhanced
Strategic Retreat 2021 Post 2011-2021 Buyouts 24 $0.792 $0.241 $14.02 $5.04
& 2031 | Post 2021-2031 Buyouts 38 $0.773 $0.376
2041 Post 2031-2041 Buyouts 23 $0.785 $0.406
2011 Current 0 $0.972 not applicable
. 2011 Post Initial Buyout 2 $0.971 $0.002
3: Strategic
Retreat 2021 Post 2011-2021 Buyouts 53 $0.936 $0.097 $16.97 $2.09
2031 Post 2021-2031 Buyouts 36 $0.913 $0.236
2041 Post 2031-2041 Buyouts 25 $0.999 $0.193
2011 Current 0 $0.972 $0.000
2021 t licabl 4 1.033 0.000
4: No Action 10 APPTEIRE 3 3 $19.06 $0.00
2031 not applicable 12 $1.148 $0.000
2041 not applicable 33 $1.191 $0.000

NOTE: If aggregating individual community results and comparing with all community results, minor differences may be observed due to rounding and extrapolations
required in damage frequency curve tails.
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Figure 4.6: Summary of Present Value of Avoided Flood Damages for the period 2011-2041.
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Figure 4.6 provides a summary of the present value of avoided flood damages for Alternatives 1 — 3. There are
no avoided flood damages for Alternative 4 since avoided flood damages are calculated by subtracting flood
damages for each Alternative from Alternative 4. Alternative 2 provides the greatest flood damage reduction
benefit with a present value of avoided flood damages across all communities of $10.63 million. Alternative 3
ranks second in terms of flood damage reduction benefit; the present value of avoided flood damages for this
Alternative is $2.79 million. Alternative 1 provides a slightly lower flood damage reduction benefit with a
present value of avoided flood damages across all communities of $2.72 million. Thus, Alternatives 1 & 3
provide nearly identical flood damage reduction potential when considering all seven communities as a whole.

The distribution of benefits is weighted heavily by the number of structures in a given community. As a result,
Broadkill Beach, which contains 597 of 1643 structures (36%) included in the study, has the largest benefit for all
of the Management Alternatives.

It is important to note that the planning horizon for this study ends in the year 2041. Additional avoided flood
damages (benefits) accrue beyond the year 2041 as a result of structure removals for Alternatives 2 and 3 which
are not captured in damage results. These post-2041 benefits do not exist for Alternative 1 since structure
acquisition does not occur.
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5. Assessment of Houses Services Impacts Due to Shoreline Change

5.1 Methodology

Under Alternatives 2, 3, & 4, it is assumed that natural shoreline change would take place without human
intervention. Structures at risk from coastal erosion are removed from the analysis for these three Alternatives.
As these Alternatives are conceptualized, property owners would be compensated for their at-risk property
under Alternatives 2 and 3. Structures are strategically removed from the acquired parcel in advance of erosion
loss. However, under Alternative 4, structures are not purchased, but rather assumed damaged, lost, or
removed at owner expense.

Future shoreline projections developed using the methods outlined in Section 2.1 were compared with structure
locations throughout the study area to determine which parcels would be acquired or lost during each decade
through the year 2041. These determinations were performed by JMT and provided to Baker. Tables 5.1 — 5.3
identify the number of structures removed from the analysis and the corresponding decade of acquisition or loss
for Alternatives 2 — 4, respectively. Note that no structures are removed for Alternative 1, because, as the
Alternative is conceptualized, periodic beach nourishment would prevent such losses.

When a property is lost to erosion, the housing service value from that property is truncated at the point in time
of loss rather than continuing in perpetuity. An analysis was performed to estimate future losses associated
with housing service values based on the approach outlined in Parsons (2012).

Consider a property with a market value of M; this value was developed based on the approach summarized in
Section 3.3. The annualized value of M, given a discount rate of r = 4% (the real discount rate being used in this
study), is A = rM, in perpetuity. For example, a property with a market value of $500,000 has an annual service
value flow of $20,000 with an assumed discount rate of .04 (i.e., 0.04 x $500,000 = $20,000). If the property is
lost after 25 years because it is claimed by an eroding shoreline, then the housing service flow ceases after 25
years. The present value of 25 years of this housing service value flow is (using the standard formula for the
present value of an annually recurring amount):

HV 125 = A [(1+r)%-1]/r(1+1)*

The lost housing service value, L, is equal to the total value, M, less this housing service value flow, or:
L=M - HVy,5 = M- A [(1+r)*-1]/r(1+r)®

Since A = rM (see above paragraph), and substituting rM for A in the above formula, L can be expressed as:
L= M- rM [(1+r)5-1]/r(141)®

The second term in the above expression for L has r in the numerator and r in the denominator, and can
therefore be simplified, factoring out r (i.e., r/r = 1), resulting in the following expression:

L=M - M{[(1+r)*-1]/(1+)*}
The above expression for L can be further simplified by factoring out M, resulting in the following expression:

L=M {1-[(1+r)>-1]/(1+r)*}
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Multiplying the above expression for L by (1+r)**/(1+r)* results in the following new expression for L that is
equivalent to the above expression for L (because (1+r)*°/(1+r)” = 1 and multiplying an expression by 1 does not
change its value):

L=M {1 - [(1+r)2-11/(1+)%} x (1+r)>/(1+1)7

The above expression can be rearranged by multiplying each of the two terms within the brackets immediately
following M by (1+r)*, and then dividing the whole expression by (1+r)*>. This results in the following expression
for L (in the brackets after M, the first term, 1, becomes (1+r)* and the denominator in the 2" term disappears,
because (1+r)*°/(1+r)* = 1 (i.e., the denominator is factored out):

L= M {(14r)® - [(141)* - 1]}/(1+1)®
The above expression for L can be rearranged resulting in the following expression for L
L= M/(146)% [(1+1)% - (1+1)® + 1)]

In the above expression for L, the factor within the brackets is equal to 1, resulting in the following expression
for L:

L=M/(1+r)®

This last simplified expression is recognizable as the present value equivalent of M at time period 25 (in this
case, the end of the 25th year), given discount rate, r. In this hypothetical case, with M = $500,000, the lost
housing service value assuming loss at year 25 = $500,000/1.04* = $500,000 x .3751 = $187,558.

Parcels forecast within acquisition or erosion loss areas were identified and categorized by the period of removal
(i.e., upon initial implementation of Alternative, or during the decade ending 2021, 2031, or 2041). Due to the
uncertainties associated with pinpointing a specific year of removal, and recognition of the variations associated
with long-term shoreline change processes, specific year of loss was not identified. However, the calculation of
a present value for lost housing services required a year of loss be specified. These calculations were performed
assuming mid-decade loss. This is a reasonable assumption since it represents the median year across a decade
in which a group of structures is removed. As an example, for removals predicted to take place in the decade
ending 2021, the calculation presumes removal in 2016. For the ensuing two decades, the calculations presume
removal in 2026 and 2036, respectively. For properties to be removed immediately (either through damage
from natural erosion or through strategic buyout), present value calculations are based on the cost being
incurred in 2013.

5.2 Results

Tables 5.1 — 5.3 provide a summary of the housing service transfers or losses as a result of shoreline change for
Alternatives 2-4. Values in Tables 5.1 and 5.2 for Alternatives 2 & 3, respectively, are not losses, but rather they
represent costs incurred by the public during acquisition of private property. Values in Table 5.3 represent the
lost value incurred by private property owners as a result of the destruction of property in Alternative 4. Table
5.4 provides an overall summary comparison of these results for Alternatives 2, 3, and 4.
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Table 5.1: Value of property acquisition for Alternative 2.

Value of Property Acquired Parcels
Community Time Period Percent | Number Percent
Amount Present Value of of of
Total Parcels Total

2013 $5,750,062 $5,111,784 3.4% 38 8.4%
2011-2021 $80,997 $64,013 .04% 1 2%
Pickering 2021-2031 S0 S0 0% 0 0%
2031-2041 S0 S0 0% 0 0%
2011-2041 55,831,059 $5,175,797 3.5% 39 8.6%
2013 $9,461,151 $8,410,928 5.6% 52 11.5%
2011-2021 $1,755,606 $1,387,481 9% 10 2.2%
Kitts Hummock 2021-2031 $1,553,334 $829,338 6% 9 2.0%
2031-2041 $106,735 $38,498 .03% 1 2%
2011-2041 512,876,826 510,666,245 7.2% 72 16.0%
2013 $7,339,263 $6,524,578 4.4% 34 7.5%
2011-2021 $625,270 $494,160 3% 4 .9%
Bowers 2021-2031 $504,107 $269,147 2% 2 4%
2031-2041 $407,258 $146,894 1% 2 4%
2011-2041 58,875,897 57,434,778 5.0% 42 9.3%
2013 $1,943,256 $1,727,548 1.2% 8 1.8%
2011-2021 $547,551 $432,737 3% 2 4%
South Bowers 2021-2031 $120,361 $64,262 .04% 1 2%
2031-2041 $143,827 $51,877 .03% 1 2%
2011-2041 52,754,995 52,276,424 1.5% 12 2.7%
2013 $3,114,502 $2,768,781 1.9% 5 1.1%
2011-2021 $1,968,519 $1,555,749 1.0% 5 1.1%
Slaughter 2021-2031 $5,095,406 $2,720,479 1.8% 14 3.1%
2031-2041 $9,851,582 $3,553,359 2.4% 21 4.7%
2011-2041 520,030,008 510,598,368 7.1% 45 10.0%
2013 $42,311,401 $37,614,681 25.2% 63 14.0%
2011-2021 S0 S0 0% 0 0%
Prime Hook 2021-2031 S0 S0 0% 0 0%
2031-2041 S0 S0 0% 0 0%
2011-2041 542,311,401 537,614,681 25.2% 63 14.0%
2013 $55,457,290 $49,301,329 33.1% 92 20.4%
2011-2021 $13,129,775 $10,376,652 7.0% 24 5.3%
Broadkill 2021-2031 $21,219,233 $11,329,122 7.6% 38 8.4%
2031-2041 $12,076,516 $4,355,869 2.9% 24 5.3%
2011-2041 $101,882,814 575,362,972 50.5% 178 39.5%
Kent Total 2011-2041 530,338,777 525,553,244 17.1% 165 36.6%
Sussex Total 2011-2041 $164,224,223 | $123,576,021 82.9% 286 63.4%
Both Counties 2011-2041 $194,563,000 | $149,129,265 100.0% 451 100.0%

NOTES: Totals may not add due to rounding; fixed 2011 price levels; 4% real discount rate; present value as of

beginning of 2011.
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Table 5.2: Value of property acquisition for Alternative 3.

Value of Property Acquired Parcels
i i i Percent | Number | Percent
Community Time Period Amount PreTent o o .
Value Total Parcels Total
2011-2021 $1,426,161 $1,127,115 1.8% 10 4.1%
Pickering 2021-2031 $4,205,811 $2,245,517 3.7% 27 11.1%
2031-2041 $118,090 $42.594 0.1% 1 0.4%
2011-2041 55,570,062 53,415,226 5.6% 38 15.6%
2011-2021 $2,032,272 $1,606,134 2.6% 9 3.7%
Kitts Hummock 2021-2031 $2,853,581 $1,523,550 2.5% 18 7.4%
2031-2041 $4,363,342 $1,573,810 2.6% 24 9.8%
2011-2041 59,249,195 54,703,495 7.7% 51 20.9%
2011-2021 $3,674,930 $2,904,351 4.7% 4 1.6%
Bowers 2021-2031 $1,355,761 $723,852 1.2% 5 2.0%
2031-2041 $858,422 $309,623 .5% 7 2.9%
2011-2041 55,889,122 53,937,826 6.4% 16 6.6%
2011-2021 $216,498 $171,101 3% 1 A%
South Bowers 2021-2031 $825,946 $440,979 7% 4 1.6%
2031-2041 $738,061 $266,211 4% 2 .8%
2011-2041 51,780,504 5878,291 1.4% 7 2.9%
2011-2021 SO o 0% 0 0%
Slaughter 2021-2031 SO o 0% 0 0%
2031-2041 $2,468,311 $890,293 1.5% 4 1.6%
2011-2041 52,468,311 $890,293 1.5% 4 1.6%
2011-2021 $900,000 $711,283 1.2% 1 A%
. 2021-2031 $4,704,592 $2,511,820 4.1% 6 2.5%
Prime Hook
2031-2041 $4,051,753 $1,461,424 2.4% 5 2.0%
2011-2041 59,656,346 54,684,527 7.6% 12 4.9%
2013 $225,346 $200,332 3% 2 .8%
2011-2021 $30,853,353 | $24,383,853 39.8% 53 21.7%
Broadkill 2021-2031 $24,299,078 | $12,973,476 21.2% 36 14.8%
2031-2041 $14,364,809 $5,181,232 8.5% 25 10.2%
2011-2041 569,742,586 | $42,738,893 69.8% 116 47.5%
Kent Total 2011-2041 $22,668,873 | 512,934,838 21.1% 112 45.9%
Sussex Total 2011-2041 581,867,242 | $48,313,713 78.9% 132 54.1%
Both Counties 2011-2041 $104,536,118 | 561,248,551 | 100.0% 244 100.0%

NOTES: Totals may not add due to rounding; fixed 2011 price levels; 4% real discount rate; present value as of

beginning of 2011.
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Table 5.3: Lost Housing Service results for Alternative 4.
Value of Loss Parcels
Community Time Period Present Percent | Number Percent
Amount Value of of of
Total Parcels Total
2011-2021 $258,889 $204,604 1.1% 2 1.6%
Pickering 2021-2031 $2,046,132 $1,092,446 6.0% 14 10.9%
2031-2041 $3,445,041 $1,242.589 6.8% 22 17.1%
2011-2041 55,570,062 $2,539,639 | 14.0% 38 29.5%
2011-2021 SO SO 0% 0 0%
Kitts Hummock 2021-2031 $2,727,135 $1,456,040 8.0% 13 10.1%
2031-2041 $2,656,895 $958,313 5.3% 18 14.0%
2011-2041 55,834,030 $2,414,353 | 13.3% 31 24.0%
2011-2021 SO SO 0% 0 0%
Bowers 2021-2031 $235,422 $125,694 7% 2 1.6%
2031-2041 $822,843 $296,791 1.6% 2 1.6%
2011-2041 $1,058,266 $422,485 2.3% 4 3.1%
2011-2021 SO SO 0% 0 0%
South Bowers 2021-2031 $216,498 $115,590 .6% 1 .8%
2031-2041 $467,892 $168,763 .9% 2 1.6%
2011-2041 $684,389 $284,353 1.6% 3 2.3%
2011-2021 SO SO 0% 0 0%
Slaughter 2021-2031 SO SO 0% 0 0%
2031-2041 SO SO 0% 0 0%
2011-2041 S0 S0 0% 0 0%
2011-2021 SO SO 0% 0 0%
Prime Hook 2021-2031 SO SO 0% 0 0%
2031-2041 $3,305,682 $1,192,324 6.6% 4 3.1%
2011-2041 53,305,682 $1,192,324 6.6% 4 3.1%
2011-2021 $1,591,309 $1,257,635 6.9% 4 3.1%
Broadkill 2021-2031 $5,308,054 $2,834,014 15.6% 12 9.3%
2031-2041 $20,110,507 $7,253,643 39.9% 33 25.6%
2011-2041 $27,009,870 | $11,345,292 | 62.3% 49 38.0%
Kent Total 2011-2041 $12,876,747 55,660,831 31.1% 76 58.9%
Sussex Total 2011-2041 $30,315,552 | $12,537,616 | 68.9% 53 41.1%
Both Counties 2011-2041 $43,192,299 | 518,198,446 | 100.0% 129 100.0%
NOTES: Totals may not add due to rounding; fixed 2011 price levels; 4% real discount rate; present value as of
beginning of 2011.
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Table 5.4: Summary comparison of property acquired or lost for Alternatives 2, 3, & 4.

