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Executive Summary

This report provides an updated evaluation of
the economic significance of Delaware's
coastal economy, indicating significant growth
and development since the previous 2012
study. The coastal economy, featuring diverse
sectors like tourism, real estate, fishing,
agriculture, and emerging sectors such as
renewable energy, is a crucial pillar of the
state's prosperity. It influences both shoreline
and inland businesses, with direct and indirect
economic contributions.

The coastal economy contributes significantly
to employment, personal income, value
odded, and industriol output, with growth
outpacing both the US ond Deloware’s overall
economies, As of 2022, the direct contribution
of Delaware’s coastal activities resulted in
74,030 jobs, S4.1 billion in labor income, $746
billion in value added ond S14.2 billion in
industnal output When indirect and induced
activities are considered, coastol activities
support a totol of 104,540 jobs, generate 5465

billion in labor income, contribute $10.4 billion
in value added to the economy, and add $22.5
billion to the total industrial output.

In terms of taxes, coastal activities generate
significant revenue at local, state, and federal
levels. The total tax revenue generated by
economic activity in the coastal region
amounts to over $3.3 billion, with
approximately $210 million going to local
governments, $820 million going to the state
government, and $2.3 billion to the federal
government.

However, Delaware's coastal economy also
faces significant threats from climate change
and sea-level rise. increased storms ond
floading. and shifting tourism patterns Hence,
investments in climate resilience are cntical to
protect these coastal communities and their
contributions to the economy. Strategies not
only involve hard and soft projects, including
infrastructure modifications and maintaining
healthy ecosystems, but also emergency




preparedness actions. Additionglly, resilient
land use practices and modern building codes
and hybrid projects combining different
approaches can further enhance resilience

Recognizing the dynamic nature of the
coastal economy, this report examined some
of the perspectives of local businesses and
officials on the long-term resilience of their
coastal communities. The individuals shared o
common concern about flooding and sea-
level rise eventually disincentivizing pzople
from living or working at the coasl. They were
largely supportive of hazard mitigation efforts
but foresaw challenges in implemeanting those
efforts and desired gpproaches that are
locally specific

In conclusion, Deloware’s coastal economy 1s
a robust economic engine that has shown
remarkable growth over the last decade
Ensuring its continued success will require
careful monogement, a cleor understanding
of risks and opportunities, and a prooctive
commitment 1o mvesting in resilience

Key Findings

As of 2022 the direc! contribution of
Delawares coostal achvities were

+ 74030 jobs
« $4.1 billion laber income

- $7.6 billlon value odded
+ $14.2 billion indusinal output
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« 104,540 jobs

+ $4.5 billion labor ncome

+ $104 billion volue odded
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resoyrces. Agnculture, though focing
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coastal economy
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chonges wilth naw seciors 1aking root and
axisting sectors svolving. Renewable energy
particulacly offshore wind energy, has storhed
o make waves m the economic londscope
demonstiating tha potential of Delowores
coastline gy o waurce of sustainable powest
The reql astate market! has seen substantial
development, buagyed by the rising demand
for vocation and retineiment properties
Climate change has emerged as o significs
focton prampling mvesiments in climates
10 safe coasial

g economy

11

resiience guard our

Corrumunilies

hand
dal economy, we

we endeavor 1o caplure the breagd!

ienth of Deloware’s coat

A .
I

a'r
"

[t
‘ *!‘.\‘

W
YU ’.I ;"’ah"-".\ v
‘ .'Ou'u u“ " " “‘
x.\u nm-g

2Ll

n',...

'Lmr‘ o' ;’l

Y

Vil

b
¢

vn"o Wy

acknawiedge the challenge of defining the
geogruphical confines of “the coast”. However,
we smploy g Brood perspaclive, iecognizing
that the influences of the coast axtands well
bayond the shoraline Impactng inland
Businesses ond industries. both dirgctly ond
indirectly

I Ihis renort, We Use g sophisticaled
economic maodet 10 capture all direct ond
nctiract contributions of coast-ralaled
activities. mirronng the complexity of our
subject Impanamtly, we will put thess
numbers 1o the context of a changing
goongmy and environment and ook ar how
thesa changes offar rsks and opporlunities te
Delaware communities We hope thot our
analysis inspires dialogue and informs
gacision-making about this vital part ol

Daelowore's aconomy.

e wIr
iy m@. "

teid ". .
4 ’
4 | 3
. .J

'r-orw e



Methodology

Study Area and Industry
Definitions

Our geographical scope draws upon the
fromework laid out by Latham & Lewis in their
2012 report, They defined the coastal
economy as the economic activities occurring
either along or near the coast, limited to
specific postal zip codes (see Appendix for
detalls). While the entirety of Deloware is
heavily integroted economically, we adopt
similar geographic constraints to avoid

overstatement of coastal economic activity.
Therefore, the study region is limited to
economic activities that occur in close
proximity to the coast or in areas and sectors
that strongly support these activities.

This report's study region comprises three
zones in particular (see Figure 1). First, there
are zip code areas directly bordering the
coast which are home to the most immediate
and direct coast-related activities. Secondly,
we consider a broader “infrastructure zone”
bordering the Inland Bays and lower
Delaware Bay, which is tightly integrated with
these coastal areas. Third, we account for
specific coast-related operations that occur in
zip codes that partly overlap the infrastructure
zone, as this portion of their economy is
regarded as an extension of the coastal

economy While these inland areas engage in
diverse economic activities, such as
agneulture, our analysis is restricted to coast-
related activities within these inland regions.
This choice aligns wilth the migration of the
coastal economy inland, as influenced by
constraints on coastal real estate, with less
expensive real estate further inland, and
ongoing population growth. For precise
geographic details, please refer to the
Appendix

Similar to the approach adopted by Hauser &
Bason in their 2022 study, we considered an
peray of industries within these
regions, For the infrastructure zone
(including the coastal zip codes), we
include ol industries. The inland
areas, on the other hand, present a
mare nuanced scenario. Here, only a
subset of industries is deemed
coast-related, as informed by the
opproach in the 2012 report by
Latham & Lewis. We borrow from
their reliance on lists from the
Bureou of Labor Statistics (BLS) and
neademic work, selecting industries
that have a clear connection to
couast-related activities. This includes
% sectors like vegetable and melon

e  R— 4 . . o
farming, commercial fishing,

construction and maintenance, electric power
generation and distribution, among others.
Only about 7% of the economy of the inland
regions is included as part of the coastal
economy. The specific list of these industries is
available in the Appendix.

Moreover, this report provides a more detailed
analysis on certain sectors which may
contribute significantly to the coastal
economy or be of policy interest. This
approach is also consistent with the Latham &
Lewis 2012 study. The sectors for this
additional scrutiny include food services and
drinking places, real estate rental and
management, medical care facilities, and
various retail stores. The detailed list and
further categorization of these sectors can be
found in the Appendix.

10 Seaside to Statewide: The Economic Contributions of Delaware's Coastal Region



This opproach maintains the integrity of the

dota and ensures @ more reglistic

representation of Delowore's coast-related
ecanomy, aiding In the occurate estimation of
its economic contribution to the state as a

whole.

Figure 1: Regiong

;

The methodology in this report complements
the study region and industry definitions used
in Hauser & Boson (2022), focusing on the
Inland Bays. Their delineation of the study
area encompoasses the coastal zip codes used
here, while purposely excluding occean-related
octivity

TN asesel T kool -
.‘_._'{,.: };:.;’u 5 Bathany Boach
. South Bathony
v’ < .

e {10944

'

arwick istand




Measuring the Coastal Contribution

Our study of the coastal economy
encompasses a broad understanding of
economic contributions, including direct,
indirect, and induced effects (shown in fig. 2).

