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The Sea Level Rise Initiative 

Sea level rise has the potential to significantly impact Delawareôs economy, coastal resources 

and communities over the next several decades.  Rising sea levels can submerge low-lying lands; 

erode beaches; convert wetlands to open water; contribute to more severe coastal flooding; and 

increase the salinity of estuaries and aquifers.   

 

Sea level rise is currently occurring in Delaware; data has shown that sea level has increased by 

over a foot over the past century.  Scientists believe that the rate of sea level rise will accelerate 

in the coming years.  Both the Intergovernmental Panel on Climate Change and the U.S. Climate 

Change Science Program have concluded that it is very likely that rates of sea level rise will be 

greater in the coming century than in the last century.  Although sea levels have fluctuated 

significantly throughout the Earthôs history, due to human development and alterations of the 

landscape, the coastline can no longer adapt naturally to these changes as it has in the past. 
 

In order to prepare for sea level rise and prevent future damages to coastal communities, we must 

understand and plan for the potential impacts of accelerated sea level rise.  To help reach this 

goal, the Delaware Coastal Programs Section of the Delaware Department of Natural Resources 

and Environmental Control has begun its multi-year Sea Level Rise Initiative.  The goal of the 

Initiative is to develop policies that address sea level rise through the Statewide Sea Level Rise 

Adaptation Plan, provide scientific technical decision support for these policies, successfully 

implement the policies in order to effectively address sea level rise, and educate stakeholders and 

the public on sea level rise issues and adaptation strategies. These goals complement one 

another, and are interconnected with DNRECôs climate change interests and its external, 

regional, and national efforts (see page 3). 

The projects that have been initiated under the Sea Level Rise Initiative help Delaware reach the 

final goal of effectively preparing coastal communities and habitats for sea level rise in four 

ways.  First, some projects are designed to provide the necessary data needed to assess 

vulnerabilities and to make policy decisions. For instance, the Marsh Vulnerability Index will 

use biomass sampling to assess which of Delawareôs marshes are most vulnerable to sea level 

rise. This will allow decision makers to decide which marshes to protect and where to allocate 

resources.  Second, some projects are designed to be pilot implementation projects, providing 

needed assistance to coastal communities while providing a learning opportunity for state staff.  

Pilot projects are currently underway in Bowers Beach and the City of New Castle; assistance 

will be provided to other communities in future years.  Third, some projects are designed to 

provide tools, training and information to stakeholders, managers and the public.  An on-line tool 

will soon be available to assist with inundation mapping and a Statewide survey of public 

attitudes and perceptions is underway.  A comprehensive outreach strategy will be designed 

based upon the results of these, and other, initiatives.  Lastly, all of the data, information and 

tools that are developed throughout the Sea Level Rise Initiative will be used to inform policy 

development through the Statewide Sea Level Rise Adaptation Plan.  This plan will bring 

stakeholders together to develop plans and policies to address sea level rise. 

The Sea Level Rise Initiative is designed to be iterative and will grow and change as new data, 

outreach and policy needs are identified.   
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Purpose of this Compendium of Sea Level Rise Initiative Projects 

The purpose of this compendium is to provide an at-a-glance inventory and timeline of projects 

(see pages 4-6) that are currently underway as part of the Delaware Coastal Programsô Sea Level 

Rise Initiative. It also provides a way to visualize how these projects fit together.  Projects 

conducted by other agencies are not represented in this document, but there are many other 

agencies whose work will be essential to preparing for sea level rise and coastal inundation. 

The projects listed in this document are evolving.  The timelines, process and intended outcomes 

of each project within this compendium are subject to change.  However, it is the intent to update 

this document on a routine basis so that our partner agencies can be kept up to date on sea level 

rise activities.   

Linkages to the Climate Change Action Plan 

The Delaware Department of Natural Resources and Environmental Control is in the process of 

creating a Climate Change Action Plan for the state of Delaware. This Sea Level Rise Initiative 

will be an important part of the Climate Change Action Plan, and the projects within this 

compendium will play an important role preparing the state for the effects of climate change. 