Property Lost or Acquired

Alternative 2

Alternative 3

Alternative 4

Community Present No. Present No. Present No.
Value of Value of Value of
(1,000’s) Parcels (1,000’s) Parcels (1,000’s) Parcels
Pickering $5,176 39 $3,415 38 $2,540 38
Kent Kitts Hummock $10,666 72 $4,703 51 $2,414 31
Bowers $7,435 42 $3,938 16 $422 4
South Bowers S2,276 12 $878 7 $284 3
Slaughter $10,598 45 $890 4 SO 0
Sussex | Prime Hook $37,615 63 $4,685 12 $1,192 4
Broadkill $75,362 178 $42,739 116 $11,345 49
Kent County $25,553 165 $12,935 112 55,661 76
Sussex County $123,576 286 548,314 132 $12,538 53
Both Counties $149,129 451 561,249 244 518,198 129

NOTES: 4% discount rate applied; present value beginning of 2011; 2011 price levels; cost incurred by property owner in
Scenario 4; property owners compensated in Scenarios 2 and 3.
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6. Tax Revenue Impact Assessment

6.1 Overview

The purpose of the tax revenue impact assessment is to estimate the impacts to counties and incorporated
municipalities as a result of real estate losses that would likely occur based on selected Management
Alternatives. Local governments levy and collect taxes on real estate properties to fund costs for schools, roads,
libraries and other public services. When properties are removed from tax rolls, tax revenue decreases. This
evaluation estimates these tax revenue losses and their relative significance.

If there were to be significant net contributions to (or net outflows from) the Delaware economy from (or to)
outside of the State with any of the Alternatives (e.g., Federal spending and/or out-of-state recreation visitors),
there would be secondary economic effects in addition to direct effects. Multipliers can be used to estimate
such secondary effects to capture changes in economic measures such as sales, income, output, and
employment brought about by the initial spending amounts. Multipliers account for the effects of spending and
re-spending, and the resulting growth (or decline) in employment and production, etc. Detailed analysis of such
effects could be done using the results of input-output tables (representing the complex web of economic
relationships in the economic system) that exist for states and regions for the multitude of economic sectors of
the economy. Conducting such an analysis is beyond the scope of this study and these secondary effects are
unlikely to be significant for the different Alternatives under consideration. It does not appear that any
significant changes in net spending from sources outside the State will take place as a result of any of the
Alternatives. Sorting out the net effects of such impacts with an acceptable degree of confidence would require
an extensive, comprehensive effort, and it is unlikely that the economic comparison of Alternatives would be
much different with vs. without such an analysis.

The combined government budget in 2011 for Kent and Sussex Counties, Delaware, was about $106 million ($59
million for Kent and $47 million for Sussex). About 38% of this revenue comes from taxes (23% for Kent and 56%
for Sussex), the rest coming from service fees, grants, and other sources. Property taxes account for about one
fifth of total revenues, and about half of all tax revenues. County government expenses are for schools,
libraries, roads, public safety, and other services.

The relative tax impact on the economy of Kent and Sussex Counties is likely to be quite small under any of the
projected scenarios. The tax revenue impacts are likely less than one percent of the total government budget
of the two counties combined, and represent an even smaller share of the total economy of the State of
Delaware. When properties no longer exist, public services are reduced to some extent, partially offsetting the
loss in tax revenues. Some property owners would likely relocate within Delaware, further reducing the overall
net effect on the economy and on government revenues and expenses.

The combined town budgets for Bowers Beach and Slaughter Beach currently amount to just under $200,000.
Town expenses are for such things as street repair, maintenance and upkeep of public property, and public
safety. A little over half of the town revenues are from taxes levied on properties. The remainder comes mostly
from property transfer taxes and government revenue sharing for streets and roads (known as “street aid”). The
impact on town budgets under the Management Alternatives is slightly more significant than the impact on
county budgets. The towns are fairly small, with a total population of just over 500 for the two communities
combined. The maximum tax revenue impact on the combined town budgets is nearly 7% (Alternative 2).
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6.2 Property Tax Rates
Property tax rates for Kent and Sussex Counties vary for different parts of the counties, depending mainly on
school district boundaries (see Tables 6.1 and 6.2).

Table 6.1: Property Tax Rate Chart, 2010-2011, Kent County

Tax Rate
School District (S per $100 of assessed value)
County | Library | Vo-Tech | School Total

Smyrna 0.31 0.0370 | 0.1304 1.2529 1.7303
Capital 0.31 0.0370 | 0.1304 1.7685 2.2459
Caesar Rodney 0.31 0.0370 | 0.1304 1.1650 1.6424
Lake Forest 0.31 0.0370 | 0.1304 1.1112 1.5886
Woodbridge 0.31 0.0370 | 0.1304 1.2090 1.6864
Milford 0.31 0.0775 | 0.1304 1.3088 1.8267

Table 6.2: Property Tax Rate Chart, 2011, Sussex County

Tax Rate
school District (S per $100 of assessed value)
County | Library | Vo-Tech | School Total

Indian River 0.3983 | 0.0467 | 0.2737 2.6250 3.3437
Laurel 0.3983 | 0.0467 | 0.2737 2.9810 3.6997
Seaford 0.3983 | 0.0467 | 0.2737 3.3200 4.0387
Milford 0.3983 | 0.0467 | 0.2737 3.6304 4.3491
Woodbridge 0.3983 | 0.0467 | 0.2737 3.4820 4.2007
Cape Henlopen 0.3983 | 0.0467 | 0.2737 2.5670 3.2857
Delmar 0.3983 | 0.0467 | 0.2737 3.3100 4.0287

A brief review of the tax rates for the two counties reveals that the rates are significantly higher for Sussex
County than for Kent County. Nevertheless, the overall county budgets and tax revenues for the two counties
are similar. The main reason for the different rates (Sussex County rates are over twice the rates of Kent
County) is that the assessed values of properties have markedly different bases. Kent County assessed values
are equal to 60% of market appraisal values as of 1987. Sussex County assessed values are equal to 50% of
market appraisal values as of 1974. Tax rates for the seven beach communities in this study are summarized in
Table 6.3.
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Table 6.3: County Property Tax Rate by Community
. I Tax Rate
Community County School District ($ per $100 of assessed value)
Pickering Beach Kent Caesar Rodney 1.6424
Kitts Hummock Beach Kent Caesar Rodney 1.6424
Bowers Beach Kent Lake Forest 1.5886
South Bowers Beach Kent Milford 1.8267
Slaughter Beach Sussex Milford 4.3491
Prime Hook Beach Sussex Cape Henlopen 3.2857
Broadkill Beach Sussex Cape Henlopen 3.2857

As mentioned previously, two of the seven beach communities are incorporated municipalities and have taxes in
addition to the county tax rates. These town tax rates are as shown in Table 6.4. The town tax rates use the
same assessed values applied by the counties.

Table 6.4: Town Tax Rates

Town Count Tax Rate
v (S per $100 of assessed value)
Bowers Beach Kent 0.60
Slaughter Beach | Sussex 0.75

6.3 Tax Revenue Impacts

For each of the Alternatives, shoreline change projections were used to identify parcels that would be lost
(Alternative 4) or acquired (Alternatives 2 and 3). For each decade of the thirty year planning period, 2011-
2041, taxes based on current tax rates have been estimated for properties projected to be removed from the tax
roll. The tax rates outlined above were multiplied by the assessed values for the respective parcels. The results
were summed to determine the tax revenue losses by community, and by county. This process is outlined in the
following tables.

Fewer properties are removed for Alternative 4 than Alternatives 2 or 3, and the parcels are lost later in the
planning period. Accordingly, the tax revenue losses are lower, and delayed, as compared with either of the
strategic retreat Alternatives.

For each of the non-nourishment Alternatives, approximately half of the lost county tax revenue results from
projected property removals in Broadkill Beach. Over half the total county tax revenue losses under any of the
non-nourishment Alternatives are projected to take place in Sussex County.

The two communities that have their own municipal taxes, Bowers Beach and Slaughter Beach, would lose some
tax revenue because of properties lost or acquired under the various Alternatives. The amount of revenue loss
is relatively small (around 1%), except for Alternative 2, in which case a loss of nearly 7% is estimated. Most of
the town tax revenue loss in the planning scenarios would occur in Bowers Beach. While the total annual loss in
Alternative 4 is relatively small (under $1,000), those losses are limited to Bowers Beach, with no losses in
Slaughter Beach. Total town tax losses are just under $3,000 in Alternative 3; approximately 95% of these losses
would take place in Bowers Beach. In Alternative 2, the losses are more significant (about $12,000 per year),
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and about two thirds of these losses would take place in Bowers Beach. The remaining third (about $4,000)
would occur in Slaughter Beach.

Table 6.5: Lost Annual Tax Revenue, Kent County, Alternative 4
Parcels Lost Tax Revenue Lost
Community Period Share of Share of
Number Total Amount Total

2011-2021 2 1.6% $562 1.0%
Pickering Beach 2021-2031 14 10.9% $4,439 7.6%
2031-2041 22 17.1% $7,455 12.8%
2011-2041 38 29.5% | $12,456 21.3%
2011-2021 0 0% SO 0%
2021-2031 13 10.1% $4,244 7.3%
Kitts Hummock 2031-2041 18 14.0% $5,241 9.0%
2011-2041 31 24.0% $9,485 16.3%
2011-2021 0 0% SO 0%
2021-2031 2 1.6% $494 0.8%
Bowers Beach 2031-2041 2 1.6% $1,727 3.0%
2011-2041 4 3.1% $2,221 3.8%
2011-2021 0 0% SO 0%
2021-2031 1 1.8% $522 0.9%
South Bowers 2031-2041 2 1.6% $782 1.3%
2011-2041 3 2.3% $1,304 2.2%
2011-2021 2 1.6% $562 1.0%
2021-2031 30 23.3% $9,700 16.6%
Total Kent County | 2031-2041 44 34.1% | $15,204 26.1%
2011-2041 76 58.9% | $25,466 43.6%

NOTES: Totals may not add due to rounding; % shares are of both counties.
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Table 6.6: Lost Annual Tax Revenue, Kent County, Alternative 3

Community

Period

Parcels Acquired

Tax Revenue Lost

Share of Share of
Number Total Amount Total

2011-2021 10 4.1% | $3,094 2.4%
Pickering Beach 2021-2031 27 11.1% | $11,061 8.5%
2031-2041 1 0.4% $591 0.5%
2011-2041 38 15.6% | $14,747 11.3%
2011-2021 9 3.7% | $3,508 2.7%
2021-2031 18 7.4% | $5,164 4.0%
Kitts Hummock 2031-2041 24 9.8% | $8,936 6.8%
2011-2041 51 20.9% | $17,608 13.5%
2011-2021 4 1.6% | 52,480 1.9%
2021-2031 5 2.0% | $2,845 2.2%
Bowers Beach 2031-2041 7 2.9% $1,801 1.4%
2011-2041 16 6.6% | $7,126 5.5%
2011-2021 1 0.4% $522 0.4%
2021-2031 4 1.6% | $1,646 1.3%
South Bowers 2031-2041 2 0.8% | $1,781 1.4%
2011-2041 7 2.9% | $3,949 3.0%
2011-2021 24 9.8% | $9,605 7.4%
2021-2031 54 22.1% | $20,716 15.9%
Total Kent County 2031-2041 34 13.9% | $13,110 10.0%
2011-2041 112 45.9% | $43,431 33.2%

NOTES: Totals may not add due to rounding; % shares are of both counties.
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Table 6.7: Lost Annual Tax Revenue, Kent County, Alternative 2

Period

Parcels Acquired

Tax Revenue Lost

Community Share of Share of
Number Total Amount Total
2011-2021 39 8.6% | $12,632 5.2%
2021-2031 0 0% SO 0%
Pickering Beach 2031-2041 0 0% S0 0%
2011-2041 39 8.6% | $12,632 5.2%
2011-2021 62 13.7% | $21,212 8.7%
2021-2031 9 2.0% $3,370 1.4%
Kitts Hummock 2031-2041 1 0.2% $232 0.1%
2011-2041 72 16.0% | $24,813 10.2%
2011-2021 38 8.4% | $18,895 7.7%
Bowers Beach 2021-2031 2 0.4% $851 0.3%
2031-2041 2 0.4% $855 0.4%
2011-2041 42 9.3% | $20,601 8.4%
2011-2021 10 2.2% $4,886 2.0%
2021-2031 1 0.2% $290 0.1%
South Bowers 2031-2041 1 0.2% $347 0.1%
2011-2041 12 2.7% $5,524 2.3%
2011-2021 149 33.1% | $57,625 23.6%
Total Kent County 2021-2031 12 2.7% $4,512 1.9%
2031-2041 4 0.9% $1,433 0.6%
2011-2041 165 36.6% | $63,570 26.1%

NOTES: Totals may not add due to rounding; % shares are of both counties.
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Table 6.8: Lost Annual Tax Revenue, Sussex County, Alternative 4
Parcels Lost Tax Revenue Lost
Community Period Share of Share of
Number | Total | Amount | Total
2011-2021 0 0% SO 0%
2021-2031 0 0% SO 0%
Slaughter Beach 2031-2041 0 0% 30 0%
2011-2041 0 0% SO 0%
2011-2021 0 0% SO 0%
2021-2031 0 0% SO 0%
Prime Hook 2031-2041 4 3.1% | $3,777 6.5%
2011-2041 4 3.1% | $3,777 6.5%
2011-2021 4 3.1% | $1,451 2.5%
Broadkill Beach 2021-2031 12 9.3% | $5,628 9.6%
2031-2041 33 25.6% | $22,032 37.8%
2011-2041 49 38.0% | $29,111 49.9%
2011-2021 4 3.1% | $1,451 2.5%
Total Sussex County 2021-2031 12 9.3% | $5,628 9.6%
2031-2041 37 28.7% | $25,809 44.2%
2011-2041 53 41.1% | $32,888 56.4%
NOTES: Totals may not add due to rounding; % shares are of both counties.

