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Killmer, Sarah Cooksey, Karen Weldin Stewart, Lorilee Harrison, Constance Holland, Ruth Ann Jones, 
Kevin Whittaker, Gerald Kauffman, Mary Ellen Gray, Pamela Bakerian, Rich Collins, Victor Letonoff.   
2nd Row: Richard Perkins, Barbara DeHaven, Chris Sommerfield, William Lucks, Don Knox, Jennifer Ad-
kins, Rob McCleary, John Taylor, Brenna Goggin, Hal Godwin.  Not pictured: Quinton Johnson, Marcus 
Henry, Jeff Shockley, Richard Jones, Michael Kirkpatrick, Mark Davis

Recommendations for Adapting to Sea Level Rise in Delaware

“Preparing for Tomorrow’s High Tide: Recommendations for Adapting to Sea Level Rise in Delaware,” 
was authored by Delaware’s Sea Level Rise Advisory Committee and by staff of the Delaware Coastal 
Programs Section of the Department of Natural Resources and Environmental Control (DNREC). It 
is intended to assist government agencies, businesses and individuals make well-informed choices 
about preparing for and responding to sea level rise. Its central component is a list and description of 
recommendations for adapting to sea level rise in Delaware. It also contains background information 
about adaptation measures that can be taken to decrease Delaware’s vulnerability to sea level rise 
and provides a set of guiding principles for consideration by those choosing adaptation measures.

The recommendations contained in the document were approved by the Sea Level Rise Advisory 
Committee and have been submitted to DNREC Secretary Collin O’Mara for consideration and for 
further collaboration with other state cabinet agencies. It is envisioned that a collaborative team 
composed of government agencies, businesses and individuals will be brought together to seek 
support and resources to implement the recommendations.

The full version of “Preparing for Tomorrow’s High Tide: Recommendations for Adapting to Sea 
Level Rise in Delaware” can be obtained online at http://de.gov/slradaptplan or by contacting the 
Delaware Coastal Programs Office.

Delaware Coastal Programs
5 East Reed Street • Suite 201 • Dover, DE 19901
(302) 739-9283 • http://de.gov/coastal
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Preparing for Sea Level Rise
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A school bus navigates a frequently flooded road near Odes-
sa during a coastal storm. Without adaptation, sea level rise 
will result in increased flooding of coastal roads and other 
coastal resources. 

Delaware’s economy and quality of life are linked to its shores, its vast expanses of tidal wetlands 
and its fertile farm fields. Because of its location, low average elevation and dependence upon 
coastal resources for jobs and recreation, Delaware is particularly vulnerable to the effects of sea 
level rise. Statewide, these effects are wide-ranging and include loss of low-lying land and structures, 

saltwater intrusion into groundwater and surface water, 
and increased extent of coastal flooding during storm 
events.

In recognition of the serious potential consequences 
of sea level rise, Delaware’s Sea Level Rise Advisory 
Committee was established to investigate the 
state’s vulnerability to sea level rise and to provide 
recommendations about how to best prepare for 
higher sea levels. The advisory committee was 
convened in November 2010 by invitation of Collin 
O’Mara, Secretary of the Delaware Department 
of Natural Resources and Environmental Control 
(DNREC) and is composed of members from a wide 
variety of stakeholder groups including state agencies, 
local governments, citizen organizations, business 
organizations and environmental organizations.
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Sea Levels are Rising

1A good description of this can be found in Williams, et al., 2009. Available online: http://library.globalchange.gov/products/assessments/2004-2009-
synthesis-and-assessment-products/sap-4-1-coastal-sensitivity-to-sea-level-rise-a-focus-on-the-mid-atlantic-region  
2Long term tide gauge data is maintained by the National Oceanic and Atmospheric Administration and is available online: http://www.tidesandcurrents.
noaa.gov/sltrends/sltrends_states.shtml?region=de 
3From Williams et al., Available online: http://library.globalchange.gov/products/assessments/2004-2009-synthesis-and-assessment-products/sap-4-1-
coastal-sensitivity-to-sea-level-rise-a-focus-on-the-mid-atlantic-region 
 4From Sea Level Rise Technical Workgroup, 2009. Available online: http://www.dnrec.delaware.gov/coastal/Documents/SeaLevelRise/Final%20
and%20Signed%20DNREC%20SLR%20scenarios.pdf 

This graph shows the observed local mean sea level trend in Lewes Delaware since 1919. The current 
local sea level rise trend in Lewes is 0.13 inches per year. Scientists believe that seas will rise at an 
accelerated rate in coming decades as a result of global climate change.