Direct effects pertain to the jobs, payroll,
value added, and revenues originating
explicitly from coastal activities. These are the
employees and sales of the coastal industries
themselves. Coastal businesses, services, and
associated operations form the core
contribution of the coastal economy.

However, the economic contribution of the
coastal region extends beyond these direct
effects. We calculate indirect effects, which
capture the economic activity stimulated
when coastal businesses procure goods and
services from an array of supporting
industries. These span numerous sectors such
as equipment suppliers, construction,
transportation, management services, and
food services. Activity within the immediate
suppliers drives further economic activity, and
the total effect is the indirect contribution.

Induced effects reflect the economic ripple
effect resulting from employees of direct or
indirect businesses spending their earnings on

3 1he 1O eCoNDmic oot

{
oh procices |
W 3pRNd Mmoney (red ow) Srosug
gl ingd d Nows Sevesal Jioy
Y COGSION Qnee
e (3) Bows
> aodded! (4] inlerochons

v the deaction - s (procucts fMlow the

consumer goods, property, services, and taxes.
This downstream spending contributes to job
creation, payroll increase, and expanded
production, reinforcing the economic cycle.

To illustrate, let's consider the case of a
beachfront hotel in a coastal town.

Direct impacts arise from the operations of
the beachfront hotel itself. The hotel provides
employment to local residents in a variety of
roles such as management, housekeeping,
food and beverage services, maintenance,
and more. This directly infuses money into the
local economy via the wages paid to these
employees. Furthermore, it generates revenues
from guests who pay for rooms, dining, and
other amenities, and pays local taxes
contributing to municipal budgets.

Indirect impacts stem from the hotel's need to
source goods and services to support its
operation. This includes food and beverage
suppliers for the hotel's restaurant,
maintenance services for facility upkeep,
marketing agencies for advertising, and linen
services for room cleaning, among others.
Each of these supplier businesses also
provides iobs and contributes to the economy,
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forming on intncote network of
interdependent businessesinduced impacts
are created when the employees of the hotel
and the businesses indirectly supported by the
hotel spend their earnings in the local
economy and beyond. They might spend on
housing, groceries, entertainment, clothing,
and other goods and services. Each of these
purchases supports other local businesses and
their employees, further broadening the ripple
effect.

The full benefit of a dollar spent is captured
by a “multiplier effect”. For example, a
multiplier effect of 12 means that each
additional dollar spent causes the economy to
grow by an extra 20%. As an example of the
multiplier effect, let's say a guest at the hotel
spends money on a guided tour of local
attractions. This payment directly supports the
tour company (direct impact). The tour
company, in turn, spends money to maintain
its vehicles and pay its staff (indirect impact).

<L .00

Then, an employee of the tour compony might!
spend their paycheck ot a local grocery store,
which supports jobs end incomes there
linduced impact),

In essence, the original éxpenditure by the
hotel guest triggers a cycle of spending and
re-spending in the local economy and
beyond, amplifying each Industry’s economic
impact. The multiplier effect captures this
total economic impact, which can be
significant, particularly in regions heavily
reliant on coastal tourism.

In this report, we make a distinction between
the total value of output and the "value
added” by the coastal economy. Total
production output is the 1otal of all revenues
while value added is revenues minus supply
costs. For example, the restaurant indusiry
buys produce and prepares it as menu items.
The cost of the produce is included in the
price of the final meals, but only part of the

13
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Economic Modeling and Data

In our study, we adopled the IMPLAN' (IMpact
analysis for PLANning) software developed by
the Minnesota IMPLAN Group to compute the
impaocts of coastal economic activities This
sophisticated tool is specifically designed for
capturing intricate connections within
regional economies. Grounded in extensive
US. government data sources, IMPLAN
captures more than 400 detailed industry
sactors as defined by established federal
statistical bodies like the Department of
Labor's Bureau of Labor S1otistics ond the
Department of Cormmerce's Bureau of
Economic Analysis

One of IMPLAN'S key strengths is its abllity to
account! for incremental full-time-equivalent
omployees across firms resulting from direct,
indirect, and induced effects Furthermore, it
tracks all “lober mcome™ pald 10 employees
along with the toxes and fees paid to
government entities at stote local, and federol
levels

For this study, we utilized a Mulli-regional
Input-Cutpul (MRIO) analysis within the
IMPLAN framework * MRIO 15 a power ful
analyhical tool thot balps in copturing both the
within-region and beyond-region flows of

economic activity. The relevance of MRIO
comes from ita copacity 1o model the inter-
regional feedback loops, portraying a more
holistic and nuanced picture of the economic
contribution of coastal activities. We also
apply a combination of traditionol impac!
analysts and Industry Contribution Analysis® 10
estimalte effects and mullipliers.

A fundamental ossumption of the Input-
Output economic modeling approach is that
effects of each dollor spent are the same. This
effect is calibrated 10 reflect the benefits of
each additional dollor spent, given the existing
size and structure of the economy, However,
we go beyond the siate-of-the-ort in
economic modeling, by combining results
from Latham & Lewls [2012) and the mast
recent yeor of data 1o represent the changing
effect of a dollar spént as the econonty grew.
Effectively, we assume thot each odditional
doller hos o different effect, smoothly varying
from the multiplier effects reported in 2012 to
the effects we see today.

Qur primary dato source reflects the
Deloware economy in 2022, the most recent
yeor ovailablie within IMPLAN All values are
reported in real 2022 dollars
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Interview Methodology

We also collect qualitative data from
individuals directly impacted by
environmental risks to deepen our
understanding of socioeconomic factors that
influence vulnerability in our population. To
provide additional context and details to the
economic analysis, 11 semi-structured
interviews were conducted. Two initial
interviews were held by phone to identify
relevant topics for further interviews. The bulk
of the interviews were conducted over Zoom
with nine individuals on the topic of coastal
resilience to storms and climate change. The
people invited to interview ranged from
mayors 10 town councils, 10 businesses, 10
utifity companies. Interviewees had 1o
conduct relevant work within the study oreo

to be considered eligible. Of the people who
participated two were business owners/
managers, one was a deputy mayor, two
were mayors, one was a contractor, two
worked for utility companies, and one was a
town planner. Within the study area, two
participants were from Bethany Beach, four
from Lewes, one from South Bethany, one
from Fenwick, and one worked throughout
the area.

The interview included questions on current
impacts due to coastal flooding and sea-level
rise, observed changes over time, adaptation
methods, and planning efforts for the future.
Transcripts and notes from the interviews
were analyzed 10 identify common elements
in participants’ responses 1o interview
questions.’
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The Coastal Economy
Features of the Coastal Economy

The coastal economy of Delaware 15 o mult-
foceted ond vibront component of the stale’s
economic landscope 11 i5.also complex, with a
diverse range of industries that contribute to
its success [see figure 3 and table 1) Some of
the most important indusines ore:

Tourism and Recreation; Tourism remains on
assential cornersiane of the coastal economy,
In 201 cione, Sussex County otiracted 7.5
million vistors. contributing significantly to the
local economy and making tourism the state’s
fourth-largest employer [Hauser & Bason
2022). Specifically, accommaodation and food
services account for about 15% of the
employment in the reglon and generate 8% of
total economy-wide revenues Activilies such
as fishing, crabbing, beating, bird watching,
and beach tourism are also crucial elements
attracting visitors from the mid-Atlantic regon
and beyond

Real estate. Residential development and real
estate have seen o remarkable boom, fueled
by retirees the increasng possibility of
remote work, and the coastal regions natural
beauty, coupled with the state’s faveroble tax
structures Despite employing 9% of the total
workforco. roal estate activitios gonorate an
outsized contribution to the economy.
producing 4% of 1ot1al revenues This reflects
the rising property values and the ongoing
restdential development in the areg