Table 6.9: Lost Annual Tax Revenue, Sussex County, Alternative 3
Parcels Acquired Tax Revenue Lost
Community Period Share of Share of
Number Amount
Total Total
2011-2021 0 0% S0 0%
Slaughter Beach 2021-2031 0 0% S0 0%
2031-2041 4 1.6% $720 .6%
2011-2041 4 1.6% $720 .6%
2011-2021 1 4% | $1,129 .9%
2021-2031 6 2.5% | $4,342 3.3%
Prime Hook 2031-2041 5 2.0% | $4,460 3.4%
2011-2041 12 4.9% | $9,931 7.6%
2011-2021 55 22.5% | $33,554 25.7%
2021-2031 36 14.8% | $27,462 21.0%
Broadkill Beach 2031-2041 25 10.2% | $15,571 11.9%
2011-2041 116 47.5% | $76,587 58.6%
2011-2021 56 22.9% | $34,572 26.5%
2021-2031 42 17.2% | $31,804 24.3%
Total Sussex County 2031-2041 34 13.9% | $20,751 15.9%
2011-2041 132 54.1% | $87,127 66.8%
NOTES: Totals may not add due to rounding; % shares are of both counties.

Page 46 of 74



Table 6.10: Lost Annual Tax Revenue, Sussex County, Alternative 2
Parcels Acquired Tax Revenue Lost
Community Period Share of Share of
Number Amount
Total Total
2011-2021 10 2.2% $4,168 1.7%
Slaughter Beach 2021-2031 14 3.1% $7,378 3.0%
2031-2041 21 4.7% | $12,934 5.3%
2011-2041 45 10.0% | $24,481 10.0%
2011-2021 63 14.0% | $45,688 18.7%
Prime Hook 2021-2031 0 0% S0 0%
2031-2041 0 0% S0 0%
2011-2041 63 14.0% | $45,688 18.7%
2011-2021 116 25.7% | $75,312 30.9%
Broadkill Beach 2021-2031 38 8.4% | $21,750 8.9%
2031-2041 24 5.3% | $13,029 5.3%
2011-2041 178 39.5% | $110,091 45.2%
2011-2021 189 41.9% | $125,168 51.3%
Total Sussex County 2021-2031 52 11.5% | $29,128 11.9%
2031-2041 45 10.0% | $25,694 10.6%
2011-2041 286 63.4% | $180,259 73.9%
NOTES: Totals may not add due to rounding; % shares are of both counties.

Table 6.11: Lost Annual County Tax Revenue Summary (Rounded)

Lost Annual County Tax Revenue

Community Alternative 4: Alternative 3: . Alternative 2:
No Action Enhanced Strategic Strategic Retreat
Retreat
Pickering Beach $12,500 $14,700 $12,600
Kitts Hummock $9,500 $17,600 $24,800
Bowers Beach $2,200 $7,100 $20,600
South Bowers $1,300 $3,900 $5,500
Kent County Total $25,500 $43,400 $63,600
Slaughter Beach SO $700 $24,500
Prime Hook $3,800 $9,900 $45,700
Broadkill Beach $29,100 $76,600 $110,100
Sussex County Total $32,900 $87,200 $180,300
Kent and Sussex Counties

Combined Total $58,300 $130,700 $243,800

NOTE: Totals may not add due to rounding.
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Table 6.12: Municipal Annual Tax Revenue Lost, Alternative 4

Community Period Number of Annual Tax
Parcels Lost Revenue Lost
2011-2021 0 50
Bowers Beach 2021-2031 2 $190
2031-2041 2 $650
2011-2041 4 $840
2011-2021 0 50
2021-2031 0 50
Slaughter Beach 50312041 5 5
2011-2041 0 50
2011-2021 0 50
SouersSexh & aoaraon |2 s
; 2031-2041 2 $650
Combined
2011-2041 4 $840

NOTE: Totals may not add due to rounding.

Table 6.13: Municipal Annual Tax Revenue Lost, Alternative 3

Number of
. . Annual Tax
Community Period Parcels
. Revenue Lost
Acquired
2011-2021 4 $940
Bowers Beach 2021-2031 5 $1,080
2031-2041 7 S680
2011-2041 16 $2,700
2011-2021 0 SO
2021-2031 0 SO
Slaughter Beach 50312041 2 $120
2011-2041 4 $120
B Beach & 2011-2021 4 $940
Sg‘:’eﬁere;:ach 2021-2031 5 $1,080
ghter 2031-2041 11 $800
Combined
2011-2041 20 $2,820

NOTE: Totals may not add due to rounding.
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Table 6.14: Municipal Annual Tax Revenue Lost, Alternative 2

Community Period Number of Annual Tax
Parcels Acquired | Revenue Lost
2011-2021 38 $7,140
Bowers Beach 2021-2031 2 $320
2031-2041 2 $320
2011-2041 42 $7,800
2011-2021 10 $720
2021-2031 14 $1,300
Slaughter Beach 50312041 o1 $2:200
2011-2041 45 $4,200
B Beach & 2011-2021 48 $7,860
Sg\ij\/;:\iere;;ach 2021-2031 16 $1,620
. 2031-2041 23 $2,520
Combined
2011-2041 87 $12,000

NOTE: Totals may not add due to rounding.

Table 6.15: Lost Municipal Annual Tax Revenue Summary (Rounded)

Lost Annual Municipal Tax Revenue

Community

Alternative 4:

Alternative 3:

Alternative 2:

No Action Enhanced Strategic Retreat Strategic Retreat
Bowers Beach S840 $2,700 $7,800
Slaughter Beach SO $120 $4,200
Bowers Beach &
Slaughter Beach $840 $2,820 $12,000
Combined
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In summary, shoreline recession is projected to result in the loss of 129 property parcels under Alternative 4,
244 parcels under Alternative 3, or 451 parcels under Alternative 2 through the year 2041. No losses are
expected to take place with Alternative 1. Using recent tax rates for Kent and Sussex Counties, estimated tax
losses associated with these parcels are shown in Table 6.16, along with the relative impact on the combined
total county government revenues from all sources.

Table 6.16: Combined (Kent and Sussex Counties) estimated county tax losses associated with all
parcels removed for each Alternative.
Atermative | rvost | Toxestost | | Total County Revenue’
1 0 S0 0.0%
2 451 $243,800 0.23%
3 244 $130,700 0.12%
4 129 $58,300 0.06%

Two of the seven communities included in this study are incorporated municipalities; Bowers Beach (Kent
County) and Slaughter Beach (Sussex County). Property owners in these communities pay town taxes in addition
to county taxes. Table 6.17 provides a summary of combined town taxes lost for each of the four Management
Alternatives, along with the relative impact on combined municipal tax revenues.

Table 6.17: Combined (Bowers Beach and Slaughter Beach) estimated town tax losses associated
with parcels removed for each Alternative.
atormatve | Acauredor ot | AnnualTownTaxestost | S SR
1 0 S0 0.0%
2 87 $12,000 6.9%
3 20 $2,820 1.6%
4 4 $840 0.49%
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7. Accelerated Sea Level Rise Assessment

As previously mentioned, flood damage modeling conducted for future years (i.e., 2021, 2031, and 2041)
accounts for present day sea level change observations. Flood elevations were adjusted for future years based
on historical sea level changes. The historic average local relative sea level rise rate for the study area is 3.33
mm/yr. (DNREC, 2009). This historical rate was used to determine Stable scenario sea level rise projections
(above 2011 sea level), as listed in Table 9.1 of Section 9.

By incorporating expected sea level rise into future flood elevations based on historical rates, study results
account for the realities of future sea level changes with a high degree of certainty. The study recognizes the
potential for future accelerated sea level rise — that is, increases in sea level over time at a rate which exceeds
3.23 mm/yr. However, accelerated sea level rise was not incorporated into future flood elevations and
associated damage results for two key reasons.

Additional uncertainty would be introduced into study results by adjusting future flood elevations based on
accelerated sea level rise. This study was intended to focus on quantifying flood damages in a manner which
comprehensively accounts for the realities of a dynamic coastal environment and expected changes in future
sea level. At the same time, it was critical that the degree of confidence in results was not diminished by the
additional uncertainties that would be introduced if accelerated level rise were incorporated into damage
estimates. The study team wanted to ensure that debate over uncertain sea level rise projections did not
distract from the intent of the overall study.

Secondly, the planning horizon for this study is relatively short at thirty years. Accelerated sea level has a
smaller effect on flood damage assessment results over the short-term compared to longer-term (i.e., 100 years)
assessments. For example, under High sea level rise acceleration conditions listed in Table 9.1 Section 9,
Delaware Bay communities would experience an additional increase in sea level not already accounted for in
this study of 0.07 meters (~0.23 ft.) at 2021, 0.14 meters (~0.46 ft.) at 2031, and 0.24 meters (~0.79 ft.) at 2041.
It is expected that such increases will not affect overall damage assessment result comparisons and conclusions
made in the evaluation of Management Alternatives. Therefore, detailed evaluation of accelerated sea level rise
is a secondary concern for purposes of this study.

Nonetheless, the approximate impact of accelerated sea level rise on flood damage assessment results was
investigated. Using the Intermediate scenario sea level rise projections listed in Table 9.1 of Section 9 as an
accelerated sea level rise condition, a comparison of EAD values was made with EAD results obtained using
“stable” sea level rise projections. For consistency across each year and sea level condition, the number of
structures remained unchanged. Table 7.1 provides a summary of EAD values for 2011, 2021, 2031, and 2041
under Stable and Intermediate sea level rise conditions.
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Table 7.1: Summary of EAD calculations completed for purposes of accelerated sea level rise assessment. Results
are provided for 2021, 2031, and 2041 under historical (i.e., Stable) and accelerated (i.e., Intermediate) sea level
rise conditions.

Historical SLR Condition: Stable Accelerated SLR Condition: Intermediate
Year | gea Level Rise EAD Sea Level Rise EAD z:::):::dh::ileisi:ofiﬁ:l
(above 2011) (All communities) (above 2011) (All communities) SLR Condition
2011 0 m (0 ft.) $3.953 0m (0 ft.) $3.953 0.0%
2021 0.03m (0.1 ft.) $4.095 0.07 m (0.23 ft.) $4.317 5.4%
2031 | 0.07 m (0.23 ft.) $4.317 0.15m (0.49 ft.) $4.731 9.6%
2041 0.1 m (0.33 ft.) $4.483 0.24 m (0.79 ft.) $5.207 16.1%

Results show that by 2021, EAD values for accelerated sea level rise conditions are approximately 5% higher
than EAD values expected for historical sea level rise conditions. The percent change for accelerated SLR
increases to approximately 10% by 2031 and 16% by 2041. While some variation in percentage changes is
expected when applying accelerated sea level rise conditions to various specific Alternative-management
condition-year combinations, these results provide a sense for the impact of accelerated sea level rise would
have on future damage estimates. Figure 7.1 shows a plot of various sea level conditions and associated EAD
values based on the comparative analysis performed. The observed relationship between increasing sea level
rise conditions and EAD values is linear. Note that this trend may not apply for longer time scales or sea level
increases larger than 0.79 ft.
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Figure 7.1: Plot of Expected Annual Damages for various historical and accelerated sea level rise conditions.

Expected Annual Damage vs. Sea Level Rise m
Al Communities: Bullding Damage & Contents Domage
#5.4
NOTE: The number of structures
353 remained fived between eoch seo ’
level condition for these calcwlations, . \
Also, EAD values are in 2011 constant a
55.0 - dolfors. T Accelerated S.H Condition:
g Intermediate 2041
& - 0.79 ft.
— -
g pt
@ Historical LR Congition: . -
E Stable 2041 = d
E S0 4 033t y il
; 4
-~
5 s -
= ‘, - Historical 5LR Condition: Stable 2031
g - T | OR
E - - Accelerated 5LR Condition: Intermediote 2021
= 4.2 4 -
g | ta 0.23 1.
% - ' = Histonical SLR Condition:
0 1" Stable 2021
’ 0.1 ft.
§3.8 J| 2011: Mo 5LR
|
£3.6 = + s : ; + i - . : i + - - t - t - 4 .
o 0l 0.2 o3 0.4 05 0.6 07 0.8 [ 5] 1
Sea Level Rise Above 2011 Sea Level Conditions (ft.)

Baker, 2013 Page 53 of 74




8. References
1) Bureau of Labor Statistics, U.S. Department of Labor (http://www.bls.gov/cpi/tables.htm/). 2012.
Consumer Price Index History Table, “Table Containing History of CPI-U U.S. All Items Indexes and Annual

Percent Changes From 1913 to Present,” (ftp://ftp.bls.gov/pub/special.requests/cpi/cpiai.txt).

2) Davis, Morris A. and Michael G. Palumbo. 2007. "The Price of Residential Land in Large US Cities." Journal
of Urban Economics, vol. 63 (1), p. 352-384. Data located at Land and Property Values in the U.S., Lincoln
Institute of Land Policy, http://www.lincolninst.edu/resources/.

3) Delaware Department of Natural Resources and Environmental Control (DNREC). 2009. Sea Level Rise
Technical Workgroup. “Recommended Sea Level Rise Strategies for Delaware.” Retrieved from:
http://www.swc.dnrec.delaware.gov/coastal/Documents/SealevelRise/Final%20and%20Signed%20DNREC%
20SLR%20scenarios.pdf.

4) Delaware Department of Natural Resources and Environmental Control (DNREC). 2011. Delaware Bay
Economic Analysis - Selected Management Alternatives. Dover, DE.

5) Federal Emergency Management Agency (FEMA). January, 2011. FEMA Benefit-Cost Analysis Re-
engineering (BCAR): Flood Module Revision — Updates to Residential Depth-Damage Functions (DDFs) and
Guidance for Coastal Flooding — Methodology Report (version 4.5.5.).

6) Federal Emergency Management Agency (FEMA). May 5, 2003. Flood Insurance Study: Sussex County,
Delaware and Incorporated Areas. Washington, D.C.

7) Federal Emergency Management Agency (FEMA). January 6, 2005. Flood Insurance Study: Sussex County,
Delaware and Incorporated Areas. Washington, D.C.

8) Federal Emergency Management Agency (FEMA). February, 2007. Atlantic Ocean and Gulf of Mexico
Coastal Guidelines Update — Final Draft. Washington, D.C.

9) Federal Emergency Management Agency (FEMA). August, 2007. Wave Height Analysis for Flood Insurance
Studies, Version 4.0. Available at: http://www.fema.gov/national-flood-insurance-program-flood-hazard-

mapping/wave-height-analysis-flood-insurance-studies.

10) French G.T. 1990. Historical Shoreline Changes in Response to Environmental Conditions in West Delaware
Bay. University of Maryland M.A. Thesis.

11) Parsons, G. March 23, 2012. A proposal for calculating lost housing services in the Delaware Bay Beach
Project. Project Memorandum.

12) PBS&J. March 2010. “Management Plan for the Delaware Bay Beaches: Final Report.”

13) U.S. Army Corps of Engineers (USACE). Provided on January 20, 2012. Draft 2011 Storm Surge Study
Results. Received by M. Powell, Delaware Department of Natural Resources and Environmental Control.

Baker, 2013 Page 54 of 74



14) U.S. Army Corps of Engineers (USACE) Philadelphia District. August, 1991. Delaware Bay Coastline,
Delaware and New Jersey. Technical Appendices.