For More Information 

For more information about projects contained within the Sea Level Rise Initiative 

Compendium, please contact us at (302) 739-9283 or see our website: 

http://www.swc.dnrec.delaware.gov/coastal/Pages/SeaLevelRiseAdaptation.aspx 

 

 

 

http://www.swc.dnrec.delaware.gov/coastal/Pages/SeaLevelRiseAdaptation.aspx
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3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Coastal Impoundment 

Accretion Rate Study

Project
FY09 FY10 FY11

I: Scientific and 

Technical Support

Coastal Monitoring Gap 

Analysis

Coastal Storm History

LiDAR -Marsh 

Elevation Correction

Tidal Marsh 

Vulnerability Index

Sediment Elevation 

Tables

Kitts Hummock 

Hydrologic Monitoring

Inundation Maps

Bombay Hook Marsh 

Loss

Prime Hook Coring & Analysis

City of New Castle Impoundment Coring & Analysis

Lower New Castle County & Kent County Impoundment Coring & Analysis

Additional Coring & Analysis if Needed, Report Compilation

Determination of  Additional Monitoring Locations 

Tentative Continued Monitoring & Analysis Dependant 

on Funding & Staffing

Update of 1974 Report on Coastal Storm Damage

Site Selection and Survey of Spartina Locations

Site Selection & Survey of Targeted Species Locations

Biological Indicator Development

Correlation of BI w/ 

Elevations

Statewide & Species Expansion - Dependant on Outcomes of Earlier Work

Ongoing Monitoring and Analysis of Sediment Elevation Tables w/ Bi-Annual Reports

Water Level & Flow Monitoring

Tentative Project Expansion Dependant on Funding & Staffing

 Based on Statistically Derived Surge Elevations

Initial Monitoring and Analysis
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3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Development of a 

Coastal Flood 

Monitoring System

II: Implementation 

Actions

Bowers Beach Coastal 

Resiliency Project

City of New Castle 

Coastal Resiliency 

Project

III: Policy 

Development

Statewide Adaptation 

Plan

Sustainable Coastal 

Communities Project

MidAtlantic Council on 

Oceans

 Data Collection & Synthesis

FY11

Stakeholder Summit

Vulnerability Assessment

Strategy Development and Implementation

Determination of Current and Future Needs for Coastal Protection

Engineering Analysis of Dikes and Tide Gates

Hydrodynamic Analysis of Diked Basins

DEOS Early Warning System Development and Implementation

Workshop & Committee, Workgroup 

Establishment

Issues Characterization & Strategy 

Development

Implementation Strategies 

Release RFP and Award Grants

Grant Management

Project
FY09 FY10

Refine Action Plan and Implementation 

Recommendations
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3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

 Develop  and Conduct Survey 
Analyze Results and Final 

Report

Public Outreach & Meetings

Project
FY09 FY10

Develop Website and KML 

Maps

Strategy Development

Strategy Implementation (on-going)

Review &Application of CSC Digital Coast 

Toolkit

FY11

Comprehensive Public 

Outreach Strategy

Digital Coast Inundation 

Tool Kit

Survey of Sea Level 

Rise Attitudes and 

Perceptions

IV: Communication, 

Training, and Public 

Involvement

Google KML Map 

Development
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Bombay Hook Hydrology/Sediment Movement Study 

Coastal areas and natural resources are particularly vulnerable to climate change, especially with 

respect to accelerated sea level rise, shoreline erosion, increased storm frequency and intensity, 

changes in rainfall, and related flooding among other potential impacts. Investigation of such 

impacts, specifically marsh depletion and increased mudflats at Bombay Hook, will be 

conducted to determine patterns of sediment flux in or out of the depleted marsh area. 

 

Data collection will involve conducting river transects within the Leipsic River using the 

Acoustic Doppler Current Profiler (ADCP) and associated software to collect and process tide 

and current data. Water quality will also be monitored, specifically total sediment solids (TSS) to 

aid in determining sediment fluxes in or out of the depleted marsh area. 

 

Geographic Location: 

 

Bombay Hook National Wildlife Refuge. 