Construction As aresult of a surge in
residential development, construchion is also o
major player m the coostal economy,
confributing 9% 10 employment and 8% 10
overall revenues, In 2022, construction on
residential busldings omounted fo abou! a
third of the S11 billion spent an canstruction

Finance Despite accounting for anly 7% of
1otal employment, the fimance secior picys ¢
stanificant role in Detawore’s coastal economy.
cantributing 10% of 1otal revenues This reflects
the high-value noture of financial services. as

well as the investment flowing inte the region
due to real esiate developmen! ang other
business achivities,

Health Care Parcilel 16 the residential boom,
the health care sector has seen substantial
growth accounting for 10% of total
employment and 9% of total rovences This
s¢ctor plays on integral role In supporing the
growing population, particularly the influx of
renrecs

Retail The retail sector, responsible for 1% of
employmem, contributes 7% to overall
revenues, highhahting the role of consumet
spending in the coostal economy Retail
secvices nol only cater 1o the residents of the
region but also the millions of tourists visiting
eoch yeor

Overall, these industries form the bockbone of
the Relaware coastal economy, generating
jobs and income for o significant proportion
of the state's residents and contributing
substantially to local ond state governmend
tax revenues. The vibroncy and diversity of
these sectors oftast 10 the ottroctiveness of
Delaware's coastal region, whether for
recrealian, retirement, or investimen!. However,
ot the coastal economy continues 10 evolve,
coreful consideration must be given 1o ensure
thot engoing development is balanced with
measures intended 10 protoct ond estore the
invaluable notural resources of the region

17
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Growth and Changes in the Coastal Economy since 2011

Qver the past decade, Delaware's coastal retirees relocating to the region and the rising

economy hos wifnessed substontial growth acceptance of remote work This trend,

and transformation. Between 2011 and the coupled with the region’s natural beauty ond

prasent, the region hos experienced dromatic favorable tax structure, has led to a boom in

increases in employment, industrial output, real estate,

personal inceme, and value odded. This

growth is coptured in Figure 4, which The rise in population has, in turn, spurred

demonstirates the rapid expansion and growth in other sectors, notably canstruction,

resilience of the coastal economy, healthcare, and service industries These
sectors have expanded 1o cater to the

A key driver of this growth has been the surge growing and changing needs of the coostal

in residential development, primarily fueled by population, contributing significantly fo the

Figure 4: Fecorded and estimaled direc! vokios as 1ofals over the coast
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Table 2: Meosures of the growih of the Dolaware-wide econdmy and the coastol econorny, from 201 to 2022

Industry Output [billion 202281  124.3

increased economic output of the region. The
tourism industry, already a major part of the
coastal economy in 2011, has also seen
impressive growth (Delaware Tourism 20218).

In terms of economic output, the coastal
economy has seen an extraordinary surge.
Comparatively, the growth of the coastal
economy has outpaced both the US and the
Delaware economies as a whole. The coastal
economy has grown at five times the rate of
the Delaware-wide economy since 2011. Over
this period, while the US GDP has increased
by 27% and Delaware's state-wide GDP has
risen by 20%, the coastal economy's regional
GDP—the total of the value added of coastal
industries—has soared by an impressive 5%
This remarkable growth indicates the vitality
and resilience of the coastal economy:. This
exceptional performance is detailed in Table 2.

However, this rapid growth is not without its
challenges. The aging population in the region
needs both healthcare

services and resilient infrastructure, to ensure
that it can access the services it needs. As the
region continues to develop,

careful planning and management arga
essential 1o ensure thot the economic boom
does not come at the expense of the

ared's invaluable natural resources nor the
resilience of the region to extreme weather
and climate change. Balancing this

growth with local resillence strategies
including the protection and restaration of
these resources will be vital in ensunng the
sustainable development of the region.

The resilience and dynamism displayed by the
coastal economy over the past decade are
clear indicators of its potential

With strategic planning and careful
management, the Delaware coos! could play
a significantly more influential role in the
state’s economy,

In conclusion, the Delaware coostal economy
has seen remorkable growth and
diversification over the pas! decade,
outpacing both the stote and national
economy. It continues to thrive, fueled by its
natural resources, mereasing residential
development, and diverse service Industries

' Detarvedmw Towzm Qoo (29711, The Viohee of Towitrm Afe//wivi visitastionwons comy wims e fostt/ TR 2023 05/

T L 20VEAW LI00MRI0 Foraim KOOI I RIDFINAL presf

21



Coastal Risks and Impacts Today

A White House Executive Order (EQ 13563)
defined coastal resiiency as “the ability to
anticipate, prepare for, and adap! to
changing canditions and withsiand, respond
to and recover rapidly from disruptions”
(Sutton-Grier et al. 2015%) While Delawares

coastel region is fortunate 1o have an
abundance of coasthne and natural resources,
these same features also expose the area 1o
consideroble impaocts from storms and
climate chonge, including flooding, sea-level
rise, erosion, and wind, Delaware hos the
lowest mean land elevation of any state in the
United States The coastal region iy
particutarly low and flat and aiso has a high
water table, liriting the absorption of
stormwater ond excess inundation,
Develcpment patterns have further
exacorbated this sduation as prepertes hove
ncreased inside the floodplain near the
water's edge, The ehncroachment of
development inside the lloodplam both
supports the coastal economy by offering
access 1o natural amenities ond olso
complicates its long-lerm resilience as sea-
level rise advances ond storms mtensify.

Local impacts are beginning to be felt in some
parts of this region and flooding is o concern
that was raised repeatedly during interviews.
Observed impocts included flooding of

roadways,
homes. and
businesses
Nearly all
partcipants
wentifred
some parts
of thew
fown that
wWos
offected by
floading on
a requiar
basis. This
flooding causes safety cancams for the lowns
and their rasidents. Severol of the interview
porticiponts tho! held vorious Town council
positions voiced concems about access for
residents, especially 1o emergency services
during floods. Whole neighborhoods are cut
off when flooding occurs, which stronds
residents withaout any medical aid or abiity to
evocuate safely if necessary, As one mayo!
notod. many of the readents are eldarly and it
is a tap prionty to ensure thot they are able to
access necessory core duting a flood, That
participant stated, “We have one rood.
|and] there's standing water on that road tco
many times throughou! the year, sutiny day
flooding, nuisonce flooding. os well os storm
related flooding and tidal flooding. And that is
soi | of pnicrity number one, because we ve
had instances whete emergency vehicles
couldn’t get through because of the flood
water”

Additionally, Infrastructure for the 1owns is of
tisk from flooding The wastewater treatment
plant in Lewes 15 one such example of that
The plant sits on a marsh at the edge of the
town ond is af significont risk of inundation
There is o single access rodd 1o the plant tha!
froquantly floods and becomes impassable.
The town of Lewes has been actively studying
options to address this nsk, including
physically hardening the plent, relocating the
plant, or portnermg with Sussex County and
Rehoboth Beach 10 leverage their wastewatet
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treatment system and outfall, As one
participant, a member of the town council.
descrnibed hordening the freotment plant
would cost the town between 520 and $40
millian dollars, while relocating the plant could
cost over S100 million dollors. In addition 1o
Lewes, ulility companies, such as Delmaorve
Power, are also adapting their systems o
ensure that setvices are agvailable during a
flood evant. For power companies, this has
included ensurning redundoncy and multiple
pathways for eleciricity distnbution 1o towns
as well as raising transformers on platforms
above bose flood elevations

Another impod!, identifiad by several
participants, is the patential for fulure losses
due 10 o decrease in tourism. The business
owners/managers thot were interviewed
have olrecdy experienced losses due 1o
damaoaged inventory or being forced 10 close
for periods of time far the safety of ther
emplayees and customers However, these
lesses felt minimal compared to the polennal

future losses, should tourists significontly
reduce their visits 10 the Deloware beoches
This was clso a concemn for the towns. as
tourism 15 @ large source of revenue for the
area, If the tounism industry slows there is
significant concern about how towns will
susiQin their budgets and how people will
continue 10 make a living One town planner
said " _we'te g tourist town- we hove all these
beautiful beoches, but what hoppens il you
can't get 10 the beach anymore?”