Baker, 2013 Page 55 of 74



9. Data Sources

Aerial Imagery:

2011 aerial imagery from the National Agriculture Imagery Program (NAIP) was used as needed throughout the
study area, specifically for purposes of delineating the present day (i.e., 2011) shoreline. This imagery is
available for download from the Natural Resources Conservation Service, United States Department of
Agriculture. This imagery has a 1m x 1m resolution and was collected on June 2, 2011. Time stamps for data
collection are provided within the metadata.

Topographic-Bathymetric Data:
Delaware Coastal Program LiDAR data was used. This data was collected from March 31 to April 7, 2007 for Kent

County and from March 1 to March 31, 2005 for Sussex County.

Sea Level Rise Rates:

Local relative sea level rise projections provided by DNREC on January 11, 2012 were used in the analysis. These
projections are summarized in Table 8.1. Stable projections which are based on best-available historic data for
the Delaware Bay communities were applied in flood damage reduction modeling. The accelerated sea level rise
assessment (Section 7) applies the intermediate scenario.

Table 9.1: Projected sea level rise increases above present day (i.e., 2011) conditions at ten-year intervals
over the next thirty years. The “stable” scenario is based on an average historic rate obtained from the
Lewes, DE & Reedy Point, DE NOAA tide stations (3.33 mm/yr). Low, intermediate, and high scenarios
capture potential accelerated global sea level rise conditions and are based on a consensus of national and
international organizations with adjustment for local vertical land movement.

Year Stable (m) Low (m) Intermediate (m) High (m)
2011 0.00 0.00 0.00 0.00
2021 0.03 0.04 0.07 0.10
2031 0.07 0.09 0.15 0.21
2041 0.10 0.14 0.24 0.34

Coastal Stillwater Elevations:

An updated coastal storm surge analysis was underway at the time of this study. The storm surge analysis
encompasses the entire Delaware Bay. This study provides updated 10%-, 4%-, 2%-, 1%-, and 0.2%-annual-
chance stillwater elevations for 50 coastal counties, including Kent and Sussex Counties, using ADCIRC soft-
coupled with the 2-dimensional wave model SWAN. Draft results, distributed to DNREC by the U.S. Army Corps
of Engineers on January 21, 2012, were used in this study.

Starting Wave Conditions:
Starting wave height and wave period conditions were determined using fetch-based methods. Fetch lengths

were measured for all locations where overland wave propagation is analyzed.
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Structure First Floor Elevations:

First-floor elevations for structures throughout the seven study communities are based on mobile LiDAR data
collected by Baker on March 15-19, 2011. These elevations are recorded in feet and referenced to the North
America Vertical Datum 1988 (NAVD88).
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10. Flood Damage Frequency Curves

Current 2011 Conditions (1 curve):
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Alternative 1 (5 curves):

m Flood Damage Frequency Curve - Management Alternative 1 Cm&;& 1P.:ew riourishment
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B2 Flood Damage Frequency Curve - Management Alternative 1 e L e
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54 Flood Damage Frequency Curve - Management Alternative 1 Condiion Posi-renpurishment
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o e Flood Damage Freguency Curve - Management Alternative 1 Condibor: Pre-rencunshment

Year M1
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Alternative 2 (4 curves):

B3 Flood Damage Frequency Curve - Management Alternative 2 wi 1Pmm Buyout
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m Flood Damage Frequency Curve - Management Alternative 2 Condion: Post 2011-2021 Buyouss
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o Flood Damage Frequency Curve - Management Alternative 2 Condbon Post 2021.2031 Buyous
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n Flood Damage Frequency Curve - Management Alternative 2 . Post 312041 B
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& 52810 EAD = 53,794,000

5250

$150 -

Damage (millions of 5)

526.3

5110 574

Q 5 10 15 sl

Percent -Annual-Chance Event (%)

Baker, 2013 Page 67 of 74



Alternative 3 (4 curves):

m Flood Damage Frequency Curve - Management Alternative 3 Condiion: Postiniial Buyou
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g Flood Damage Frequency Curve - Management Alternative 3 Condiion Post 2011-2021 Buyouts
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i Flood Damage Frequency Curve - Management Alternative 3 Condon: Post 20212031 Buyous
All Communities: Building Damage & Contents Damoge Year 2031
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m Flood Damage Frequency Curve - Management Alternative 3 Condlon: Post 20312041 Buvou
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Alternative 4 (3 curves):

m Flood Damage Frequency Curve - Management Alternative 4 e
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Introduction

This report summarizes methods and results for an analysis of recreational benefit changes (gains
or losses) under four proposed Delaware Department of Natural Resources and Environmental
Control (DNREC) beach nourishment and retreat scenarios. These estimates reflect the
projected economic benefits of beach recreation gained or lost by recreational visitors to seven
Delaware Bay beaches: (1) Pickering, (2) Kitts Hummock, (3) Bowers, (4) South Bowers, (5)
Slaughter, (6) Primehook, and (7) Broadkill. Benefits are calculated for a thirty year time
horizon, from 2011 through 2041. To aggregate benefits over time, a 4.0% annual discount rate
is applied. The presented models measure changes in economic welfare to recreational uses of
these Delaware Bay beaches due to changes in beach width and associated losses of housing
structures under various management scenarios. An appendix illustrates parallel results that
incorporate assumed population growth at 1.46% per year; this is the same population growth
experienced in Delaware from 2000 to 2010.

For purposes of the present benefit estimation, four management scenarios are analyzed. These
are described in greater detail below, but may be summarized concisely as:

Scenario 1—Beach Nourishment
Scenario 2—Managed Retreat
Scenario 3—Basic Retreat
Scenario 4—Do Nothing

Each of these scenarios is associated with a distinct sequence of beach profiles, widths and
projected losses of housing structures at each of the seven beaches. This information was used
within a benefit transfer framework to estimate a net present value (sum of discounted values
over all analyzed time periods) of each scenario, at each beach. All benefit changes are
calculated relative to a hypothetical baseline in which 2011 widths are maintained through the
end 2041.

Because time and budget constraints precluded the development and implementation of original
primary research to estimate benefits for all scenarios and beaches, the analysis relies on a
benefit function transfer of a prior recreation demand analysis at the seven beaches. This
primary analysis was sponsored by DNREC and conducted by Parsons et al. (2012).

Parsons et al. (2012) do not present benefit estimates for the four specific management scenarios
summarized above. However, because the original study calculates benefits under alternative
beach widths, we are able to adapt results from this very closely related prior study to forecast
benefit changes for the management scenarios under consideration.

Conceptual Basis for Benefit Estimation

Recreation demand models provide a means to assess the demand for resources used for
recreation, and to estimate the value associated with their use. Resources such as beaches are
usually open to the public free of charge or for a nominal (e.g., parking) fee; the lack of free-
market price information prevents value estimation using market methods. This is the situation at
the seven Delaware Bay beaches studied here. However, individuals do engage in costly travel
and other observable behavior in order to obtain recreation benefits, in addition to paying any



additional costs of parking, access, etc. Data on these behaviors reveal recreationists’ willingness
to tradeoff costly travel, time and resources to obtain recreational experiences at particular sites,
and can be used to estimate associated economic values (Freeman 2003; Holland et al. 2010).

The basic premise underlying these models is that the costs required to travel to and to access a
recreation site (travel costs) are treated like a “price” of the site. Visitors from different origins
travel to visit a site of interest. Because individuals incur different travel costs to visit the site
(i.e., it is more costly for some people to visit the site because they travel greater distances), one
would expect to see different visitation rates. The variation in visitation rates, as influenced by
travel costs, is used to estimate the demand relationships between price (cost to travel to the site)
and quantity consumed (site visits). Within such empirical models, the difference between the
maximum amount that a person or group is willing to pay to visit a particular beach and the
amount actually paid is defined as consumer surplus, and represents a measure of the economic
benefit obtained by consumers (Haab and McConnell 2002).

Conceptually, consumer surplus (CS) may be interpreted as the area under the estimated demand
curve for beach visits and above average travel cost (tc), for a predicted number of trips ¢,
(Figure 1).

$

tc

Demand Curve

»

0 Q Trips

Figure 1. Conceptual Visit Demand and Consumer Surplus for Beach Visits

The analysis of economic benefits in the present case relies on a benefit transfer from a prior
recreation demand analysis of Parsons et al. (2012). Benefit transfer involves adopting or
adapting research conducted elsewhere or for another purpose to address the policy questions at
hand—most often the use of results from existing primary valuation research to predict welfare
estimates for other policy sites at which primary valuation estimates are unavailable (Johnston
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and Rosenberger 2010). The primary advantage of benefit transfer is that it can estimate values
cost-effectively when primary (original) valuation studies are either impractical or infeasible.

Here, the original primary study used as a basis for valuation is a closely related analysis of
recreation demand at the seven Delaware Bay beaches (summarized below) conducted for
DNREQC, in which recreational benefit changes are forecast as a function of average beach width.
Because this is not a specific analysis of the four policy scenarios noted above, the analysis is
characterized as a benefit transfer. However, because the original analysis was specifically
designed to quantify the effect of beach width on recreational benefits for the seven Delaware
Bay beaches, the resulting models represent a near-ideal application of benefit transfer. That is,
benefit estimates are drawn from a prior recreation demand study at the same beaches,
addressing similar types of width changes.

Primary Study Methods and Estimates

As noted above, the benefit estimation relies on an adaptation (or benefit transfer) of prior
economic value estimates for the seven beaches. The complete methods for the original primary
study are detailed by Parsons et al. (2012); this description is not repeated here. Summarizing
these methods, Parsons et al. (2012) estimate both total recreational access values and changes in
access values under alternative widths for (1) Pickering Beach, (2) Kitts Hummock Beach, (3)
Bowers Beach, (4) South Bowers Beach, (5) Slaughter Beach, (6) Primehook Beach, and (7)
Broadkill Beach. These values are estimated based on data collected in 2010 at the seven
beaches. Total access value refers to the total estimated economic value of recreation at each
beach, at the current beach width. The analysis also estimates the change in total access value
that would occur under two alternative scenarios for each beach: (1) if the beach were 25% of its
current average width year-round, and (2) if the beach were 200% of its current average width
year-round.

The original primary study (Parsons et al. 2012) estimates economic values using a two-
component model. The first component is an individual travel cost model that pools revealed
and stated preference data from all seven beaches to estimate an average value (consumer
surplus) per trip under the different beach widths noted above. Distinct values are estimated for
different visitor types (owners vs. non-owners of homes in the seven beach communities), and
visit lengths (day trips, overnight trips). The travel cost model was estimated using a random
effects poisson regression, following standard approaches in recreation demand analysis (Haab
and McConnell 2002). Data were collected from on-site surveys of visitors at each of the seven
beaches.

These data were used to estimate a pooled single-site model over the seven beaches, with the
model specified to correct for on-site sampling (Parsons et al. 2012). The demand for beach
visits at current widths was estimated using data on actual trips (past plus anticipated) and travel
costs for each surveyed visitor in 2010. Demand for visits at alternative widths was estimated
using data from a contingent behavior question asking surveyed visitors how their beach visits
would change, hypothetically, under alternative width scenarios (25% of current average width
and twice current average width for each beach). The resulting demand functions were used to
calculate an average value (consumer surplus) per day, for different trip types and width
scenarios. Table 1 illustrates the resulting per day access value estimates.



Table 1. Predicted Per Day Value—Travel Cost Analysis of Delaware Bay Beaches

Type of Trip Width Per Day Value
Day Trip 25% of Current Width $28.15
Day Trip Current Width $32.87
Day Trip 200% of Current Width $35.47
Overnight Trip 25% of Current Width $31.53
Overnight Trip Current Width $36.82
Overnight Trip 200% of Current Width $39.73

The second model component predicts annual visitation (the number of annual days) at each of
the seven Delaware Bay beaches, using a visitor count prediction model (Parsons et al. 2012).
The tally data model is estimated based on a stratified on-site sample of visitors counted at all
seven beaches from June 2010 to November 2010. Visitors were counted across different times-
of-day, weekend/weekdays, and months to obtain a representative perspective on visitation
across the sample period. These data are used to estimate an econometric, tally (or count) data
model of visitation, which is then used to predict the annual number of visits to each beach.
Specifically, a Hurdle-Poisson model is used to predict the probable count of visitors on each
sampling occasion. These results are then used to forecast annual visitation days to each beach
by owners and non-owners. Additional details on the visitor count and prediction methods are
included in the companion report (Parsons et al. 2012). Table 2 presents these results.

Table 2. Predicted Annual Days Spent Visiting Delaware Bay Beaches

Predicted Days Predicted Days Predicted Days
Beach and Visitor Type During Single-Day During Short During Long

Trips Overnight Trips Overnight Trips
Bowers (non-owners) 3604 697 232
Bowers (owners) 1162 1162 0
Broadkill (non-owners) 4542 6704 4433
Broadkill (owners) 2812 2703 541
Primehook (non-owners) 586 1759 1173
Primehook (owners) 1320 1026 293
Slaughter (non-owners) 5188 2136 813
Slaughter (owners) 1525 1322 102
Pickering (non-owners) 563 241 80
Pickering (owners) 241 80 0
Kitts Hummock (non-owners) 231 347 0
Kitts Hummock (owners) 347 115 0
South Bowers (non-owners) 1146 264 528
South Bowers (owners) 176 176 0

Note:  The average length of a short overnight trip is 2.197 days. The average length of a long overnight trip is

8.621 days.

Total current access value estimates from the primary study are calculated by multiplying
estimated, average per day value under different width conditions (Table 1) by the estimated
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number of annual visit days per beach (Table 2). These results, combined with projections in the
beach nourishment and retreat scenarios detailed below, are used as the basis for subsequent

benefit estimation (benefit transfer).

Table 3 shows the predicted total access values for each studied Delaware Bay beach in 2010,

disaggregated by owners and non-owners of beach community homes.

Table 4 shows the

projected change in those total access values if all beaches were to decline to 25% of their
current width. Table 5 shows the projected change in total access values if all beaches were to

expand to 200% of their current width.