 

Outcome:   

 

This study will result in a written report that includes a summary of results; discussion of data 

analysis and statistical procedures. Results will be used to predict future changes in marsh 

depletion and to help determine marsh management techniques to counteract these impacts 

affecting the tidal marshes at Bombay Hook. 

 

Activities/Schedule: 

 

1. Installation of monitoring equipment.  Install 5 water level recorders and 1 Acoustic 

Doppler Current Profiler.   

 

2. Perform cross-section current profiles and collect data.  Perform a series of cross-section 

current profiles at various locations over varying tidal stages and collect water level and 

ADCP data. 

 

3. Analyze data and write report. Data analysis and interpretation leading to final report 

 

Activity  # months reqôd for 

completion 

Estimated Completion 

Date 

Status 

1 1 May 2009 Completed 

2 6 December 2009 Ongoing 

3 3 March 2010 Pending 
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Agencies Involved:   

 

DNREC Delaware Coastal Programs 

USFWS 
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Coastal Impoundment Accretion Rate Study 
 

As an accelerated rate of relative sea-level rise further stresses impounded marshes, there is a 

greater need to evaluate the long-term sustainability and utility of impoundments in Delaware.  

In order to do this, baseline data regarding historic sedimentation rates is needed. 

 

Baseline data sets of long-term sedimentation rates in impounded and natural wetlands can be 

utilized to evaluate the impounded wetlandsô ability to achieve optimal habitat benefit under 

different management strategies and under different sea level rise scenarios 

Long-term sedimentation rates over the past 100 and 50 years can be calculated by collecting  

radioisotopic cores from wetland areas and analyzing them for 
210

Pb and 
137

Cs, . All core sites 

and the adjacent wetland will be surveyed to tie all data to the tidal datum (NAVD 88). 

Correlating long-term wetland sedimentation rates to current wetland elevation will enable a 

detailed analysis of the potential sedimentation deficits that exist within the impoundments, as 

compared to the reference wetlands. The elevation and sedimentation gradients between the 

reference and impounded wetlands can be used to calculate potential future elevation trajectories 

under different sea-level rise and management scenarios. 

 

Geographic Location: 

 

Monitoring sites were chosen within impounded and reference (natural marsh) sites throughout 

the State based upon a wetland area change analysis (using a time-series of available imagery), 

and basins that have been identified as needing detailed study to aid in their management to 

optimize the future available habitat.  Sites that will be studied include: marshes along the 

Delaware River near New Castle; Ted Harvey Wildlife Area; St. Augustine Wildlife Area; and 

Primehook National Wildlife Refuge.   

 

Outcome:   

 

When complete, this study will provide information to coastal managers regarding marsh 

susceptibility to sea level rise under different marsh management scenarios and under different 

sea level rise scenarios  A long-term comparison of the wetland elevation and sedimentation 

conditions between the impounded marsh and the ñnaturalò marsh will enable a detailed analysis 

and comparison of the potential long-term growth conditions and highlight the potential 

implications for impoundment management that could affect the sustainability of the interior 

wetlands.  This information will allow marsh managers to understand the potential outcomes of 

sea level rise and adapt their management techniques. 

 

Activities/Schedule: 

 

1. Initial Impoundment Core Collection. Radioisotopic cores will be collected from selected 

marshes.  All core sites and adjacent wetlands will be surveyed. Samples will be sent for 

gamma spectroscopy analysis at the University of Delaware College of Earth, Ocean and 

Environment. Core analysis is scheduled to be complete by December 2009. 
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2. New Castle Impoundment Core Collection.  Radioisotopic cores will be collected from 3 

impoundments and 2 reference marshes along the Delaware River adjacent to the City of 

New Castle.  All core sites and adjacent wetlands will be surveyed after collection.   

Samples will be sent for gamma spectroscopy analysis at the University of Delaware 

College of Earth, Ocean and Environment. Core analysis is expected to be complete by 

December 2010. 

 

3. Kent County and Lower New Castle County Impoundment Core Collection.  

Radioisotopic cores will be collected from Ted Harvey Wildlife Area, St. Augustine 

Wildlife Area, and Primehook National Wildlife Refuge. The Ted Harvey and St. 