In addition to the loss of tourism, towns are
concerned aboul losing current and potential
future residents and businesses gs the risk of
flooding grows There's o concern that those
already in the area will decide that the
flooding has become 100 much 1o deal with
and will choose to leove There is also o
concern that potenhial future residents will be
reluctant 1o invest thelr time and money in an
area thot floods requlorly One of the town
council members in Lewes noted, "And ar
what point, though do people say, you know
what, the sea-level 15 rising. flooding is
increasing. beoch replenishment used to
happen every 5 years, now it's happening
evary 2, 3 yoars At what point do people say,
‘Why Invest in Lewes?”

Planning for the Future

When thinking obout the fulure of these
coastal tawris, plons are aiready being mode
10 ensure that people can continue living on
the coast Many towns are introducing
regulations areund adapting homes, buildings,
cnd other mfrastructure 1o deal with flood
woters. This includes requirements for newly
built hames, of homes being significantly
renovated, (o be elevated cne or more feet!
above base flood elevation in order 10 kaep
fload waters out of any living spaces. Towns
are also changing regulations regording
impervious surfaces such as driveways of
patios, 1o enswre that more areas ate
ovailable for roinwater 10 infilirate Unlity
companies are Installing sturdier, storm-
resistan! electricol poles ond raising sensifive
equipment out of reach of flood waters The
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maojarity of adoptation methods discussed by
participants were hard or gray methods
involving construction and physical changes
to bulldings and other infrastructure

Other odaptation methods mentioned during
the interviews included education and
changes to policies or plans. Several of the
towns had creoted resiliency or sea-level rise
mitigation committees to explore pohcies,
including updates 1o the Comprehensive Plons
in order to ensure that resiliency and
adaptation were more theroughly considered

Comprehensive Plans are developed through
an intensive precess to determine community
development gools and prionties for the
future Many towns were olso conducting
studies 1o have the bes! available data or
examine differant resilience strategies for the
future. Education was also discussed as
imporiant to any adaptation strategy
Ensuring that members of the community and
government hed the best available
information helped people 1o understand the
reasoning behind the chosen adaptation
method, which increases community buy-in

Barriers to Resilience

While various resilience strategies are being
implemented by the towns, there are barriers
that make it difficult to achieve long-term and

large-scale adaptation. Funding was one of
the mos!t commaonly mentioned barriers
during interviews, Many of the smaller beach
towns have linle revenue and require outside
arant funding to complete projects. However,
grants can be competitive and require
considerable effort for local governments to
secure One town council member in South
Bethany said, “We're one little town and this is
a problem thot all the tewns that back up to
the bay are facing And we don't have any
jurisdiction over the water or anything, so,
there's nothing we can do out there. We have
10 profect our own
infrastructure, our system, and
our raads. We can do that but
there's only so much that we
can do without help from
pariners with deeper pockets”

Another barrier is the issue of
scale Several participants
mentioned issues with
jurisdiction and the
geographic scale of projects
their lowns were working on.
Local governments only have
jurisdiction over municipal-
owned infrastructure and
projects within town
boundanes and are focused
on domng the best they can for
their communities Sea-level rise, however, is
not a localized ssue and a call for more
regional portnerships and collaborative
projects was raised several fimes during the
interview process A member of a utility
company stated, "We know that there's a lot
of coastal towns that are going through the
same sifuation So, you don't necessarily have
to reinvent the wheal But ot the end of the
day ceastal communities should be having
these discussions holistically. You know,
community-to-community because what
people are seeing in Charleston isn't
necessarily much different than what they're
se@ing in Lewes or Bethany.

In addition, the uncertainty that accompanies
sea-level rise raised additional barriers for
Delaware’s coastal commmunities. This
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uncertainty was present in a couple of
different ways during the interviews. There
was uncertainty about how effective and
accepted adaptation strategies such as
higher home freeboard requirements were.
Communities were concerned that if could
affect the resale value of their hames There i
also uncertainty surrounding the actual
impacts and timing of sea-level rise and
coastal flooding. Participants neted ncreased
frequency and intensity of flooding and
storms but are uncertain what the next
decades will actually bring. Even with some
impacts being felt, sea-level rise 15 still an
incremental and abstract problem for local
communities and governments trying 1o deal
with urgent and emergent issues thot
community members are facing today

Increased Flooding Along the Coast

Busmess Perspective

Marian Parrott, the former owner of Sedono
restaurant in Bethany Beach, DE, provided
firsthand insights into the ecanomic losses
Incurred duw 1o frequent liooding. Located
neor the loop conal, Sedona was frequantly
impacted by coostal flooding which led 10 ¢
loss of customers and spolloge of food The
restawrant, eaming on ayverage dally income
of about 53,000 lost nat only its daily revenue
but also on estimated S500 to S1500 worth of
food product during each llooding event A
notable incident occurred over one Columbus
Day weekend whan King Tide flooding
resulted in en electrical outage, cousing
Marian a loss of around S10.000 in revenue
and $5.000 worth of spoiled products.
Flooding impacted Marian and her business
6-8 imes per yeor

Governmental Perspective

Jim Pappas, forrner DelDOT Director of
Transportaton, Resithency, ond Sustainobility,
highlighted the critical issues of increasing
frequency and severity of flooding In
Delaware The division, created abou! 2 years
ago, is currently focusing on oddressing

flooding issues with Route 1 (SR1), o crucial
route for evacuahons during emergencies
Flooding remains the mos! significan! climate
change impact within the state, cousing
major concermns In Sussex County and
beoches frequented by tourists The
inundation of the pnmary and alternative
evacuation routes [Routes 24 ond 20) further
complicates the situction, especiolly during
emergencies Borriers 10 mitigation efforts
include challenges in community involvement,
coordination of utilities. acquiring privcte
property for right of way, and lengthy
permitting processes.

Conclusion

The stories highlight the considerable
economic and operational chaflenges foced
by local businesses and governmental entities
due to the increasing threat of coastol
fiooding in Delaware They undarbine the need
for effective mitigation strategies and long-
term solutions 10 protect the valuoble
economic contribution of Delawore’s coast
and 1o ensure the safety and convenience of
bath residents and tourists



Economic Contribution Results

The mix of current impacts, future needs, and
barriers presented in the previous section
highlights the need for a careful assessment
of the econamic contribution of the coastal
economy. By understanding what is ol nsk,
planners can identify oppropriate respanses

Economy-wide contributions

The dota presented in Table 3 (llustrotes the
direct, Indirect, and induced economic
contributions of coastal activities:

Direct coastal aativities alone contributed
74.030 jobs, S4.1 blllion in labor income, 574
billion in value added, ond $14.2 billion in
Industrial output. Following the inclusion of
indirect and induced activities, the total
economic coninbutions of coasial activities 10
the stote are even more significant:

* 104 540 jobs supparied
« $6.5 billion in labor iIncome

« $10.4 bilion in value added 10 the
Delaware economy

« $22 5 bilhon of total industrial outpul

That means that for every 100 jobs in the
coastal region, 41 additional jobs are
supported throughout the state This amounts
10 30,500 additional jobs supported by
coastal activities cutside the coastal region,

Similarly, for every $100 of revenue generatoed
i the coastal region, an extra 559 in revenue
Is earned throughout the state This amounts
te $8.3 million in revenue annually

Further increases in the economy are

estimated to produce o pronounced

multiplicative effect of 20%. This effec! s
epproximately the same whether the
outcome ls employees, income, value added,
or revenues, Multipliers reflect the benefits of
an additionol daliar, including growth within
the coastal economy, and so have benefits
that ore excluded from the reported indirect
ond induced contributions. For instance:

+  Every 100 new coast related jobs would be
estimated (o give rise (o an additional 20
|abs across the state

+  For every $100 of additional revenies to
coastal-related industries. an additional $20
Is generated throughout the stale.