Table 3. Predicted 2010 Total Access Value to Delaware Bay Beaches

2010 Access
.. 2010 Access 2010 Access \{alue Value Long
Beach and Visitor Type . Short Overnight .
Value Day Trips . Overnight
Trips .
Trips
Bowers (non-owners) $118,488 $25,690 $8,563
Bowers (owners) $38,225 $42.817 $0
Broadkill (non-owners) $149,308 $246,865 $163,243
Broadkill (owners) $92.442 $99,546 $19,925
Primehook (non-owners) $19,276 $64,797 $43,205
Primehook (owners) $43,391 $37,807 $10,795
Slaughter (non-owners) $170,532 $78.,668 $29,964
Slaughter (owners) $50,150 $48,703 $3,755
Pickering (non-owners) $18,515 $8.887 $2.964
Pickering (owners) $7,934 $2,964 $0
Kitts Hummock (non-owners) $7,617 $12,799 $0
Kitts Hummock (owners) $11,426 $4.266 $0
South Bowers (non-owners) $37,669 $9,738 $19,476
South Bowers (owners) $5,793 $6,489 $0

Table 4. Predicted Change in Total Access Value to Delaware Bay Beaches at 25% Width

2010 Access
.. 2010 Access 2010 Access \{alue Value Long
Beach and Visitor Type . Short Overnight .
Value Day Trips . Overnight
Trips Trips

Bowers (non-owners) -$17,014 -$3,690 -$1,230
Bowers (owners) -$5,489 -$6,150 $0
Broadkill (non-owners) -$21,440 -$35,462 -$23,450
Broadkill (owners) -$13,274 -$14,300 -$2,862
Primehook (non-owners) -$2,767 -$9,308 -$6,206
Primehook (owners) -$6,230 -$5,431 -$1,550
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Slaughter (non-owners) -$24.,487 -$11,300 -$4,304

Slaughter (owners) -$7,201 -$6,996 -$539
Pickering (non-owners) -$2.658 -$1,276 -$425
Pickering (owners) -$1,139 -$425 $0
Kitts Hummock (non-owners) -$1,093 -$1,838 $0
Kitts Hummock (owners) -$1,640 -$612 $0
South Bowers (non-owners) -$5,409 -$1,398 -$2,797
South Bowers (owners) -$831 -$932 $0

Table 5. Predicted Change in Total Access Value to Delaware Bay Beaches at 200% Width

2010 Access
.. 2010 Access 2010 Access \{alue Value Long
Beach and Visitor Type . Short Overnight .
Value Day Trips . Overnight
Trips .
Trips
Bowers (non-owners) $9,372 $2,032 $677
Bowers (owners) $3,023 $3,387 $0
Broadkill (non-owners) $11,810 $19,531 $12,915
Broadkill (owners) $7,312 $7,876 $1,576
Primehook (non-owners) $1,524 $5,126 $3,418
Primehook (owners) $3,432 $2,991 $854
Slaughter (non-owners) $13,489 $6,224 $2,370
Slaughter (owners) $3,966 $3,853 $297
Pickering (non-owners) $1,464 $703 $234
Pickering (owners) $627 $234 $0
Kitts Hummock (non-owners) $602 $1,012 $0
Kitts Hummock (owners) $903 $337 $0
South Bowers (non-owners) $2,979 $770 $1,540
South Bowers (owners) $458 $513 $0

At zero beach width, all recreational activity is assumed to cease at all beaches, and all values are
assumed to become zero. The three estimated value points for each beach—combined with an
inferred zero value that would occur with no beach (zero width)—provide the basis for a
piecewise linear valuation function that is used to project benefit gains or losses at each beach as
a function of width. That is, for each beach and user group (owners versus non-owners), we
interpolate linearly (i.e., draw a line between) between values calculated at zero width, 25% of
current width, 100% of current width and 200% of current width. This enables a prediction of
recreational value at any possible width. This prediction is used as the foundation for the benefit
transfer described below.

Nourishment and Retreat Scenarios
For purposes of the present analysis, four representative beach nourishment and retreat scenarios
are considered. These are summarized below. Key parameters of interest for the recreational
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benefit models are the average beach width and number of housing structures affected. Four
management scenarios are analyzed. These are described in greater detail below, but may be
summarized as:

Scenario 1—Beach Nourishment
Scenario 2—Managed Retreat
Scenario 3—Basic Retreat
Scenario 4—Do Nothing



SCENARIO 1 Beach Nourishment

2011 Existing

Number of Conditions 2011 Beach 2011 No. of | 2021 Beach 2021 No. of 2031 Beach 2041 Beach
Community Width (Dry) - | Width (Dry)- | Structures | Width (Dry) - | Structures | Width (Dry)- | 2031 No.of |Width (Dry)-| 2041 No. of
Beach Community Structures Feet Feet Lost Feet Lost Feet Structures Lost Feet Structures Lost

Pickering Beach 44 38 174 0 174 0 174 0 174 0
Kitts Hummock 122 29 163.5 0 163.5 0 163.5 0 163.5 0
Bowers Beach 'A’ 60

354 150 0 150 0 150 0 150 0
Bowers Beach 'B' 41
South Bowers 'A’ 31

84 125 0 125 0 125 0 125 0
South Bowers 'B' 37
Slaughter Beach 'A’ 13
Slaughter Beach 'B' 40

372 109 0 109 0 109 0 109 0
Slaughter Beach 'C' 53
Slaughter Beach 'D' 40
Primehook Beach 'A' 21
Primehook Beach 'B' 195 41 108 0 108 0 108 0 108 0
Primehook Beach 'C' 20
Broadkill Beach 'A’ 82
Broadkill Beach 'B' 62
Broadkill Beach 'C’ 592 27 123 0 123 0 123 0 123 0
Broadkill Beach 'D’ 59
Broadkill Beach 'E' 76

Figure 2. Beach Management Scenario 1—Average Dry Beach Width and Structures Lost




SCENARIO 2 Strategic Retreat

2011 Existing

Number of Conditions 2011 Beach | 2011 No. of 2021 Beach 2021 No. of 2031 Beach 2031 No. of 2041 Beach | 2041 No. of
Community Width (Dry) - |Width (Dry) -| Structures | Width (Dry)- | Structures | Width (Dry)- | Structures | Width (Dry)- | Structures
Beach Community Structures Feet Feet Lost Feet Lost Feet Lost Feet Lost

Pickering Beach 44 38 174 38 125 1 76 0 27 0
Kitts Hummock 122 29 163.5 52 163.5 10 163.5 9 163.5 1
Bowers Beach 'A’ 60

354 150 35 150 4 150 2 150 2
Bowers Beach 'B' 41
South Bowers 'A’ 31

84 125 8 125 2 125 1 125 1
South Bowers 'B' 37
Slaughter Beach 'A’ 13
Slaughter Beach 'B' 40

372 109 5 109 5 109 14 109 21
Slaughter Beach 'C' 53
Slaughter Beach 'D’ 40
Primehook Beach 'A’ 21
Primehook Beach 'B' 195 41 108 63 108 0 108 0 108 0
Primehook Beach 'C' 20
Broadkill Beach 'A' 82
Broadkill Beach 'B' 62
Broadkill Beach 'C' 592 27 123 92 123 24 123 39 123 24
Broadkill Beach 'D' 59
Broadkill Beach 'E’ 76

Figure 3. Beach Management Scenario 2—Average Dry Beach Width and Structures Lost




SCENARIO 3 Basic Retreat

2011 Existing
Number of Conditions 2011 Beach 2011 No. of 2021 Beach |2021 No.of| 2031Beach |2031No.of| 2041 Beach | 2041 No. of
Community Width (Dry) - | Width (Dry) - Structures | Width (Dry) - | Structures | Width (Dry) - | Structures | Width (Dry) - | Structures
Beach Community Structures Feet Feet Lost (NET) Feet Lost (NET) Feet Lost (NET) Feet Lost (NET)
Pickering Beach 44 38 38 0 38 10 38 27 38 1
Kitts Hummock 122 29 29 0 29 9 29 18 29 24
Bowers Beach 'A' 60 60 60 60 60
354 0 4 5 | 8
Bowers Beach 'B' 41 41 41 41 41
South Bowers 'A' 31 31 31 31 31
84 0 1 4 2
South Bowers 'B' 37 37 37 37 37
Slaughter Beach 'A’ 13 13 13 13 13
Slaughter Beach 'B' 40 40 40 40 40
EESSaaSesssesssesssssssenssenseey 372 0 0 0 4
Slaughter Beach 'C’ 53 53 53 53 53
Slaughter Beach 'D’ 40 40 40 40 40
Primehook Beach 'A’ 21 21 21 21 21
Primehook Beach 'B' 195 41 41 0 41 1 41 6 41 5
Primehook Beach 'C' 20 20 20 20 20
Broadkill Beach 'A' 82 82 82 82 82
Broadkill Beach 'B’ 62 62 62 62 62
Broadkill Beach 'C' 592 27 27 2 27 53 27 36 27 25
Broadkill Beach 'D' 59 59 59 59 59
Broadkill Beach 'E' 76 76 76 76 76

Figure 4. Beach Management Scenario 3—Average Dry Beach Width and Structures Lost
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SCENARIO 4 Do Nothing

2011 Existing
Number of Conditions 2011 Beach 2011 No. of | 2021Beach |2021No.of| 2031Beach |2031No.of| 2041Beach | 2041 No. of
Community Width (Dry) - | Width (Dry) - Structures | Width (Dry) - | Structures | Width (Dry) - | Structures | Width (Dry) - | Structures
Beach Community Structures Feet Feet Lost (NET) Feet Lost (NET) Feet Lost (NET) Feet Lost (NET)
Pickering Beach 44 38 38 0 0 2 0 14 0 22
Kitts Hummock 122 29 29 0 0 0 0 13 0 18
Bowers Beach 'A' 60 60 40 19 5
354 0 0 D 2
Bowers Beach 'B' 41 41 21 2 0
South Bowers 'A' 31 31 30 28 26
84 0 0 1 2
South Bowers 'B' 37 37 11 1 0
Slaughter Beach 'A' 13 13 0 0 0
Slaughter Beach 'B’ 40 40 20 3 0
372 0 0 0 [ 0
Slaughter Beach 'C’ 53 53 33 13 0
Slaughter Beach 'D' 40 40 20 2 0
Primehook Beach 'A’ 21 21 6 1 1
Primehook Beach 'B' 195 41 41 0 41 0 a1 0 a1 4
Primehook Beach 'C’ 20 20 20 20 20
Broadkill Beach 'A’ 82 82 52 22 0
Broadkill Beach 'B' 62 62 31 4 0
Broadkill Beach 'C' 592 27 27 0 5 4 0 12 0 33
Broadkill Beach 'D' 59 59 29 3 0
Broadkill Beach 'E' 76 76 46 16 0

Figure 5. Beach Management Scenario 4—Average Dry Beach Width and Structures Lost
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These management scenarios may be summarized as follows: Scenario 1 replenishes sand on
each beach to reach new, expanded widths between 176% and 563% of current 2011 widths,
depending on the beach considered. Sand is then added as needed to maintain these average
widths. Scenario 2 is a strategic retreat option, in which houses are strategically removed to
provide a wider beach profile (similar in width to Scenario 1). Beaches then retreat naturally,
maintaining current average widths as they retreat landward. No nourishment or re-grading
activities occur. Scenario 3 is a basic retreat option, in which the beach retreats naturally and
houses are removed as needed to accommodate this landward retreat. Under this scenario, the
current width of the beach is maintained as the beach retreats landward. No nourishment or re-
grading activities occur. Scenario 4 is the “do nothing” scenario, in which beaches retreat but
houses are not removed by the State. Because structures are not removed, the natural retreat of
the beach is interrupted, and beach widths decline. Many of these average widths reach zero
before 2041.

Benefit Transfer Methods

Estimation of recreational benefits occurs over the time period 2011 — 2041. As 2011 occurs in
the past, no value changes are forecast for this year; it is the baseline from which value changes
in other years are calculated. Values for 2011 are assumed to be identical to values estimated for
2010. From 2012 to 2041, recreational benefit changes are estimated as a function of
information in Tables 1 — 3, and Figures 2 — 5.

Steps in the benefit transfer are summarized as follows:

1. Using information from aerial photographs and the number of projected 200 ft. beach
segments per beach section (e.g., Bowers Beach A, Bowers Beach B), a weighted average
(dry) beach width for each of the seven beaches was calculated. Dry beach width is used
for the calculation, because this is the best representation of the “usable recreational
beach.”  The same calculation is done for all beaches under all scenarios.

The weighted average adjusts for the fact that the lengths of each beach segment reported
in Figures 2 — 5 are not equal. It therefore provides the best approximation of the average
annual beach width over its entire length. For beaches with only a single section, the
widths listed in Figures 2 — 5 are used as the average width.

2. Step one provides average annual beach widths for each of the seven beaches, under four
scenarios, for each of 2011, 2021, 2031 and 2041. Piecewise linear interpolation is then
used to obtain predicted average widths for all intervening years. This provides a
forecast of average width for each beach, during each year, under each management
scenario.

Figure 6 provides an example of this interpolation for Slaughter Beach under Scenario 4.
Bold points represent predicted widths in 2011, 2021, 2031 and 2041. Other widths are
interpolated between these anchors.
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Example Mean Beach Width Interpolation: Slaughter Scenario 4
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Figure 6. Predicted Mean Beach Widths: Slaughter Beach, Scenario 4

3. A parallel piecewise linear interpolation is used to project housing structure losses for
each year, based on information in Figures 2 — 5.

Figure 7 provides an example of this interpolation for Kitts Hummock Beach under
Scenario 4. Bold points represent predicted total structures lost by 2011, 2021, 2031 and
2041. Other widths are interpolated between these anchors.
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Figure 7. Predicted Total Structures Lost: Kitts Hummock, Scenario 4

4. For each beach, information in tables 3 - 5 provides total access values under (1) current
width, (2) 25% width, and (3) 200% width. Total access value at zero width is assumed
to be zero. From these data points, piecewise linear interpolation is used to forecast
values for all possible beach widths, at each beach. For widths beyond 200%, the linear
slope between the current value (100%) and the value at 200% width is assumed to
continue.

Figure 8 provides an example of this interpolation for Bowers Beach. The figure shows
the change in total day trip value for non-owners at different proportional widths. By
definition, at 100% (the current width), there is no change in value from the current
situation. At widths >100% of current width, there is a positive change in value. At
widths <100% of current width, there is a negative change in value. At 0% width (no
beach), all access value is lost.
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Bowers Beach Day Trip Change in Value: Non-Owners
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Figure 8. Predicted Change in Access Value at Different Beach Widths: Day Trips
to Bowers Beach by Non-Owners

5. Combining the outputs of steps two (predicted width at each year, for each beach, under
each scenario) and four (predicted value at any width, at each beach), the model predicts
recreational access value for all beaches, under each management scenario, for all years
between 2011 — 2041.

6. From recreational values predicted in step five, an additional adjustment is made to
account for the loss of housing structures. The number of trips by owners and by non-
owners on overnight trips is assumed to decline in direct proportion with the loss of
housing structures. This is because both groups rely on beach community housing during
their visits. We make the simplifying assumption that an X% loss of beach community
houses will lead to an X% decline in the number of visits requiring local housing (i.e.,
visits by owners and overnight visits by non-owners). Day trips by non-owners are not
affected. This assumption, combined with the linear interpolation of structure losses in
step three, is used to further adjust recreational values from step five to account for
housing structure losses.

7. All values are discounted at a 4% annual discount rate to account for the time value of
returns (e.g., $1 of benefit received in the future is worth less than $1 of benefit received
today). This enables benefits in different time periods to be directly compared. The sum
of all discounted benefits over all time periods (from 2011 to 2041) is defined as the net
present value of the management scenario.'

! Assuming that time is counted in discrete units and discounting is calculated accordingly, a simple formula for the
present value (PV) of a future payment of $X—what that future payment is worth today—is given by:
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8. The benefit of each scenario is presented relative to a hypothetical baseline in which the
2011 width is maintained for each beach until 2041. All scenarios assume zero
population growth. An appendix illustrates parallel results that incorporate assumed
population growth at 1.46% per year; this is the same population growth experienced in
Delaware from 2000 to 2010.

Results

Results of the recreational benefits analysis are presented below. Table 6 shows the combined
summary of net present values. This is the net benefit of each management scenario, relative to a
hypothetical situation in which the 2011 beach width is maintained indefinitely. Reported results
account for projected changes in both beach widths and housing structures as described above.