Globally, sea level rises as Earth gets warmer. This occurs for two primary reasons: (1) as ocean 
water warms, it expands and causes the average level of the ocean to increase, and (2) as land-
based glaciers and ice sheets melt, the melt-water empties into the oceans and causes the average 
level of the ocean to increase. In addition, locally, sea levels can rise as a result of downward vertical 
movements of Earth’s crust1. 

A combination of these factors is occurring in Delaware today, resulting in a local rate of sea level rise 
that has been about twice the global average. At the long-term tide gauge in Lewes, the observed sea 
level trend is 0.13 inches per year (or 13 inches over a 100-year period)2. The global average trend 
for the twentieth century was 0.07 inches per year. It is anticipated that both the local and global 
rate of sea level rise will accelerate in the coming decades due to climate change which is expected 
to increase the rates of glacier and ice sheet melt as well as rates of ocean water expansion3. A 
technical workgroup established by DNREC in 2009 reported that by 2100, this acceleration of sea 
level rise rates could cause the level of Delaware’s oceans, bays and tidal rivers to rise between 1.6 
feet (0.5 meters) and 4.9 feet (1.5 meters) above their present levels4.
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These maps depict mean higher-high water (MHHW) in Bowers Beach Delaware under the three planning scenarios for sea level rise. 
Blue represents MHHW today; green is MHHW with 0.5 meter of sea level rise; yellow is MHHW with 1.0 meter of sea level rise; red is 
MHHW with 1.5 meters of sea level rise. The Town of Bowers Beach is one of several municipalities in Delaware that is actively planning 
for current and future effects of storms and sea level rise.
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5Mean Higher High Water (MHHW).
6These impacts are fully described in Preparing for Tomorrow’s High Tide: Sea Level Rise Vulnerability Assessment for the State of Delaware. Available 
online: http://de.gov/slrva

Beaches and Dunes

Coastal Impoundments

Dams, Dikes and Levees

Evacuation Routes

Freshwater Tidal Wetlands

Future Development Areas

Habitats of Conservation Concern

Heavy Industrial Areas

Port of Wilmington

Protected Lands Statewide

Roads and Bridges

Railroad Lines

Tidal Wetlands

Tourism and Coastal Recreation

U.S. Fish and Wildlife Service Refuges

Wells

High Concern Resources

Delaware is Vulnerable to Sea Level Rise
Using these future scenarios as a guide, Delaware’s Sea 
Level Rise Advisory Committee comprehensively assessed 
the impact of sea level rise on Delaware’s communities, 
public safety, economy, infrastructure and natural resources. 
They found that between 8% and 11% of land statewide is 
within an area that could be inundated with water at high 
tide5 by 2100. The Advisory Committee investigated the 
vulnerability of 79 state-wide resources to sea level rise. 
Of these, 16 were ranked as high concern for the state (see 
text box). 

Within those potentially inundated areas lie homes, 
industrial areas, roadways, protected land, wetlands, and 
wastewater facilities. In addition to inundation, saltwater 
intrusion into groundwater and surface water was identified 
as a significant issue, as was rising water tables and 
increased risk of damage from coastal storms. With each 
of these potential impacts come a number of secondary 
effects including loss of homes, reduction in employment 
opportunities, releases of contaminated material from 
industrial sites, increased drainage problems, and corrosion 
of pipelines among others6. 

The results of this comprehensive assessment of the state’s 
vulnerability to sea level rise underscore the importance of 
adapting to sea level rise.
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Adapting to Sea Level Rise

Elevation of structures, like this home in Slaughter Beach, is an 
adaptation strategy that individuals and municipalities can 
use to reduce their vulnerability to increased flooding that 
will result from sea level rise.

To
ny

 P
ra

tt,
 D

N
RE

C
, S

ta
te

 o
f D

el
aw

ar
e

Sediment dredged from Pepper Creek to maintain navi-
gation channels is sprayed on a marsh in the Assawoman 
Wildlife Area as part of a pilot project. The sediment raises 
the surface of the marsh, reducing its vulnerability to sea 
level rise.
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In a broad sense, adaptation means “adjusting” to new conditions and taking steps to moderate and 
cope with the effects of sea level rise. These steps can be planned and implemented at a variety 
of geographic levels, and by a variety of stakeholders. In Delaware and in many other locations, 
the process of adaptation involves two distinct efforts: (1) planning and implementing adaptation 
measures, and (2) building adaptive capacity.