It's worth nating that the majority of these
economic contributions are driven by
industries vital to supporting residents who
live in proximity to the cogst (eg,
Infrastructure and services) These industries
encompass resdential and non-residential
construction, grocery stores, heaithcare
services, and real estate Figure 5 shows how
these 1otal contributions break down by the
coastal region included in the analysis

$14,1772.991.000

Direct| 74030  $4,120944.000 $7.585971,000
Indirect]  TIATO  SIOBZ64000  SLWIABOOD 3395610000
Induced| 18840  $I1327.718.000 1687933000 54946334000
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Coost-redated activities contnue 10 play o
significant role in Deloware’s economy, not just
in terms of the sizoble econemic ocutput and
labor Income thay genetate, bu! also in ther
capocily to create jobs and stimulate
odditenal econemic activities statewide. The

interplay of direct, indirect, and induced
impacts magmfies the overoll  economic
significance of these octivities, underscoring
the iImportonce of Deloware’s coastal region in
the broader state economy




Breakdown of Contributions by Specific Sectors

Table 4 shows the total contribution results for ten fop industry sectors influenced by coastal-related
activities, considenng direct, indirect, and induced impocts. These sectors serve as indicators of the
economic vitality of Deloware'’s coastal region

_______

$502,800,000 $736430000
Real Estate Rental and Management 8360|  $150796000|  $588,853,000
Hospitals, nursing homes, and other
medical care facilities 6,670 $650,973,000 $740,002,000
Safsind Local Sovermant. ottiss fiao 30| $262887,000  $236903000
Offices of physicians, dentists, and other
healthcare practitioners 3,570 $332,124,000 $346,732,000
Retail Stores- Food and Beverage 2,550 $96,661,000 $118,592,001
Retail Stores- Clothing and Accessories 2,400 $71,199,000 $100,917,000
Employmem Services Including QoL ' SR
Temporary Workers 2,380 _ $95,797,000 73125.493.900‘
Business, professional, labor, civic, social,
and homeowners' orgonizations 240 5-89378000’ _517?.3’15.000
Services 1o buildings- M‘W |
Mmfd-l ooy m»«na. ‘#350; 5211547
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As anticipated, the sector comprising
restaurants, bars, and places offering food
services (to consume on the premises or for
takeout) is the most significant in terms of
employment, providing 14,740 jobs. Retail
stores, encompassing grocery stores and
clothing and accessories shops, are also
significant contributors to employment,
cumulatively supporting 4,950 jobs.

Medical care facilities, including hospitals and
nursing homes, stand as the leading sector
concerning labor income, generating $650
million, attributable to the high wages in this
field. This sector also ranks high in terms of
employment, standing third. The offices of
healthcare practitioners also make

considerable contributions 1o labor income
and employment, reinforcing the significance
of healthcare n Deloware’s coostal
communities and its ever-increasing
importance in the national economy,

Reaql estate rental and monagement |s the top
contributer regarding revenues, adding 516
billion to the siate’s economy, The high level of
direct activity in this sector also mokes it the
second-lorgest contfributor to employment.

Real estate

: ¢
clothing ond Prapcrly Mlmagcm ni
occessories Sales & Rentals
stores, and

bullding services provide the highest
production multipliers, oll around 12 This
reveqls their greater propensity to purchase
inputs from other sectors, thereby stimulating
additional economic activity.

The "value added" figures in Table 4 reflect the
net economic value each sector contributes
to the economy. It is calculated by subtracting
the cost of inputs from the total value of
output, and avoids double counting the value
of inputs. The value added is roughly half of
the revenue for each sector, although some
sectors have particularly large value added
amounts. Almost all of the revenue attributed
to state and local government is value added
(86%), and offices of healthcare practitioners
also produce high value added (68%).

The multiplier effect illuminates how an
additional dollar spent in each sector
resonates throughou! the economy,
generating Indirect and induced impacts.
Although the multipliers in Table 4 aren't
equivalent to those for the total economic
contributions of the current economy;, they are
still useful for capturing the ripple effect of
additlonal investment within these sectors.

In conclusion, sectors such as tourism), real
estate, and healtheare ploy pivotal roles in
Deloware's coostal economy. Their direct,
indirect, and Induced cantributions not anly
generate consclerable volue but also
stimulate further economic activities,
reinforcing the significance of these sectors in
the overall coastal economy,
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Tax Implications of Coastal Activities

Activities within the coastal tegion
ssgnibcantly contribuie to tox revenus for
local, state and federal governments. This i
opparent n the wide array of tox ond fee
revenue scurces, such as busingss fevies
personol meome tax, property taxes, and real
estute tronsfer taxes. Notably, the
comprehensive economic impeoct of the
coastal region on Delaware’s fiscal landscope
extends bayond diract 1ax genesation, by also
stimulating indwec! and induced 1ox revenues

Toxes ure closely related 1o Loth the
acanomic prosperity of the coastal region
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and its contribution 1o the rest ol the slate. For
exompie, o streng founsm seclor supports
activity across o wide range of firms. which
then produce taxes. Several beoch towns alwo
genaiate o substanhal porlion of their budget
revenue from parkng fees, forming a more
direct connection 1o the founhsm econamy

According to Toble 5, the total tox revenue
generated by the cooastol region amounis (o
ovet 533 billion. Of this total, approximately
$10 bilkon 15 accrued 1o stote and local
aovernments while the fedewal govemment
receives around 523 bilbon
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The direct 1ax payments 10 the
state from coostal achvily
amount to S600 milion, while
local govammenls raceive on
additienal $230 million
Accounting for indirect and
induced effects brngs ths tatal
1o 5820 million in tgx revenue 1o
the State of Delaware Similarly,
federal tax payments are heavily
influenced by these secandary
effects. Direc! federal tox
poyments amount 1o
appgroximately S17 billion, while
indirect and induced tax
payments contribhute an
additional SO.6 hillon A detailed
breakdown of the local 1ax
contributions shows that opproximately 528
million goes 10 municipol coffers, while
around $88 million goes 10 sub-county special
districts, such a3 lire and school districts

5

Investing for Resilience

Within tha! ideo of resiliency, the National
Qceanic and Atmospheric Administration has
identified three core components of resilience:
scciely, economy, and environment. Coastal
resilioncy means not only resilient physical
infrastructure, but resilient socio~economic

and ecological systems os well (Almutolr! e1 al

2020%), For example, communities that have
established community organizations and
strong social connactions are better able to
recover from flooding and storm events

[

Meanwhile, county gavernments directly
receive obout S92 rmillion

In summaory, the coastal region plays @ criticol
rofe in sustaining Delawaore's tox revenue
streams, contributing over a billien dollors
annually in direct. indirect, ond inducod 1ax
poymenty. This tox revenue underscores the
cconomic significance of the coastal region
and supports various public services and
infrastructure of local, stale, and federal levels.
Therefore, investiment In this region has for-
reaching fiscal implications and contributes to
the averall economic health of the stote and

beyond.