$X

PV = (1+r)t
where r is the discount rate per time period in decimal notation (i.e., 6% = 0.06) and ¢ is the number of periods into
the future when the payment will be received. Using this formula, a discount rate of 6 percent means that a dollar to
be received next year is worth 94.3 cents today, and a dollar to be received 20 years in the future is worth 31.2 cents
today. Adding up all the (discounted) future benefits and costs associated with a project, over all time periods,
results in the net present value (NPV) of the project.
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Table 6. Net Present Recreational Value of Beach Management Alternatives, 2011-2041
(4% discount rate; compared to maintaining constant 2011 beach widths)

Beach and Visitor Type Scenario 1 Scenario 2 Scenario 3 Scenario 4
Bowers (owners) $190,609 $19,707 -$22,523 -$209,614
Bowers (non-owners) $370,764 $296,206 -$9,825 -$402,061
Bowers (total) $561,373 $315,914 -$32,349 -$611,675
Broadkill (owners) $251,304 -$591,174 -$359,389 -$829,680
Broadkill (non-owners) $585,236 -$1,032,852 -$695,509 -$8,062,889
Broadkill (total) $836,541 -$1,624,027 -$1,054,898 -$8,892,570
Primehook (owners) $438,707 -$262,533 -$29,341 -$53,591
Primehook (non-owners) $526,972 -$230,370 -$34,446 -$73,432
Primehook (total) $965,679 -$492,903 -$63,787 -$127,023
Slaughter (owners) $224,058 $123,911 -$2,114 -$426,840
Slaughter (non-owners) $579,431 $482,224 -$2,238 -$1,161,274
Slaughter (total) $803,490 $606,136 -$4,353 -$1,588,114
Pickering (owners) $53,356 -$162,330 -$67,121 -$121,125
Pickering (non-owners) $148,673 -$126,302 -$84,112 -$336,675
Pickering (total) $202,030 -$288,633 -$151,234 -$457,801
Kitts Hummock (owners) $99,559 -$91,980 -$36,545 -$172,473
Kitts Hummock (non-owners) $129,540 -$26,687 -$29,806 -$224,392
Kitts Hummock (total) $229,100 -$118,668 -$66,352 -$396,866
South Bowers (owners) $44,972 $14,380 -$6,341 -$16,758
South Bowers (non-owners) $244,880 $172,117 -$15,083 -$87,115
South Bowers (total) $289,852 $186,497 -$21,424 -$103,874

TOTAL ALL BEACHES $3,888,068 -$1,415,683 -$1,394,400 -$12,177,926

As noted above, these net present values account both for changes in beach widths and losses in
recreational values due to the loss of housing structures (i.e., so that the number of recreational
visits by owners declines). As shown above, net discounted benefits vary across beaches, with
the largest average changes realized at Broadkill and Slaughter beaches, and the smallest changes
realized at South Bowers and Pickering. Benefits also differ between owners and non-owners of
homes in each beach community, with somewhat larger total changes to the benefits of non-
owners. This reflects the balance of visitors—with a greater proportion of visits coming from
NON-owners.
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While table 6 illustrates net discounted benefits relative to a hypothetical scenario in which 2011
beach widths are maintained indefinitely, it is also possible to calculate benefits relative to other
possible baselines. For example, table 7 calculates net present values compared to a baseline of
Scenario 4 (Do Nothing). This shows how the benefits realized under Scenarios 1, 2 and 3 differ

from those that would be realized under a “do nothing” scenario.

Table 7. Net Present Recreational Value of Beach Management Alternatives, 2011-2041
(4% discount rate; compared to Scenario 4—Do Nothing)

Beach and Visitor Type Scenario 1 Scenario 2 Scenario 3 Scenario 4
Bowers (owners) $400,223 $229,321 $187,090 $0
Bowers (non-owners) $772,825 $698,268 $392,235 $0
Bowers (total) $1,173,049 $927,589 $579,326 $0
Broadkill (owners) $1,080,985 $238,505 $470,291 $0
Broadkill (non-owners) $8,648,126 $7,030,037 $7,367,380 $0
Broadkill (total) $9,729,112 $7,268,543 $7,837,672 $0
Primehook (owners) $492,298 -$208,941 $24,250 $0
Primehook (non-owners) $600,405 -$156,938 $38,985 $0
Primehook (total) $1,092,703 -$365,879 $63,235 $0
Slaughter (owners) $650,898 $550,751 $424,725 $0
Slaughter (non-owners) $1,740,705 $1,643,499 $1,159,035 $0
Slaughter (total) $2,391,604 $2,194,250 $1,583,761 $0
Pickering (owners) $174,482 -$41,204 $54,003 $0
Pickering (non-owners) $485,349 $210,373 $252,563 $0
Pickering (total) $659,832 $169,168 $306,567 $0
Kitts Hummock (owners) $272,032 $80,492 $135,927 $0
Kitts Hummock (non-owners) $353,933 $197,705 $194,586 $0
Kitts Hummock (total) $625,966 $278,198 $330,513 $0
South Bowers (owners) $61,730 $31,139 $10,417 $0
South Bowers (non-owners) $331,995 $259,232 $72,032 $0
South Bowers (total) $393,726 $290,372 $82,449 $0

TOTAL ALL BEACHES $16,065,994 $10,762,242 $10,783,525 $0
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Net present values may also be disaggregated by year, for each beach. This is shown in tables 8
through 14, again compared to a baseline in which 2011 widths are maintained indefinitely.

Table 8. Bowers Beach: Discounted Annual Recreational Values of Beach Management
Alternatives, 2011-2041 (4% discount rate; compared to maintaining constant
2011 beach widths)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4

2011 $0 $0 $0 $0
2012 $31,215 $18,849 -$122 -$1,605
2013 $30,015 $17,990 -$235 -$3,086
2014 $28,860 $17,169 -$339 -$4,451
2015 $27,750 $16,384 -$435 -$5,706
2016 $26,683 $15,635 -$523 -$6,857
2017 $25,657 $14,918 -$604 -$7,911
2018 $24,670 $14,234 -$677 -$8,874
2019 $23,721 $13,581 -$744 -$9,750
2020 $22,808 $12,956 -$805 -$10,546
2021 $21,931 $12,360 -$860 -$11,265
2022 $21,088 $11,837 -$931 -$11,934
2023 $20,277 $11,336 -$994 -$12,534
2024 $19,497 $10,857 -$1,052 -$13,070
2025 $18,747 $10,397 -$1,103 -$13,546
2026 $18,026 $9,957 -$1,149 -$13,966
2027 $17,332 $9,535 -$1,190 -$14,333
2028 $16,666 $9,131 -$1,226 -$14,651
2029 $16,025 $8,744 -$1,258 -$14,923
2030 $15,408 $8,373 -$1,285 -$15,153
2031 $14,816 $8,018 -$1,308 -$14,260
2032 $14,246 $7,678 -$1,370 -$20,307
2033 $13,698 $7,352 -$1,424 -$25,864
2034 $13,171 $7,039 -$1,473 -$30,960
2035 $12,665 $6,740 -$1,516 -$35,623
2036 $12,177 $6,454 -$1,553 -$39,879
2037 $11,709 $6,179 -$1,585 -$43,751
2038 $11,259 $5,916 -$1,613 -$47,263
2039 $10,826 $5,665 -$1,636 -$50,438
2040 $10,409 $5,423 -$1,654 -$53,296
2041 $10,009 $5,192 -$1,669 -$55,857
NPV $561,373 $315,914 -$32,349 -$611,675
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Table 9. Broadkill Beach: Discounted Annual Recreational Values of Beach
Management Alternatives, 2011-2041 (4% discount rate; compared to
maintaining constant 2011 beach widths)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4

2011 $0 $0 $0 -$410,106
2012 $46,516 -$52,310 -$2,020 -$397,295
2013 $44,727 -$53,046 -$7,664 -$384,860
2014 $43,007 -$53,647 -$12,862 -$372,792
2015 $41,353 -$54,124 -$17,657 -$361,082
2016 $39,762 -$54,494 -$22,065 -$349,718
2017 $38,233 -$54,755 -$26,107 -$338,693
2018 $36,762 -$54,916 -$29,806 -$327,997
2019 $35,348 -$54,984 -$33,181 -$317,621
2020 $33,989 -$54,964 -$36,253 -$307,556
2021 $32,681 -$54,866 -$39,040 -$297,884
2022 $31,424 -$55,586 -$39,995 -$288,365
2023 $30,216 -$56,169 -$40,820 -$279,218
2024 $29,054 -$56,625 -$41,521 -$270,343
2025 $27,936 -$56,963 -$42,109 -$261,734
2026 $26,862 -$57,192 -$42,589 -$253,385
2027 $25,829 -$57,318 -$42.971 -$245,286
2028 $24,835 -$57,351 -$43,260 -$237,432
2029 $23,880 -$57,295 -$43,463 -$229,817
2030 $22,961 -$57,160 -$43,587 -$239,373
2031 $22,078 -$56,950 -$43,637 -$252,310
2032 $21,229 -$55,936 -$43,111 -$252,481
2033 $20,413 -$54,916 -$42,562 -$252,204
2034 $19,627 -$53,892 -$41,990 -$251,517
2035 $18,873 -$52,865 -$41,400 -$250,452
2036 $18,147 -$51,837 -$40,793 -$249,037
2037 $17,449 -$50,811 -$40,172 -$247,313
2038 $16,778 -$49,786 -$39,537 -$245,304
2039 $16,132 -$48,766 -$38,893 -$243,035
2040 $15,512 -$47,750 -$38,239 -$240,531
2041 $14,915 -$46,740 -$37,578 -$237,815
NPV $836,541 -$1,624,027 -$1,054,898 -$8,892,570

20



Table 10. Slaughter Beach: Discounted Annual Recreational Values of Beach
Management Alternatives, 2011-2041 (4% discount rate; compared to
maintaining constant 2011 beach widths)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4

2011 $0 $0 $0 $0
2012 $44,678 $40,645 $0 -$3,198
2013 $42,960 $38,759 $0 -$6,150
2014 $41,308 $36,957 $0 -$8,870
2015 $39,719 $35,237 $0 -$11,372
2016 $38,191 $33,595 $0 -$13,669
2017 $36,722 $32,021 $0 -$15,772
2018 $35,310 $30,519 $0 -$17,693
2019 $33,952 $29,085 $0 -$19,442
2020 $32,646 $27,717 $0 -$21,031
2021 $31,390 $26,410 $0 -$22,470
2022 $30,183 $24,817 $0 -$23,501
2023 $29,022 $23,306 $0 -$24,419
2024 $27,906 $21,876 $0 -$25,232
2025 $26,832 $20,520 $0 -$25,946
2026 $25,800 $19,237 $0 -$26,568
2027 $24,808 $18,022 $0 -$27,104
2028 $23,854 $16,872 $0 -$27,559
2029 $22,936 $15,784 $0 -$42,705
2030 $22,054 $14,755 $0 -$65,834
2031 $21,206 $13,781 $0 -$87,121
2032 $20,390 $12,666 -$99 -$92,146
2033 $19,606 $11,615 -$191 -$96,657
2034 $18,852 $10,627 -$276 -$100,684
2035 $18,127 $9,698 -$354 -$104,258
2036 $17,430 $8,824 -$426 -$107,408
2037 $16,759 $8,004 -$491 -$110,162
2038 $16,115 $7,233 -$551 -$112,545
2039 $15,495 $6,510 -$605 -$114,582
2040 $14,899 $5,831 -$655 -$116,295
2041 $14,326 $5,196 -$700 -$117,708
NPV $803,490 $606,136 -$4,353 -$1,588,114
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Table 11. Primehook Beach: Discounted Annual Recreational Values of Beach
Management Alternatives, 2011-2041 (4% discount rate; compared to
maintaining constant 2011 beach widths)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4

2011 $0 $0 $0 $0
2012 $53,324 -$27,408 -$98 -$738
2013 $51,273 -$26,354 -$189 -$1,420
2014 $49,301 -$25,340 -$273 -$2,048
2015 $47,405 -$24,365 -$350 -$2,626
2016 $45,581 -$23,428 -$421 -$3,156
2017 $43,828 -$22,527 -$486 -$3,642
2018 $42,143 -$21,661 -$545 -$4,086
2019 $40,522 -$20,828 -$599 -$4,490
2020 $38,963 -$20,027 -$648 -$4,857
2021 $37,464 -$19,256 -$692 -$5,189
2022 $36,024 -$18,516 -$1,065 -$5,156
2023 $34,638 -$17,803 -$1,409 -$5,117
2024 $33,306 -$17,119 -$1,724 -$5,074
2025 $32,025 -$16,460 -$2,013 -$5,027
2026 $30,793 -$15,827 -$2,277 -$4,976
2027 $29,609 -$15,218 -$2,518 -$4,921
2028 $28,470 -$14,633 -$2,737 -$4,863
2029 $27,375 -$14,070 -$2,936 -$4,803
2030 $26,322 -$13,529 -$3,115 -$4,739
2031 $25,309 -$13,009 -$3,276 -$4,674
2032 $24,336 -$12,508 -$3,375 -$4,666
2033 $23,400 -$12,027 -$3,462 -$4,651
2034 $22,500 -$11,565 -$3,537 -$4,631
2035 $21,635 -$11,120 -$3,601 -$4,606
2036 $20,802 -$10,692 -$3,654 -$4,575
2037 $20,002 -$10,281 -$3,699 -$4,540
2038 $19,233 -$9,885 -$3,734 -$4,501
2039 $18,493 -$9,505 -$3,762 -$4,458
2040 $17,782 -$9,140 -$3,782 -$4,412
2041 $23,808 -$8,788 -$3,794 -$4,363
NPV $965,679 -$492,903 -$63,787 -$127,023
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Table 12. South Bowers Beach: Discounted Annual Recreational Values of Beach
Management Alternatives, 2011-2041 (4% discount rate; compared to
maintaining constant 2011 beach widths)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4

2011 $0 $0 $0 $0
2012 $16,117 $11,512 -$47 -$578
2013 $15,497 $10,948 -$91 -$1,113
2014 $14,901 $10,409 -$131 -$1,605
2015 $14,328 $9,896 -$168 -$2,058
2016 $13,777 $9,408 -$203 -$2,473
2017 $13,247 $8,942 -$234 -$2,854
2018 $12,737 $8,493 -$262 -$3,202
2019 $12,247 $8,070 -$288 -$3,518
2020 $11,776 $7,663 -$312 -$3,806
2021 $11,323 $7,279 -$333 -$4,066
2022 $10,888 $6,960 -$449 -$4,113
2023 $10,469 $6,655 -$555 -$4,150
2024 $10,066 $6,363 -$652 -$4,178
2025 $9,679 $6,084 -$741 -$4,197
2026 $9,307 $5,817 -$822 -$4,209
2027 $8,949 $5,561 -$896 -$4,213
2028 $8,605 $5,316 -$963 -$4,211
2029 $8,274 $5,082 -$1,024 -$4,202
2030 $7,956 $4,858 -$1,078 -$4,188
2031 $7,650 $4,644 -$1,127 -$4,168
2032 $7,355 $4,439 -$1,127 -$4,076
2033 $7,072 $4,243 -$1,125 -$3,984
2034 $6,800 $4,056 -$1,122 -$3,893
2035 $6,539 $3,876 -$1,117 -$3,804
2036 $6,287 $3,705 -$1,111 -$3,715
2037 $6,045 $3,541 -$1,104 -$3,627
2038 $5,813 $3,384 -$1,096 -$3,541
2039 $5,589 $3,234 -$1,087 -$3,456
2040 $5,374 $3,090 -$1,077 -$3,372
2041 $5,168 $2,953 -$1,066 -$3,289
NPV $289,852 $186,497 -$21,424 -$103,874
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Table 13. Kitts Hummock Beach: Discounted Annual Recreational Values of Beach
Management Alternatives, 2011-2041 (4% discount rate; compared to
maintaining constant 2011 beach widths)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4