Augustine sites were selected to expand the scope of the impoundment investigation to 

include sites along the entire Bay and River coast.  All core sites and adjacent wetlands 

will be surveyed after collection.  Samples will be sent for gamma spectroscopy analysis 

at the University of Delaware College of Earth, Ocean and Environment.  Core analysis 

by UD is expected to be completed by December 2011. 

 

4. Gap Analysis of Delaware Coast.  A gap analysis of the Delaware River and Bay Coast 

Impoundments and reference marshes will be conducted to identify areas where 

additional cores should be collected and analyzed. The previously analyzed cores will be 

examined to evaluate the spatial and temporal variability within the study areas and 

evaluate the need for additional coring sites. A total of 18 cores will be collected to fill in 

the identified data gaps and areas of high spatial sedimentation rate variability.  

 

 

Activity  # months 

reqôd for 

completion 

Activity 

Start Date 

Estimated DCP 

Completion 

Date 

Estimated 

Laboratory 

Completion 

Status 

       1              5 November 

2008 

March 2009 April 2010        In Progress 

       2              8 - 10 April 2009 November 2009 December 

2010 

       In progress 

       3              6 December 

2009 

May 2010 December 

2011 

          Pending 

       4              8 May 2010  January 2011  December 

2012 

          Pending 

 

 

Agencies Involved:   

 

DNREC Delaware Coastal Programs 

UD College of Earth, Ocean and Environment 

Primehook National Wildlife Refuge (USFWS) 

DNREC Division of Fish and Wildlife 
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Coastal Monitoring Gap Analysis 

 

In the last two decades, storms such as Hurricanes Katrina and Ike along the Gulf of Mexico and 

Floyd and Hugo along the Atlantic Coast of the United States have resulted in significant loss of 

life, injuries and property damages reaching well over 100 billion dollars.  Much of the damage 

associated with these and other tropical and extra-tropical weather systems is associated with 

severe coastal flooding.  The Delaware coastline is extremely vulnerable to such events, 

examples being the great March, 1962 storm and the recent coastal flooding incident of May 12, 

2008.   

 

As part of a cooperative effort between the University of Delaware and several Delaware State 

Agencies to better monitor conditions along the Delaware coastline and to provide advance 

warning of impending coastal flooding events, we propose the completion of a GAP Analysis of 

pertinent coastal data needs and a comprehensive survey of inland inundation levels during 

previous coastal flooding events.  The GAP Analysis will define the present state of coastal data 

collection efforts across the state, an ñoptimumò data collection network and the gap between 

them, indicating those data that need to be added to the current network.  A survey of high water 

marks from previous coastal flooding events will be used to create a ñbaselineò data set to aid in 

understanding the relationships between water levels at tidal monitoring points and inland 

locations.  In this research, an exhaustive inventory of real-time and archived coastal data will be 

conducted.  This inventory will include meteorological, tidal, buoy, water quality and inundation 

data sources, along with ancillary sources of coastal information (i.e. research publications, 

modeling work, etc.).   

 

Geographic Location:  Coastal Delaware. 

 

Outcome:   

 

The final outcome/product will be a report that makes recommendations as to the type of data 

needed to reach an ñoptimumò coastal monitoring network, and the spatial placement and 

temporal resolution of additional sensors that may need to be deployed to reach the optimum 

configuration. 

 

Activities/Schedule: 

 

1. GAP Analysis Report.  University of Delaware will conduct the analysis and develop a 

report that makes recommendations as to the type of data needed to reach an ñoptimumò 

coastal monitoring network.   

 

 

Activity  # months reqôd for 

completion 

Estimated Completion 

Date 

Status 

1 9 March 2010 Contract issued  
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Agencies Involved:   

 

DNREC Delaware Coastal Programs 

University of Delaware 
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Coastal Storm History 
 

Several coastal communities in Delaware currently experience storm damage, coastal erosion, 

and other coastal hazard impacts. In efforts to reduce hazard vulnerability that currently exists 

and that could potentially increase in the future due to climate change impacts, the Delaware 

Coastal Programs, along with the University of Delaware are compiling data on historical 

storms, norôeasters, subtropical storms or hurricanes that may have impacted Delawareôs coasts 

in the past. 