Infrastructure and environmental projects that
aim 1o improve coastal resilience of the built
environment fall under three different
categories. There are hard or gray projects
that focus on physical infrastructure; soft or
green projects that focus on natural systems
and ecological restoration; and hybnd
projects that incorporate aspects of both
green ond gray projects (Jarre! & Davies,
2020", Sutton-Griar @1 al. 2015).
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Hard projects are the most troditional way of
thinking about coastal resiliency {Jarrel &
Davies. 2020, Polk et al, 2021, Sutton-Grier ot
al, 2015, Homin et al, 2018"). These types of
projects include building sea walls, levess,
rarsing roads ond bulldings, and installing
better drainage systems This can oo include
communication and ity systems thot can
withstand major flooding and disaster events
(Almurtan &t al. 2020). The cost and benefils
of this type of project are well understood

ond studied There ore yeors of experhise and
experience behind each project, ond they are
effective in mitigating ssues as 500N 03
construction is completed However, once
constructed, gray projects canno! be changed
or altered inexpensively in order to adapt to
changing conditions. They olso require regulor
muaintenance and will eventually need
replacement if under designed or ence the
maximum lifespan has been reachead. The
construchion process or completed project
itself may couse enviranmentol degradation
as well. Under some circumstances, these
types of projects moy also provide o false
sense of security 1o society and inhibit people
from adopting other mitigotion strategies
(Sutton-Grier et al. 2015, Hamin et ol, 2018
Polk et al, 2021),

In the contex! of sea-level nse and increased
storm surge under climate chonge, proactive
manogement through hard projects can
reduce 10tal costs to society by an order of
maagnitude (Dicz 2016%). However, the upfront

and ongoing costs 1o ochieve these benefits
can be considerable One study in 2018 of the
costs of coastol resiliency projects. estimated
the implementation ¢os! of built projects to
be between $6,500 10 59800 per meter with
ocdditiona! annual maintenonce costs of up 1o
SL710 per meter (Sutton-Grer et al. 20187)

Soft projects or nature-based projects are
those that focus on ecosystem restoration of
the exponsion of notural features {Jarret &
Davies, 2020, Sutton-Gner et al. 2015) These
types of resiliency projects include expansion
of open space ond wetland buffers. restoring
watlands. sond dunes, barner islands,
seograss beds. and mongroves 1o their full
state in order 10 goin storm and fiood
protection Nature-based projects are
beneficial becouse they can adop! with
climate change and there are usually
naturally oceurring co-benefits for fishenes
and water quality in the area They also
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require less maintenance than gray projects
and, in some ways, can self-repair without the
need for human intervention. Based on
maintenance and installation costs versus the
benefits provided, nature-based projects are
more cost effective than gray ones are
(Hamin et al.,, 2018; Polk et al., 2021). However,
nature-based projects take a long time to
implement and for the full benefits to be
realized in addition to being larger than most
built projects. The available knowledge and
experience about best practices is also more
scattered as it is difficult to design a one-size-
fits-all approach. Thus, their cost and their
effectiveness can vary drastically from place
to place. Sutton-Grier et al. (2018) estimated
installation costs of up to $6,562/m and
maintenance costs of up to $328/m/yeat
They also estimated additional co-benefits of
$1-7/m? through ecosystem services provided
by the restoration project. A different study n
2020 that examined the cost of restoring a
coral reef, estimated costs around $1290/m
(Reguero et al,, 2020%). The total cost of the
project was estimated to be $6.4 million but
had risk reduction benefits around $67 %
million.

Hybrid projects incorporate
elements of both green and
gray projects (Sutton-Grier et
al, 2015; Hamin et al., 2018;
Polk et al,, 2021). Some
examples of this include
ecological engineering, beach
nourishment, and shore
stabilization. In hybrid projects
typically the natural landscape
is used to reduce flooding and
erosion (Jarret & Davies,
2020). This type of project has
been used in the United States
for over 50 years (McNamara
et al, 2015"). Between 1995
and 2002 the Federal
Government provided around
$787 million to subsidize hybrid

resiliency projects. These types of projects are
beneficial because they can utilize the best
elements of green and gray projects. Similar
to nature-based projects, there may be some
co-benefits for fisheries and water quality
through ecosystem services. Hybrid projects
also require less space than nature-based
projects and provide more public confidence
similar to built projects. However, the
drawbacks from both hard and soft projects
can also be compounded within a hybrid
project. Also similar to nature-based projects,
within hybrid projects there are still a lot of
research gaps, including estimates of their
cost-effectiveness. Permitting complications
may also be a boundary to completing hybrid
resillency projects.

Other adoptation methods exist outside of
coastal resiliency infrastructure projects
[Jarret & Davies, 2020; Almutairi et al.,, 2020).
These can include maving further inland,
away from coastal areas with the highest risk
of fleoding. However, this adaptation method
presents its own challenges and undermines
the sirenath of coastal communities

% Reguero, B. G., Beck, M. W, Schmid, D., Stadtmdiller, D., Raepple, J., Schussele, S., & Pfliegner, K. (2020). Financing coastal resilience by combining nature-

based risk reduction with insurance. Ecological Economics, 169, 106487.

”McNamara, D. E,, Gopalakrishnan, S., Smith, M. D, & Murray, A. B. (2015). Climate adaptation and policy-induced inflation of coastal property value. PloS

one, 10(3), e0I21278.
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Monitoring for the Future

Understanding the dynamism of the coostal
economy s a prerecunsite for better resource
allocation and maximi2ing economic
potential Both interno! and external forces
can present risks and opparfunities.
Developing o "Coastal Baromeser™ of these
changing forces would crucially inform a
holistic understanding of the coastal
economy’s health

The coastal economy, is subject 10 a specirum

of economic risks ond cpportunities
Infrastructure and assets are vulnergble to
flooding ond sea-lovel nse Touwnism, a vital

sector. is subject to fluctuations due 10 shifting

behoviors. Additionally, the naturol
environment faces mounting threats from
multiple forms of environmental change
However, within these challenges lie
significant economic opportunities As
appreciation for beautiful environments
escalates. ond businesses adapt 1o the
changing needs of an oging population. new
avenuegs for growth become apparent

Therefore, i1 1s
essentiol to realize
that a healthy
¢conorny is not
mergly prosperous
but resihent, armed
10 adap! 1o ond
mitigate risks, end
ready 16 seize the
ensuing
cpportunities. The
complexity of the
coastal economy,
loden with diverse risks and opportumhes,
miakes it chaillenging to captura its entirety
within any s21 of metrics. However, the
methodologies bon from sustomable
development and inclusive occounting offer o
robust foundation for encapsulating the
economic underpinnings of future prospenty
A “Coastal Barometer® could serve as an
invaluable tool for Delaware’s coasts, offering
a regularly updated dashboard af indices on

the coastal economy’s health. This tool would
not simply reflect the immediote condition of
the coastdl economy but would also slucidate
s connechions 1o the brooger state and
national economies. In essence. the 8arometer
would offer on integrated, up-to-date
snapsho! of the economy’s overall heaith,
spanning from the local to the national level

The proposed Coastal Barometer s more than
a meee siatistical index, il is @ pathway
rowards comprehensive economic
understanding By making these data readily
available, coastal community officials will be
better equipped 1o identify beneficial
infrastructure investments and make more
informed land-use decisions Understanding
the scale of the economic contributions from
coostal-relalted actvities also helps pionners
forecast the effects of new developments
more accucately, ensunng that inves!imenty
are appropriately sized

Thus, the Coasial Barometer serves as o
critical instrument, not caly monitaring the
pulse of the coastal economy but also guiding
its future, making it @ potential cornerstone of
sustanable and inclusive develcpment for
Delaware.
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Research Needs

The futura econamic contribution of Delaware will
depend on ils resilience 10 risks and the
imvestmeants it makes 1o be prepored 1o take
cdvantoge of opporiunities [n thes project. o
numbaer of key research needs haove boen
identified which can support future work

Projected Impacts of Climate Change

Climate change projections will form the basis of
many assessments of risk in constal arecs.
Understanding the patentiol magnitude of sea-
level rise increased storm frequency ond intensity,
ond the subsequoent effect on the coastal
economy i5 of utmas! mportaonce

Resaorch is needed 1o identify risk tolerances
omong residants, visitors, and sectors and o
guantify the potential loss to Deloware’s coastal
econamy due 1o cimate change, including loss of
property, revenue, and jobs Further investigation is
required ino Deloware’s disoster preparedness
ond potential oulcornes in the even! of increased
climate change-induced inodents. This research

should include an examination of current plans,
their adequacy, whether they integrate climate
change, and potentiol gaps that need to be
addressed

Effectiveness of Nature-based and
Hybrid Systems

Understanding the role and effectiveness of
nature-based and hybrid systems in
mitigating coastal risks will help inform policy
decisions

«  Comparative studies on the cost-
effectiveness and other relative advantages
of nature-based versus hybrid systems
specifically tailored for Delaware's coastal
charactaristics are needed.