2011 $0 $0 $0 $0
2012 $12,739 -$3,222 -$202 -$664
2013 $12,249 -$3,426 -$388 -$1,278
2014 $11,778 -$3,609 -$560 -$1,844
2015 $11,325 -$3,773 -$718 -$2,364
2016 $10,889 -$3,919 -$863 -$2,841
2017 $10,470 -$4,048 -$996 -$3,279
2018 $10,068 -$4,162 -$1,118 -$3,678
2019 $9,680 -$4,261 -$1,228 -$8,308
2020 $9,308 -$4,348 -$1,329 -$16,679
2021 $8,950 -$4,420 -$1,419 -$24,394
2022 $8,606 -$4,437 -$1,638 -$23,456
2023 $8,275 -$4,446 -$1,837 -$22,554
2024 $7,956 -$4,447 -$2,019 -$21,686
2025 $7,650 -$4.,442 -$2,184 -$20,852
2026 $7,356 -$4,431 -$2,334 -$20,050
2027 $7,073 -$4,414 -$2,468 -$19,279
2028 $6,801 -$4,391 -$2,589 -$18,537
2029 $6,540 -$4,364 -$2,697 -$17,824
2030 $6,288 -$4,333 -$2,793 -$17,139
2031 $6,046 -$4,297 -$2,877 -$16,480
2032 $5,814 -$4,146 -$3,013 -$15,846
2033 $5,590 -$4,000 -$3,133 -$15,236
2034 $5,375 -$3,859 -$3,240 -$14,650
2035 $5,168 -$3,723 -$3,334 -$14,087
2036 $4,969 -$3,592 -$3,416 -$13,545
2037 $4,778 -$3,465 -$3,487 -$13,024
2038 $4,594 -$3,343 -$3,547 -$12,523
2039 $4,418 -$3,225 -$3,598 -$12,041
2040 $4,248 -$3,111 -$3,639 -$11,578
2041 $4,084 -$3,001 -$3,672 -$11,133
NPV $229,100 -$118,668 -$66,352 -$396,866
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Table 14. Pickering Beach: Discounted Annual Recreational Values of Beach
Management Alternatives, 2011-2041 (4% discount rate; compared to
maintaining constant 2011 beach widths)

Year Scenario 1 Scenario 2 Scenario 3 Scenario 4

2011 $0 $0 $0 $0
2012 $11,234 -$13,008 -$445 -$908
2013 $10,802 -$12,801 -$856 -$1,740
2014 $10,386 -$12,589 -$1,235 -$2,502
2015 $9,987 -$12,374 -$1,583 -$3,198
2016 $9,602 -$12,156 -$1,903 -$3,832
2017 $9,233 -$11,935 -$2,196 -$4,407
2018 $8,878 -$11,712 -$2,463 -$4,928
2019 $8,536 -$11,488 -$2,707 -$10,125
2020 $8,208 -$11,267 -$2,928 -$19,402
2021 $7,892 -$11,041 -$3,129 -$27,878
2022 $7,589 -$10,756 -$3,858 -$26,806
2023 $7,297 -$10,477 -$4,527 -$25,775
2024 $7,016 -$10,203 -$5,139 -$24,783
2025 $6,746 -$9,935 -$5,697 -$23,830
2026 $6,487 -$9,672 -$6,204 -$22,914
2027 $6,237 -$9,415 -$6,664 -$22,032
2028 $5,997 -$9,164 -$7,080 -$21,185
2029 $5,767 -$8,917 -$7,453 -$20,370
2030 $5,545 -$8,677 -$7,788 -$19,587
2031 $5,332 -$8.,441 -$8,085 -$18,833
2032 $5,127 -$8,211 -$7,859 -$18,109
2033 $4,929 -$7,986 -$7,638 -$17,412
2034 $4,740 -$7,766 -$7,423 -$16,743
2035 $4,557 -$7,551 -$7,213 -$16,099
2036 $4,382 -$7,342 -$7,008 -$15,479
2037 $4,214 -$7,137 -$6,808 -$14,884
2038 $4,052 -$6,937 -$6,613 -$14,312
2039 $3,896 -$6,742 -$6,423 -$13,761
2040 $3,746 -$6,552 -$6,238 -$13,232
2041 $3,602 -$6,366 -$6,058 -$12,723
NPV $202,030 -$288,633 -$151,234 -$457,801

As shown by these tables, the largest discounted recreational benefit changes under Scenarios 1
and 2 usually (but not always) occur close to the present, and then decline into the future. This is
due to the large increase in beach width that occurs in 2012, under both scenarios. The opposite
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pattern applies to benefit changes realized under Scenarios 3 and 4—the largest losses of net
discounted benefits occur further into the future.

Summary and Conclusions

This report summarizes methods and results for an analysis of recreational benefit changes (gains
or losses) under four proposed Delaware Department of Natural Resources and Environmental
Control (DNREC) beach nourishment and retreat scenarios. These estimates reflect the
projected economic benefits of beach recreation gained or lost by recreational visitors to seven
Delaware Bay beaches: (1) Pickering, (2) Kitts Hummock, (3) Bowers, (4) South Bowers, (5)
Slaughter, (6) Primehook, and (7) Broadkill. Benefits are calculated for a thirty year time
horizon, from 2011 through 2041. A 4.0% annual discount rate is applied. The presented
models measure changes in economic welfare to recreational uses of these Delaware Bay
beaches due to changes in beach width and associated losses of housing structures under four
management scenarios.

The analysis relies on a benefit function transfer of a prior recreation demand analysis at the
seven Bay beaches. This primary analysis was sponsored by DNREC and conducted by Parsons
et al. (2012), and was specifically designed to evaluate changes in recreational benefits at
different beach widths. Hence, it is an ideal study for the recreational benefit analysis conducted
here. However, because Parsons et al. (2012) does not evaluate the four specific beach
management scenarios described above, benefit transfer approaches are required. These
approaches interpolate across the value estimates generated by Parsons et al (2012) to provide
results needed for the present analysis. The benefit transfer also further adjusts these results to
account for the impact of projected housing losses on recreational benefits realized by owners of
community homes.

Compared to a hypothetical baseline scenario in which current beach widths are maintained
indefinitely, the present value of recreational benefit changes for the seven Delaware Bay
beaches are $3,888,068.10 under Scenario 1 (nourishment), -$1,415,683.53 under Scenario 2
(strategic retreat), -$1,394,400.64 under Scenario 3 (basic retreat), and -$12,177,926.10 under
scenario 4 (do nothing). This presumes a 4% discount rate, and accounts for both recreational
value changes due to the change in beach width and the potential loss of housing structures under
some management scenarios. Compared to the “do nothing” scenario (Scenario 4), the present
value of recreational benefit changes for the seven Delaware Bay beaches are $16,065,994.20
under Scenario 1 (nourishment), $10,762,242.57 under Scenario 2 (strategic retreat), and
$10,783,525.45 under Scenario 3 (basic retreat). Net discounted benefits vary across different
beaches, with the largest average changes realized at Broadkill and Slaughter beaches, and the
smallest changes realized at South Bowers and Pickering. Benefits also differ between owners
and non-owners of homes in each beach community, with somewhat larger total changes to the
benefits of non-owners.

Some caveats should be considered when interpreting these results. First, although the close
relationship between the study of Parsons et al. (2012) and the present benefits analysis leads to a
nearly ideal situation for benefit transfer, any benefit transfer has the potential for error (Johnston
and Rosenberger 2010). This should be considered when interpreting results. Second, the
presented recreational benefit estimates are based on average annual width and housing change
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projections in Figure 2-5, and do not account for uncertainty, intra-annual variations or width
variations across the entire beach profile. Presented benefit estimates are also contingent upon
the various assumptions and methods detailed above, as well as on the underlying validity of the
original value estimates in Parsons et al. (2012). Third, these estimates only reflect changes to
recreational access benefits at the seven studies Delaware Bay beaches. No other benefits or
costs are estimated as part of this analysis. Finally, we emphasize that any forecast of economic
benefits over a long time horizon requires relatively strong assumptions about the stability of
preferences (and resulting values) over time. Here, we are assuming that underlying preferences
for beach recreation will remain stable between 2011 and 2041. We also assume that the
population of potential beach visitors (including owners and non-owners of beach community
homes) will remain stable during this time period, apart from direct changes predicted as a result
of beach community housing structure loss.
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Appendix. Net Present Value Estimates Accounting for Assumed Population Growth

The estimates presented above assume zero population growth. This appendix illustrates
alternative results for scenarios that assume future population growth that reflects the prior-
decade average in Delaware. For purposes of this illustration, we assume future population
growth at 1.46% per year; this is the same population growth experienced in Delaware from
2000 to 2010. Assuming all else remains constant, the net effect of population growth may be
modeled through an adjustment to the discount rate, with the effective discount rate, p, modeled
as the difference between the real discount rate (r) and the rate of population growth (n), so that p
=r—n. This presumes that the net effect of population growth is to increase the number of visits
at a rate equal to the rate of change in population.

Table 6A shows the resulting summary of net present values. This is the net benefit of each
management scenario, relative to a hypothetical situation in which the 2011 beach width is
maintained indefinitely. Reported results account for projected changes in both beach widths
and housing structures as described above, and account for assumed population growth. In all
cases, projected net present values are somewhat larger than those that do not account for
potential population growth.
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Table 6A. Net Present Recreational Value of Beach Management Alternatives, 2011-2041
(4% discount rate; compared to maintaining constant 2011 beach widths;
assumes 1.46 % annual population growth)

Beach and Visitor Type Scenario 1 Scenario 2 Scenario 3 Scenario 4
Bowers (owners) $229,488 $22,359 -$29,646 -$286,068
Bowers (non-owners) $446,389 $356,027 -$12,933 -$549,252
Bowers (total) $675,877 $378,387 -$42,579 -$835,321
Broadkill (owners) $302,563 -$737,511 -$462,786 -$1,136,002
Broadkill (non-owners) $704,607 -$1,292,989 -$895,608 -$9,718,734
Broadkill (total) $1,007,171 -$2,030,500 -$1,358,394 -$10,854,736
Primehook (owners) $528,190 -$316,082 -$39,639 -$68,426
Primehook (non-owners) $636,635 -$277,358 -$46,536 -$93,626
Primehook (total) $1,164,826 -$593,441 -$86,176 -$162,052
Slaughter (owners) $269,760 $140,584 -$3,088 -$584,501
Slaughter (non-owners) $697,618 $571,478 -$3,270 -$1,590,215
Slaughter (total) $967,378 $712,062 -$6,358 -$2,174,717
Pickering (owners) $64,240 -$195,923 -$88,684 -$155,334
Pickering (non-owners) $178,998 -$156,690 -$110,388 -$431,924
Pickering (total) $243,238 -$352,614 -$199,073 -$587,258
Kitts Hummock (owners) $119,866 -$113,603 -$48,560 -$221,568
Kitts Hummock (non-owners) $155,963 -$34,464 -$39,605 -$288,267
Kitts Hummock (total) $275,829 -$148,067 -$88,165 -$509,835
South Bowers (owners) $54,144 $16,810 -$8,459 -$21,466
South Bowers (non-owners) $294,828 $206,026 -$20,120 -$111,114
South Bowers (total) $348,973 $222,837 -$28,580 -$132,581

TOTAL ALL BEACHES $4,683,295 -$1,811,336 -$1,809,329 -$15,256,503
Total with constant $3.888,068  -$1415683  -$1,394400  -$12,177.926

population (from Table 6)

Table 7A calculates net present values compared to a baseline of Scenario 4 (Do Nothing), again
allowing for population growth. This shows how the benefits realized under Scenarios 1, 2 and 3
differ from those that would be realized under a “do nothing” scenario.

29



Table 7A. Net Present Recreational Value of Beach Management Alternatives, 2011-2041
(4% discount rate; compared to Scenario 4—Do Nothing; assumes 1.46 %
annual population growth)

Beach and Visitor Type Scenario 1 Scenario 2 Scenario 3 Scenario 4
Bowers (owners) $515,556 $308,427 $256,421 $0
Bowers (non-owners) $995,641 $905,280 $536,319 $0
Bowers (total) $1,511,198 $1,213,708 $792,741 $0
Broadkill (owners) $1,438,566 $398,490 $673,216 $0
Broadkill (non-owners) $10,423,341 $8,425,744 $8,823,125 $0
Broadkill (total) $11,861,907 $8,824,235 $9,496,341 $0
Primehook (owners) $596,616 -$247.656 $28,787 $0
Primehook (non-owners) $730,262 -$183,732 $47,089 $0
Primehook (total) $1,326,878 -$431,388 $75,876 $0
Slaughter (owners) $854,261 $725,086 $581,413 $0
Slaughter (non-owners) $2,287,833 $2,161,693 $1,586,945 $0
Slaughter (total) $3,142,095 $2,886,779 $2,168,358 $0
Pickering (owners) $219,574 -$40,589 $66,649 $0
Pickering (non-owners) $610,923 $275,234 $321,535 $0
Pickering (total) $830,497 $234,644 $388,185 $0
Kitts Hummock (owners) $341,435 $107,965 $173,008 $0
Kitts Hummock (non-owners) $444,230 $253,803 $248,661 $0
Kitts Hummock (total) $785,665 $361,768 $421,670 $0
South Bowers (owners) $75,611 $38,277 $13,007 $0
South Bowers (non-owners) $405,942 $317,141 $90,993 $0
South Bowers (total) $481,554 $355,418 $104,000 $0

TOTAL ALL BEACHES $19,939798  $13,445166  $13,447,174 $0
Total with constant $16,065.994  $10.762242  $10,783,525 $0

population (from Table 7)
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Economic Analysis Delaware Bay Shoreline
Data base Attributes - Types/Sources

Attribute Units Sources Comments/Contact
Parcel ID/ Pin County ID nomenclature Kent and Sussex
Address Kent and Sussex E-911
County Kent and Sussex

Building Type
(Residential/Commercial/etc.)

Residential - Single Story,
Split Level, Two Story, mobile
home

County Data base, Mobile LiDAR, field
confirm if necessary

Called "JMT_Classification"

Building Construction Type

Engineered, pre-engineered

Visual assessment from JMT

Non Residential Building Uses

retail, hotel, hospital, schools,
etc.