Adaptation measures are on-the-ground actions that can be taken to prepare for sea level rise in a 
particular location. These measures include raising structures out of flood prone areas, building dikes 
to keep water out of low-lying areas, avoiding placement of new structures in vulnerable areas and 
restoring wetlands to improve flood benefits to upland areas. In general, these adaptation measures 
will be planned and implemented by landowners, business owners and local government officials 
to address projected impacts of sea level rise in a specific location. The Sea Level Rise Advisory 
Committee did not undertake any assessment of, or recommendations for, specific adaptation 
measures in Delaware. Rather, it focused its work on understanding and making recommendations 
that will improve Delaware’s adaptive capacity.

Adaptive capacity can be defined as the ability to adapt. As it relates to sea level rise, adaptive capacity 
is the ability of individuals or agencies to assess potential impacts and to select and implement 
appropriate adaptation measures. Adaptive capacity includes availability of data and information, 
availability of technical assistance, availability of funding, ability to cooperate and communicate, and 
ability to gain support for adaptation measures.
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Recommendations for Preparing for               
Sea Level Rise
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Participants at the Lewes Adaptation Public Engagement 
Session gather around a map of the state showing areas that 
could be inundated by sea level rise in 2100. Objective 1: Improve Communication and 

Coordination among State, Federal, Local and 
Regional Partners to Streamline Sea Level Rise 
Adaptation Efforts.

Objective 2: Provide Increased Regulatory 
Flexibility for Adaptation and Improve 
Consistency among Regulatory Agency 
Decisions.

Improve coordination of permit decisions 
for adaptation projects among federal, state 
and local officials.

Create new partnerships to increase 
resources for research and development of 
adaptation options.

Increase opportunities for technology 
transfers and regional coordination for 
transportation issues affected by 
sea level rise.

Incorporate sea level rise into public and 
private sector regional planning efforts.

Provide sea level rise information to the 
Delaware Agricultural Land Preservation 
Program.

Provide technical assistance to Delaware’s 
Open Space Council for incorporating sea 
level rise into its criteria for acquisition of 
natural areas.

Conduct a comprehensive inventory of 
key funding, coordination, regulations and 
policies and analyze them for barriers and 
opportunities for sea level rise adaptation.

Provide regulatory incentives that 
encourage sea level rise adaptation and that 
allow for innovative projects.

Encourage the governor to sign an 
executive order that would direct state 
agencies to plan for sea level rise.

Conduct a comprehensive update to the 
state’s regulatory tidal wetlands maps and 
provide a way to periodically update the 
maps to reflect changes occurring from sea 
level rise. 

1.1

1.2

1.3

1.4

1.5

1.6

1.7

2.1

2.2

2.3

Delaware’s Sea Level Rise Advisory Committee was charged with developing recommendations for 
adapting the state to the likely impacts of sea level rise. Because sea level rise adaptation will occur 
at many different geographic levels, from an individual home to regional transportation networks, 
the advisory committee focused its efforts on researching and developing recommendations that 
will build the state’s capacity to adapt, rather 
than pinpointing adaptation measures that 
should be used in specific locations. Over 100 
separate options and seven objectives were 
developed by the advisory committee. After 
further research and discussion, the list was 
narrowed and released to the public for review 
at a series of public engagement sessions. 

After review of public comments and additional 
investigation and discussion, the Sea Level 
Rise Advisory Committee formally approved the 
following recommendations for adapting to sea 
level rise: 
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Objective 3: Predictable Policies for Future 
Growth, Investment, and Natural Resource 
Management.

Consider sea level rise implications in 
future regulatory updates for septic 
systems and wells. 

Facilitate the connection of individual 
septic systems to community wastewater 
treatment systems with excess capacity 
when human safety and welfare are at 
risk.

Consider sea level rise implications in 
future updates to the state Coastal Zone 
Act regulations.

Incorporate sea level rise considerations 
into the Strategies for State Policies and 
Spending. 

Consider incorporation of sea level rise 
considerations into municipal and county    
comprehensive development plans. 