* An assessment of the value of these
systems and their co-benefits through
increased ecosystem services should be
performed. This would also include an
evaluation of thelr resilience to sea-level
rise and larger storms and their potential
protective value compared to built
infrastructure.

Barriers to Implementing Natural
Projects for Coastal Protection

Understanding the challenges to
implementing nature-based projects in the
United States could inform local decision-
making. A comprehensive review of barriers
at the local, state, and national level is
required 1o understand the factors influencing
the selechon of different protection methods.
In particular, the permitting process for each
lype of project should be reviewed to
understand if it presents any barriers to
implementation.

Investigating these research needs will
provide a more comglete understanding of
the economic contribution of Delaware's
coastal area and the risks it faces due to
ongoing chanaes This will help guide
strategic planmng and policy development to
protect and preserve this valuable region.



Summary and Conclusions

The importance of Delaware's coastal
economy cannot be overstated, acting as a
vital cornerstone for the state's overall
economic health. Its diverse range of
contributing industries, ranging from the
booming real estate and tourism sectors to
service industries, reflect its dynamic and
adaptive nature. This has led to significant
growth over the past decade, positioning the
coastal economy as a potent driver of state-
wide economic prosperity. Furthermore, the
exceptional resilience demonstrated by this
economy in the face of changing
environmental conditions and shifts in
aconomic demand underscores its potential
for sustained growth and adaptability

The economic confribution of coastal
activities in Delaware extends beyond the
Immediate econamic output to stimulate job
creation and other economic activities

statewide. The multiplier effects within the
coastal economy, particularly those driven by
key sectors such as tourism, real estate, and
healthcare, exemplify the interconnectedness
of economic interactions within and beyond
the coast. This is further highlighted by the
considerable tax revenue generated from the
coastal region, contributing over three billion
dollars annually in direct, indirect, and induced
tax payments.

At the same time, the environmental risks
faced by Delaware’s coast can threaten this
economic engine. In the long term, risks like
sea-level rise can even present an existential
threat One participant raised the topic of
impermanence, saying,”...we are building
what we perceive to be permanent
communities in what is actually impermanent
land” Coastal towns are faced with an
uncestam future. In other areas of the US,
familes are able to pass homes down
through the generations. But in coastal towns,
this will kecome more challenging without
robust local end regional adaptation and
mitigation measures.

Nevertheless, these coastal communities are
part of Delaware’s history and have become
significant 1o the state’s culture and economy.
As one participant stated, “The beach is o
powerful draw™ People are drawn to the
ocean and to the coast Coastal communities
in Delaware are still attracting new residents
and providing homes far their current
residents These communities hove dealt with
generations of flooding and storms and will
continue 1o do so. A mayor of one of the




towns commented, "Mother Nature's knocked
us down and like a phoenix, we keep rising
So, | do think that we just need o keep
working the problem, and we will find soma
solutions that make it workable and will give
us a community that will survive into the
future”

Investing in the resilience of the coastal
economy is a strategic imperative, given the
anticipated environmental changes and
potential disruptions. The exploration of hard,
soft, and hybrid projects for enhancing
coastal resilience indicates an adaptive
strategy that goes beyond immediate
protection to sustainable long-term growth
These investment decisions, alonaside o
deeper understonding of the cost-
effectiveness and long-term benefits of these
systems, would significantly shape the fulure
trajectory of the coastal economy

Given the dynamism of the coastal economy,
monitoring its health is a strategic necessity,

The development of a "Coastal Barometer"
could offer o comprehensive understanding of
this vibrant economy's state and its capacity
to mitigate risks and seize emerging
opportumties Such an instrument could guide
informed decision-making regarding
infrastructure development, land use, and
potential impacts of new investments, thereby
steering sustainable and inclusive growth in
Delaware

In conclusion. the strategic investment in
chmate edaptation and monitoring of
Delaware's coastal economy are essential
steps in maintaining its economic vitality and
resifience Recognizing its econamic

significance ond understanding its dynamism
will focilitate the evolution of a sustainable
and resiient coastal economy, thereby
contributing to the continued prosperity of the
Stare of Delaware




Appendix
Additional Methodology Details

MPLAN Modeling

hree different regions were used in the modeling process All three regions were bullt based on
esoarch conducted in 2012

he Coastal Zone wos the primary focus of this study, It contained four zip codes (19930, 19944
19958, and 19971). The Boundary Zone wos the 11 zip codes neighboring the Coastol Zone (19939,
P045, 19047 1995], 19963, 19966, 19947, 199468, 19949, 19970, 19975) The third region wos the rast of
faware It contained oll of the remaining zip codes in the state and excluded those In coastal of
oundary zones

nce IMPLAN data s anly avalloble ot the op code level and the Boundary Zip codes span the
nlrostructure Zone border, we dppiy o fractionol amount of the Boundary Zone 1o the
nfrostruciure Zone This means 'that direct economic oulcames are calculated as

Coastal Boseline Outpit] « (Iinfrastruciuce Zone Portion]] {IBoundary Coastal-Sector Baseline
1put]) « (1= {Infrastruciure Zone Portion)) ([Coast-Related Boundary Industries))

hal is, the 1olal of coast-reloted bouridary industries is included, but only part of all othes
ndustries. This portion 1s calculated based on the porlion of the population In Boundary Zane 2ip
odes that arg in the Infrostructure Zone We partition economic activity within zip codes bosed on
he population inside and cutside the Infrastruciume zong aocording 1o the Globol Human

ettlament Layver GHS-POP datoset™

The coastrralated sectors in boundary 2ip codes represent a relatively small shore of the
mploymaent {8%) Income [OR), and outpl [7%%] al thot region

aselne information for each region and industry was obitamed from IMPLAN af the 2ip code tovel
or the years 2018, 2019 2020, 202), and 2022, It was olso obloired of the Sussez County level for
he years 2012 2015, 2018, and 202}

*Schieee M_Foip §, Carcd A, NMochMomx 1 [2028
GIGS-POP R2OZIA - GHS popuiohon e i hersooedy (725200008 ropean Cormvruivvn, Jonl Rereoch Conlye (RC]1 MDD hter /7030 ourpos ou/ivy
ARG 3050 AN A0 e ) L0l JOLID 2905/ T FARASY-SHSH- 4420 AF40 CADARICIE
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Building the Industry Aggregations

Two different industry aggregation schemes
were used in the modeling process. The firs!
waos the All Industry Agaregation which

containod each of the 546 industrics awailoble
within IMPLAN aggregated together. The
second aggregation scheme was used for the
anolysis conducted for Table 4. It contained 10
different mdustry categones Those cataegones
were Food Service and Drinking Places, Rea!
Estate Rentlal and Management