Visual assessment from JMT

Building Foundation Type

slab on grade, basement,
crawl space, pilings

Visual assessment from JMT

Building Size (First Floor Square
Footage)

Square Feet

County Parcel Data

Calculated within ArcMap

Building Size (Total Square
Footage)

Square Feet

County Parcel Data and Building Type

Calculated within ArcMap

Building Replacement Value (BRV)

$S

Obtained from Baker

Tax Value SS Kent and Sussex county tax offices
Last Sale Value 88 Ken't and Sussex county tax offices if
available
First Floor Elevation (FFE) Feet Obtained from Baker Mobile LiDAR
Ground Elevation (GFE) Feet DE state LiDAR Obtained from 2' contours

Picture File extension Obtained from Baker Links to the image of the structure
Lat/tu.de/Longltude (location Northing, Easting Obtained from Baker Mobile LiDAR

coordinates)

GIS_Comments IMT

FEMA Floodzone VE, AE, AO, 500, None FEMA

100 Year Flood Elevation Static Base Flood Elev FEMA Called "FIS_100Yr"

100 Yr Flood elev above FFE? Yes/No IMT Called "FFE_100Yr"
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Economic Analysis Delaware Bay Shoreline
Data base Attributes - Types/Sources

Kent County, Sussex County, Bowers Beach

Availability of publi
and Slaughter Beach Comprehensive Plans valabiiity of public sewer

Sewer Yes/No

Kent County, Sussex County, Bowers Beach o .
Water Yes/No . Availability of public water
and Slaughter Beach Comprehensive Plans

Kent Foundation BMT, CRL, SLB, none Kent County Not used in Analysis
Kent Sq Ftg Square Feet Kent County Not used in Analysis
Yi Struct L duet

ear.or rue ur.e 0ss dueto 2021, 2031, 2041 Baker, JMT Called "Scen2_Loss_Yr"
Erosion (Scenario 2) - -
Yi Struct L duet

ear.or ruc ur.e 0ss due to 2021, 2031, 2041 Baker, JIMT Called "Scen3_Loss_Yr"
Erosion (Scenario 3)
Yi Struct L duet

ear.or rue ur.e oss dueto 2021, 2031, 2041 Baker, JMT Called "Scen4_Loss_Yr"
Erosion (Scenario 4)

. 1=Active structure; O=Inactive

Active Oorl IMT

structure (outbuildings, etc.)
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MEMORANDUM
To: Rob Johnston (Clark University)
Date: December 5, 2012
From: Rob Koechert, P.E.
Project: Delaware Bay Shoreline Economic Analysis
Project #: 10-1147-001
Re: Beach Width Calculations Approach/Methodology
cc: Jim Eisenhardt (Cardno ENTRIX)

Michael Baker Corporation (Baker) provided Johnson, Mirmiran and Thompson (JMT) with existing and
projected shoreline delineations for the seven beach communities in the study area: Pickering Beach,
Kitts Hummock Beach, Bowers Beach, South Bowers Beach, Slaughter Beach Prime Hook and Broadkill
Beach. The existing shoreline delineation was established using aerial photography captured in 2011.
The future shoreline scenarios were delineated by Baker in ten year increments: 2021, 2031, and 2041.
The projected shorelines were created based on community-specific erosion rates established through
discussions between Baker and DNREC.

To determine the widths of the beaches under 2011 and future shoreline delineations, the extents of
the recreational beach must be considered. JMT defined the beach width as the distance between the
defined shoreline and the seaward facing edge of the dune. The seaward facing edge of the dune, called
the “toe” of the dune, was delineated also using 2011 aerial imagery. This line was visually delineated to
follow the edge of the vegetative dune. In some areas, there is no vegetative cover on the dune. In these
areas, one option was to follow the shadow cast by the dune. In areas where no shadow is apparent, the
toe of the dune was drawn to follow the seaward facing front of the bay front structures. See Figure 1
for typical beach width measurement example.
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Figure 1: Typical Beach Width Measurement

To estimate the width of the beaches, stations were set every 200 feet along the shoreline. In areas
where the beach width varies over short distances, additional stations were set to capture these
disparities. The beach width in some communities can be very irregular and non-uniform. In these cases
the beach was divided up into multiple sections. The first section was identified as “Beach A”, followed
by “Beach B”, and so on. The average beach width was determined using the following weighted
average formula:

y [(W1 ‘2|‘W2) . L1]

Ltotal

The 2011 aerial imagery was obtained from the USDA, and is available for download online at
http://datagateway.nrcs.usda.gov/




Scenario 1: Beach Nourishment

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing 2011 Existing
Number of Conditions Conditions 2011 Beach 2011 Beach 2021 Beach 2021 Beach [2021 No.of| 2031 Beach 2031 Beach [2031 No.of| 2041 Beach 2041 Beach 2041 No. of
Community Width (Dry) - Width (Wet) - | Width (Dry) - | Wdith (include | 2011 No. of Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures
Beach Community Structures Feet Feet Feet Wet) - Feet |Structures Lost Feet Wet) - Feet Lost Feet Wet) - Feet Lost Feet Wet) - Feet Lost

Pickering Beach 44 38 73 174 209 0 174 209 0 174 209 0 174 209 0
Kitts Hummock 122 29 49 163.5 183.5 0 163.5 183.5 0 163.5 183.5 0 163.5 183.5 0
Bowers Beach 'A’ 60 88

354 150 178 0 150 178 0 150 178 0 150 178 0
Bowers Beach 'B' 41 69
South Bowers 'A’ 31 78

84 125 172 0 125 172 0 125 172 0 125 172 0
South Bowers 'B' 37 84
Slaughter Beach 'A’ 13 47
Slaughter Beach 'B' 40 74

372 109 143 0 109 143 0 109 143 0 109 143 0
Slaughter Beach 'C’ 53 87
Slaughter Beach 'D' 40 74
Primehook Beach 'A' 21 69
Primehook Beach 'B' 195 41 89 108 156 0 108 156 0 108 156 0 108 156 0
Primehook Beach 'C' 20 68
Broadkill Beach 'A' 82 135
Broadkill Beach 'B' 62 115
Broadkill Beach 'C' 592 27 80 123 176 0 123 176 0 123 176 0 123 176 0
Broadkill Beach 'D' 59 112
Broadkill Beach 'E' 76 129
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Scenario 2: Enhanced Retreat

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing 2011 Existing
Number of Conditions Conditions 2011 Beach 2011 Beach 2021 Beach 2021 Beach [2021 No.of| 2031 Beach 2031 Beach [2031 No.of| 2041 Beach 2041 Beach 2041 No. of
Community Width (Dry) - Width (Wet) - | Width (Dry) - | Wdith (include | 2011 No. of Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures
Beach Community Structures Feet Feet Feet Wet) - Feet |Structures Lost Feet Wet) - Feet Lost Feet Wet) - Feet Lost Feet Wet) - Feet Lost
Pickering Beach 44 38 73 174 209 38 174 209 1 174 209 0 174 209 0
Kitts Hummock 122 29 49 163.5 183.5 52 163.5 183.5 10 163.5 183.5 9 163.5 183.5 1
Bowers Beach 'A’ 60 88
354 150 178 35 150 178 4 150 178 2 150 178 2
Bowers Beach 'B' 41 69
South Bowers 'A’ 31 78
84 125 172 8 125 172 2 125 172 1 125 172 1
South Bowers 'B' 37 84
Slaughter Beach 'A’ 13 47
Slaughter Beach 'B' 40 74
372 109 143 5 109 143 5 109 143 14 109 143 21
Slaughter Beach 'C’ 53 87
Slaughter Beach 'D' 40 74
Primehook Beach 'A' 21 69
Primehook Beach 'B' 195 41 89 108 156 63 108 156 0 108 156 0 108 156 0
Primehook Beach 'C' 20 68
Broadkill Beach 'A' 82 135
Broadkill Beach 'B' 62 115
Broadkill Beach 'C' 592 27 80 123 176 92 123 176 24 123 176 39 123 176 24
Broadkill Beach 'D' 59 112
Broadkill Beach 'E' 76 129
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Scenario 3: Basic Retreat

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing 2011 Existing
Number of Conditions Conditions 2011 Beach 2011 Beach 2011 No. of 2021 Beach 2021 Beach |2021 No.of|] 2031 Beach 2031 Beach |2031 No.of| 2041 Beach 2041 Beach 2041 No. of
Community Width (Dry) - | Width (Wet) - Width (Dry) - | Wdith (include| Structures Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures
Beach Community Structures Feet Feet Feet Wet) - Feet Lost (NET) Feet Wet) - Feet Lost (NET) Feet Wet) - Feet Lost (NET) Feet Wet) - Feet Lost (NET)
Pickering Beach 44 38 73 38 73 0 38 73 10 38 73 27 38 73 1
Kitts Hummock 122 29 49 29 49 0 29 49 9 29 49 18 29 49 24
Bowers Beach 'A' 60 88 60 88 60 88 60 88 60 88
354 0 4 5 8
Bowers Beach 'B' 41 69 41 69 41 69 41 69 41 69
South Bowers 'A' 31 78 31 78 31 78 31 78 31 78
84 0 1 4 2
South Bowers 'B' 37 84 37 84 37 84 37 84 37 84
Slaughter Beach 'A' 13 47 13 47 13 47 13 47 13 47
Slaughter Beach 'B' 40 74 40 74 40 74 40 74 40 74
372 0 0 0 4
Slaughter Beach 'C' 53 87 53 87 53 87 53 87 53 87
Slaughter Beach 'D' 40 74 40 74 40 74 40 74 40 74
Primehook Beach 'A’ 21 69 21 69 21 69 21 69 21 69
Primehook Beach 'B' 195 41 89 41 89 0 41 89 1 41 89 6 41 89 >
Primehook Beach 'C’ 20 68 20 68 20 68 20 68 20 68
Broadkill Beach 'A' 82 135 82 135 82 135 82 135 82 135
Broadkill Beach 'B' 62 115 62 115 62 115 62 115 62 115
Broadkill Beach 'C' 592 27 80 27 80 2 27 80 53 27 80 36 27 80 25
Broadkill Beach 'D' 59 112 59 112 59 112 59 112 59 112
Broadkill Beach 'E' 76 129 76 129 76 129 76 129 76 129
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Scenario 4: Do Nothing

Shoreline Projection

Baseline 2011 Projected Width
2011 Existing 2011 Existing
Number of Conditions Conditions 2011 Beach 2011 Beach 2011 No. of 2021 Beach 2021 Beach |2021 No.of|] 2031 Beach 2031 Beach |2031 No.of| 2041 Beach 2041 Beach 2041 No. of
Community Width (Dry) - | Width (Wet) - Width (Dry) - |Wdith (include| Structures Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures | Width (Dry) - | Wdith (include | Structures
Beach Community Structures Feet Feet Feet Wet) - Feet Lost (NET) Feet Wet) - Feet Lost (NET) Feet Wet) - Feet Lost (NET) Feet Wet) - Feet Lost (NET)
Pickering Beach 44 38 73 38 73 0 0 35 2 0 35 14 0 35 22
Kitts Hummock 122 29 49 29 49 0 0 20 0 0 20 13 0 20 18
Bowers Beach 'A' 60 88 60 88 40 68 19 47 5 33
354 0 0 2 2
Bowers Beach 'B' 41 69 41 69 21 49 2 30 0 28
South Bowers 'A' 31 78 31 78 30 77 28 75 26 73
84 0 0 1 2
South Bowers 'B' 37 84 37 84 11 58 1 48 0 a7
Slaughter Beach 'A’ 13 47 13 47 0 34 0 34 0 34
Slaughter Beach 'B' 40 74 40 74 20 54 3 37 0 34
372 0 0 0 0
Slaughter Beach 'C' 53 87 53 87 33 67 13 47 0 34
Slaughter Beach 'D' 40 74 40 74 20 54 2 36 0 34
Primehook Beach 'A’ 21 69 21 69 6 54 1 49 1 49
Primehook Beach 'B' 195 41 89 41 89 0 41 89 0 41 89 0 41 89 4
Primehook Beach 'C’ 20 68 20 68 20 68 20 68 20 68
Broadkill Beach 'A' 82 135 82 135 52 105 22 75 0 53
Broadkill Beach 'B' 62 115 62 115 31 84 4 57 0 53
Broadkill Beach 'C' 592 27 80 27 80 0 5 58 4 0 53 12 0 53 33
Broadkill Beach 'D' 59 112 59 112 29 82 3 56 0 53
Broadkill Beach 'E' 76 129 76 129 46 99 16 69 0 53
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APPENDIX H

GIS Maps
Centerline Roads Profile
Infrastructure: Roads, Bridges & Utilities
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Data Collection Maps

Data collection maps for each community.

H.1 Pickering Beach

Mobile LiDar Coverage Area with Structures — Pickering Beach

Road Centerline Profile — Pickering Beach
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Pickering Beach

Scenario 2 - 2041 Shoreline Scenario 3 - 2041 Shoreline

ing Beach

Seenario 4 — 2041 Shoreline

Structure Losses Due to Erosion for Each Scenario — Pickering Beach

H-4 December 2012
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H.2 Kitts Hummock

Mobile LiDar Coverage Area with Structures — Kitts Hummock

Road Centerline Profile — Kitts Hummock
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Projected Beach Width on 2011 Aerial Photograph — Kitts Hummock (Map 2 of 2)
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Delaware Bay Shoreline
Economic Analysis of
Shoreline Management
Alternatives

Buildings & Floodplains Map:
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H.3 Bowers Beach

Mobile LiDar Coverage Area with Structures — Bowers Beach
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Yellow Center Line — Location of Road Centerline Profile — Bowers Beach
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FIRM Flood Mapping with BFE and Structures — Bowers Beach
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Scenario 2 - 2041 Shoreline Scenario 3 - 2041 Shoreline

Seenario 4 - 2041 Shoreline

Structure Losses Due to Erosion for Each Scenario — Bowers Beach

December 2012 H-13



Appendix H Delaware Bayshore Communities Economic Analysis

Data Collection Maps of Options for Shoreline Management
H.4 South Bowers Beach
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Mobile LiDar Coverage Area with Structures — South Bowers Beach

Beach Widths

Beach A
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Projected Beach Width on 2011 Aerial Photograph — South Bowers Beach
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H.5 Slaughter Beach

Mobile LiDar Coverage Area with Structures — Slaughter Beach

Road Centerline Profile — Slaughter Beach
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Beach Widths
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Projected Beach Width on 2011 Aerial Photograph — Prime Hook (Map 2 of 2)

H-22 December 2012



Delaware Bayshore Communities Economic Analysis
of Options for Shoreline Management

Appendix H
Data Collection Maps

Mate Sruchews shown
Faghingiesd in red e
decphpd Booe slavatons
i Tha e S sleeeton
Hor @100-year wore wwant

\.
i \\.\ 2N
I B 2
FIRM Flood Mapping with BFE and Structures — Prime Hook
December 2012 H-23



Appendix H Delaware Bayshore Communities Economic Analysis

Data Collection Maps of Options for Shoreline Management
H.7 Broadkill Beach
o 2

Mobile LiDar Coverage Area with Structures — Broadkill Beach

| Broadkill Road Profilees

Road Centerline Profile — Broadkill Beach
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