Consider use of a Transfer of 
Development Rights tool to direct future 
growth away from vulnerable areas. 

Incorporate sea level rise into Delaware’s 
Long Range Transportation Plan. 

Incorporate sea level rise into the 
Transportation Operations Management 
Plan.

Encourage inclusion of sea level rise in 
Transportation Project Design Manuals. 

Develop a dike safety program. 

Develop a framework for decision-
making regarding land protection and 
restoration strategies based on habitat 
vulnerability, migration potential and 
relative importance in the regional 
landscape, historical significance or other 
key factors.  

2.4

2.5

2.6

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Develop a comprehensive wetlands 
restoration, protection and retreat 
strategy in response to sea level rise.

Continue efforts to re-evaluate 
management strategies for existing 
coastal impoundments. 

Evaluate the benefits and risks of 
permitting privately owned coastal 
impoundments. 

Designate shoreline zones for adaptation 
action. 

Conduct a legal review for disinvestment 
of publically owned infrastructure and 
privately owned buildings. 

Develop a statewide retreat plan and 
update it periodically.

Develop a comprehensive outreach 
strategy to educate all stakeholders 
about sea level rise.

Provide education and outreach for 
impacted communities and citizens. 

Improve the ability of homebuyers 
to investigate a property’s potential 
vulnerability to sea level prior to 
purchase.

Provide targeted outreach to water and 
wastewater operators and water utilities. 

Improve monitoring of current sea level 
conditions and improve predictions for 
timing of inundation. 

Install additional water level and salinity 
observational stations in Delaware’s tidal 
waters. 

Improve the accuracy of Delaware’s 
elevation benchmark network.

3.9

3.10

3.11

3.12

3.13

3.14

4.1

4.2

4.3

4.4

5.1

5.2

5.3

Objective 4: Increase Public Awareness of Sea 
Level Rise through Education, Outreach and 
Marketing.

Objective 5: Improve the Availability & 
Robustness of Sea Level Rise Data Sets.
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Continue and expand studies 
regarding sediment accretion rates and 
susceptibility of wetlands to sea level rise. 

Conduct research to better understand 
human response to sea level rise and 
adaptation. 

Develop sea level models that incorporate 
storm surge impacts. 

Conduct a risk assessment for 
Delaware’s system of dikes & levees.

Encourage federal agencies to integrate 
sea level rise planning into their flood 
models. 

Model potential stormwater inundation 
problems in highly vulnerable areas. 

Develop a model that will predict changes 
to salinity in surface water that may occur 
under differing sea level rise scenarios. 

Develop a statewide groundwater model. 

Develop and maintain a comprehensive 
database that contains the location 
and condition of all wastewater 
infrastructures. 

Identify and preserve areas for potential 
wetland migration.

Identify the data necessary to plan 
transportation investments.

Increase understanding of the regional 
implications of loss of industrial areas in 
coastal Delaware. 

Improve understanding of impacts to 
adjacent properties from adaptation 
actions. 

Encourage the development of a research 
and policy center at a university or 
college campus that would focus on 
applied research for sea level rise and 
adaptation. 

Foster pilot projects that demonstrate 
the effectiveness of best management 
practices for management of agricultural 
lands affected by sea level rise.

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

Create a coordinated effort to 
provide technical assistance to local 
governments. 

Provide land managers, fisheries 
managers and farmers with the 
information and extension support 
necessary to manage lands and fisheries 
in areas affected by sea level rise. 

Provide technical assistance for industrial 
and port facilities to incorporate sea level 
rise into investment plans and continuity 
of business plans. 

Develop best management practice 
manuals for adaptation in Delaware.

Develop a database of costs of 
adaptation options for use by decision-
makers and the public. 

Convene an expert panel to provide 
an assessment and analysis of funding 
options for adaptation measures. 

6.1

6.2

6.3

6.4

6.5

7.1

Objective 6: Provide Technical Assistance 
to Partners for Assessing Vulnerability and 
Choosing Adaptation Strategies.

Objective 7: Expand Funding Opportunities 
for Adaptation Planning and Implementation 
Projects.

Implementation of these recommendations will 
help remove barriers to adaptation and improve 
the ability of those wishing to adapt to obtain 
data, information and technical assistance.
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The City of Lewes is a quiet resort town at the mouth of the 
Delaware Bay that is vulnerable to many natural hazards 
including coastal storms, flooding and high winds. Recogni-
tion of these risks prompted the development and adoption 
of the City of Lewes Hazard Mitigation and Climate Adapta-
tion Plan to prepare for future weather events.  
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Guiding Principles for Adaptation

Begin adaptation planning and 
implementation: adjust and make 
improvements as more information 
becomes available.