Establishments; Hospitals, Nursing Homes, and
other Medical Care Focilities; State and Local
Government, Office of Physicians, Dentists,
and other Health Care Practitioners, Retail
Food and Beverage, Retail Clothing and
Clothing Accessories, Employment Placement
Services, ncluding temporary workers,
Business, Professional, Labor, Political, Civie,
Social. and Homeowners Associations, end
Servicos to Buldings and Dwellings. The
remaining mdustries within IMPLAN were eft
unaggregated fol this scheme

Retail Food and Beverage: 404

VNG AW~

522,523,524

1L Al ather Industries left unaggregated

Table 2 Industries and their corresponding IMPLAN sector codes:

Food Services and Drinking Place: 509, 510, 511

Reol Estate Renfal and Manogement Estoblishments: 447, 448

Hospitals, Nursing Homes, and Medical Care Focifities: 490, 491 492, 540

State and Locol Government- other than Education: 529-534, 539, 541, 543, 544
Offices of Physicians, Dentists, and other Health Practitioners: 483-486

Retail Stores- Clothing ond Clothing Accessonies: 409
Employment Plocemant Services, Including Temp Workers: 472
Business, Professional, Labor, Political Civie, Social and Hameownars Associations: 473, 495

10. Services 1o Buildings and Dwellings- janitorial, past control, etc 60, 81, 476, 477, 479, 516

The coant-rolated activities are shown n the tablo below

Vegetable snd Molon Farming

3
4
Animal Production, excopt cattle,
14 poultry, and eggs
17 Commercial Fishing
20 Ol and gos exiraction
Crhat c!av, cotamic, and refroctory
30 runerol mining

35 Orilling oif ond gos wells
Flectric power generation -
39  Hydroslectnc

40 eIC oWt aaratoon < Roasl fual
41 Elgctnc power generoban - Nucimr
42 Electc power generation - Solar

$10,68602313:

4071 51660126670
» 3._33"‘ 51,04)396 32 S1085.487 54
508 $484.933 46 §7,281577 22
2% smeﬂ S62T22679
o $0.00: $0.00
o e .|‘ ———]
) $0.00 $0.00
9 5000 5000
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& &

56

58

74

85

93

42

Geothermal

Eleciiic powel genarition - Blonwiss

Elecinic power generation - All other
Electine powet fransmission ond
distribution o
Construction of new health care
siuctures

Construction of ather now noa-
ressdential structures

structures

Canstruction of new muitifomily
structures

Construction of other new residential
structures

Maintenance and tepoir of
nontesidentiol structures

Mol!' '“'“ NONCA S el of s idantiol

Nan chocolate confectionery
manufactuing

Creamary butter manufocturng

packoging

Bread and bakery product, excopt
frozen manufociuring
reew AT » .

Prefabricated wood building
manufactring

Total

Portion of Boundary Zone

o'c o o©

3276
548

199 62

32995

12477
2114

436,08

$4,380,02493
542174
SI5542. 71837

S26.768 62581
$3075.435 54

520803 354 12

5000

snod '

$000
imwuml

$454186081
5132184325

$1.320,43220

$0.00

$0.00

$000
ST

$46,53185716
- $2388907.27
$27 59920090
$54,088.614 31
$200158.67117
45795236 77

SPB 45997204

S3LS55)2153

$18,783.19957

SN39250547
$6,00753192

|
nmﬂmn.m.awl $13,103944971.13

136% 10.05% 6.75%
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Creating the Models

The core economic contribution estimates
shown in Tables 3 and 4 were calculated using
“Industry Contribution Analysis™ (ICA), which
calculptes indirec! and induced effects, while
constraining Industries to malch their observed
levels. We also report multipher effects for
further growth, which are colculated using an
outpu! impac! model

In both cases, the cooslal, boundary, and
remoining regions are constructed as obove in
IMPLAM. All IMPLAN modeling is performed
using  multi-regional  input-output  (MRIO)
calqulations. The models were calculated for
an ICA ond for an oulput impact, and appled
separataly 10 the zonstal zone and boundary
zane.

For Toble 3, we aggregate all industnes into
one aggregote sector. For Table 4, each of the
10 sectors is left unaggregated, along with an
additioncl remaining aggregalte sector

Economic dynamics
We use the baseline in 2011 1o develop o

We assume that the multipliers calculated for
the 2012 report zone (consisting of the coastal
zone and the coayl-related porhion of the
boundary zone) apply 1o the new zonal
definitions used here (that is 10 the
infrastructure zone, plus the remaining coost-
related porfion of the boundary zons)
Whenever results from the 2012 report are
used, the values are extrapolcted 10 the new
zonnl defnitions, using models fit 10 Sussex
County dota,

Total contribution

2011

calculation of the economic contribution that Contribution !

accounts for the changing structure of the tinlier [ e ——

economy from 2011 to 2022. This is muitip J

conceplucily diagrammed below. 2011 2022
lo

The total mdirect+induced is then B = TA(D)JD=
Oy

Let the 2011 direct be Dy and the indirocttinduced la, with & multiplier 1 4 ~——,
/
Let the corresponding 2022 values be Dy, I, and | +B'-.
L]
Assume that the multiplicr changos lincarly, so the WW-&&MWMD)BCL'- —-!Q-XMH‘—,!-.

({13 Do + I KDy = D)

Dy

Dy, Dy Di-Dy Dy

Thetoal s D, + B + |,
2 Doy ' 4

Data Collected

Al data was collected in 2024 dollors and
from the results of each model the total
impact, employment, lobor income, and value
addod information was collected. The data
was the direct, mdirect, nduced. and total

effect from the medel For the Boundary Zone
ond the remaining Deloware 2ip codes, only
indirect, induced, and 1otal data wos
coliected.
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were conducted in a semi-structured format
over telephone and video conference The
focus of both interviews was the impact of
climate change, flooding n particular, on
communities in the study area from each
pesson’s perspective These exploratory
interviews were then used 1o focus the
development of questions for additiong!
imterviews Main themes of flooding end
climole chonge were identilied ond used to
develop further questions for additional
interviews

A socond round of semi-structured iMorviews
were conducted over Zoom with nine
indiviciuals. Potennal potticipants were
recruited by email invitation Selected
participants responded 1o the email invitahon
and indicated their willingness 1o porticipote
In an mrerview Follow up emails were sent if
ne response Was given,

The imerviews werg recorded and transcnbed
by Zoom for coding and anolysis. Notes were
also token dunng the interview. Transcripts
were cleaned ond reviewed for accuracy
befare Heng analyzed. The nterview quide
included questions on current \/mpacts due 10
coastol flooding, observed changes over time.
adaptation methods, and plonning offorts for
the future, Inductive coding was used 10
identify common elements in parhciponts’
responses 10 Intecview guestions (Broun &
Clarke 2006") Responses were coded at o
topic or concep! level which varied in length
between o sentence to a couple of sentences
When the fopic switchod, a new code wos
identilied. Broader themes were then
Identified from the codes based on
commonalities between them (Broun & Clarke
20046, Jackson & Nowell 202¥7)

interview Methodology

Two exploratory inferviews were conducted
with a business owner from Bethany Beach
and the Director of Transpoctation Resiliency
and Sustanability from the Delawaore
Department of ltansportation The interviews

"lEmen V£ Claneg VENIDN. Uing momsoe amdlyss s 05tinligy Guokdafin Sesaarch in Archoiogy, X) 7701

Jckom J & Neod | (X200 'The office of thsainy monagerieat T mese moeogery aipetencet dang COVR Y A quatifd imecne Aty usng
thomate anolyin oo of Mrurg Amogemen!, 78R J N 800
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