 

This data was previously compiled by the University of Delaware for years up through 1974 and 

a written report is available.  This project will focus on updating the storm data from 1974 to 

2009.   

 

Geographic Location:  Coast of Delaware. 

 

Outcome:   

 

Compendium of historical storm data categorized according to the type of storm, physical 

characteristics and impacts on coastal communities and natural resources. This can perhaps be 

used to derive specific scenarios to be modeled for the purpose of future adaptation and 

preparedness. It will also help to identify where outside expertise should be brought in to provide 

additional technical assistance for resiliency assessment, planning and implementing. Depending 

on the detail of the data collected, there may be some insight for prediction of the next potential 

storm, norôeaster or hurricane and the impacts of such events. 

 

Activities/Schedule: 

 

1. Storm data collection.  Through analysis of historic data sets and communication with 

local and state officials and the public, historic storm information will be compiled.     

 

2. Development of Report.  A compilation report will be developed and distributed.  The 

report will include storm data from 1974 to present including all pertinent data. 

 

 

Activity  # months reqôd for 

completion 

Estimated Completion 

Date 

Status 

1 12 Sept 2010 Pending 

2 6 March 2011 Pending 

 

Agencies Involved:   

 

DNREC Delaware Coastal Programs 

University of Delaware      
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Development of Coastal Inundation Maps 
 

Sea Level Rise inundation maps are necessary to determine areas and extent of coastal 

vulnerability to sea level rise, and will be a key component guiding the development of a 

Statewide Sea Level Rise Adaptation Plan.  While it is relatively straight forward to overlay 

elevated sea level changes onto existing digital elevation models (DEMs), certain factors must be 

considered.  Primarily, mean tide levels vary along the Delaware Bay Coast and any maps 

developed must take this into consideration.  Secondly, solely using sea level rise will not give a 

true perspective of inundation, since the major concern will be the flooding from coastal storm 

surges. 

 

To develop these maps (GIS Layers) a statistical evaluation from the existing 2 long-term NOAA 

tide level datasets of Lewes (Breakwater Harbor) and Delaware City (Reedy Point) will be 

performed to establish storm surge elevations above Mean Higher High Water (MHHW) for 

selected return periods (i.e. 10, 25 50, 100-year return periods).  Once these are calculated, the 

current MHHW levels along the length of the coast will be determined using the NOAA VDatum 

software. These two datasets will be combined to establish the appropriate elevations to use for 

coastal inundation. After the Delaware Bay coast is completed, a similar effort will be performed 

for the Inland Bays and Atlantic Coast. 

 

Geographic Location: 

 

Coastal Delaware 

 

Outcome:   

 

The final outcome/product will be a series of maps in GIS format that will be based on the bare 

earth LIDAR data. Several scenarios will be developed using on current sea level rise, predicted 

average sea level rise and predicted maximum sea level rise for the years 2050 and 2100. 

Estimates of storm surge added to the predicted elevations will also be provided. These surges 

will be based on historic data and statistical analysis. 

 

Activities/Schedule: 

 

1. Statistical Analysis of existing tide data.  Based on existing data for Lewes and Delaware 

City, develop expected storm surge levels for certain return periods.  

 

2. Determine MHHW for Bay Coast.  Using VDatum, determine MHHW along Delaware 

Bay coastline corrected to NAVD88 

 

3. Develop Inundation Maps for Delaware Bay Coast. Combining the two developed 

datasets, produce GIS maps for different seal level and storm surge scenarios 

 

4. Inland Bays and Atlantic Coast Maps. Repeat 1-3 for Inland Bays and Atlantic Coast. 
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Activity  # months reqôd for 

completion 

Estimated Completion 

Date 

Status 

1 2 September, 2009 Completed 

2 <1 October, 2009 Pending 

3 2 December, 2009 Pending 

4 1 January, 2009 Pending 

 

 

 

Agencies Involved:   

 

DNREC Delaware Coastal Programs 