Avoid unnecessarily prescriptive 
adaptation actions: empower decisions 
at the local level.

Incorporate adaptation into existing 
programs and mechanisms, so as to not 
create a new bureaucracy.

Engage broad public participation in 
adaptation decisions.

Use the best available science and 
technology for decision-making and 
adaptation actions. 

Coordinate and consider consequences 
of adaptation among jurisdictions and 
among resource types. 

Strike a balance between protection of 
homes, infrastructure and conservation 
of natural resources.

Strive for equity in selection and funding 
of adaptation measures:

•

•

•

•

•

•

•

•

•

t

t

t

t

t

Encourage development of funding 
mechanisms for adaptation based on 
fairness, equity and justice for all citizens.

Consider impacts to environmental 
justice communities.

Consider trade-offs between 
adaptation projects up-state and 
downstate.

Public investment in sea level rise 
adaptation should be directed toward 
endeavors that benefit the most 
citizens as possible.

Public investment in sea level rise 
adaptation should be considered and 
weighed against the many needs of 
Delaware’s citizens.

Fee based funding options, if 
developed, should be user-related 
(such as motor fuel taxes that pay for 
roadway maintenance.

During the development of adaptation recommendations, the advisory committee had a number of 
discussions about how adaptation decisions should be made. For example, concerns were expressed 
about whether adaptation measures implemented in one location could have a negative impact 
on surrounding locations. Concerns were also expressed about how adaptation actions would be 
prioritized for state funding. 

As a result of those discussions, the advisory committee has compiled the following “Guiding 
Principles for Adaptation.” These principles should be taken into consideration during the planning 
and implementation of on-the-ground adaptation projects:
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Adaptation in Delaware is Already Underway

Next Steps

Although formal recommendations for adapting 
to sea level rise are new, sea level rise adaptation 
is already occurring in Delaware. The state has 
routinely replenished publicly accessible beaches 
on the Atlantic Ocean and Delaware Bay coasts for 
decades. It has a robust land acquisition program 
and a statewide land-use regulation for coastal areas. 
It also requires counties and municipalities to plan for 
the future through comprehensive development plans. 
At a local level, at least seven municipal governments 
are actively planning for the future effects of sea level 
rise and storm surge with assistance from DNREC 
and Delaware Sea Grant College Program. These on-
the-ground adaptation efforts will continue in parallel 
with implementation of the 55 recommendations of 
the Sea Level Rise Advisory Committee.

The Red Lion Dike, which protects a contaminated former 
industrial site from flood waters, is one of several dikes in 
New Castle County that will be repaired starting in 2013. 
Flooding of industrial land as a result of storm surge and 
sea level rise could cause contaminant releases to wa-
terways. 
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At its final meeting, Delaware’s Sea Level 
Rise Advisory Committee presented its 
recommendations to the Secretary of the 
Delaware Department of Natural Resources and 
Environmental Control, marking the completion 
of the advisory committee’s work. This event 
also represented the start of efforts to put the 
recommendations into place, a process that will 
take many years.

The DNREC Delaware Coastal Programs has committed to coordinating efforts to implement the 
recommendations for adapting to sea level rise, working in collaboration with state agencies, local 
and county governments, non-governmental organizations, educators, businesses and citizens. 
Some recommendations can be implemented quickly and with little new funding; others may take 
significant additional funding, time and coordination. A workshop will be held in 2014 that will 
bring together potential partners to prioritize recommendations for implementation and to compile 
additional information about the steps necessary to implement each recommendation.

Adaptation planning and selection of adaptation measures at the parcel, local or agency level can 
occur in parallel to state efforts to implement the 55 recommendations of the Sea Level Rise Advisory 
Committee. Although implementation of the recommendations will improve Delaware’s ability to 
adapt in the future, technical assistance and grant funds are available now from a variety of sources 
to assist those wishing to proactively address sea level rise and prepare for tomorrow’s high tide.

DNREC scientists collect samples of tidal wetland sediment to 
determine wetland resiliency to increasing sea levels.
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Delaware Sea Level Rise Advisory Committee


