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Delaware Sea-Level Rise Inundation Mapping Methodology 
 
In early 2014, topographic LiDAR was collected for the entire state of Delaware through a 
collaboration between the USGS, Delaware Geological Survey (DGS), Department of Natural 
Resources and Environmental Control (DNREC), and Delaware Department of Transportation 
(DelDOT), funded through the Hurricane Sandy Supplemental Fund.   The state-wide LiDAR data 
has a RMSEz of 6.3 cm in open terrain.  From these data, a seamless, statewide 1-meter, hydro-
flattened, bare earth digital elevation model (DEM) was produced.   
 
This topographic DEM was used to develop new bathtub-model sea-level rise (SLR) coastal 
inundation maps for the state of Delaware.  Inundation maps correspond to updated sea-level 
rise planning scenarios and include surfaces from Mean Higher-High Water (MHHW) to 7 feet 
above MHHW, in 1-foot increments.  These maps will help advise long-range planning of 
infrastructure, facilities, land management, land use, and capital spending. 
 
This documents details the steps taken to produce the bathtub-model SLR coastal inundation 
maps for the state of Delaware from the 2014 LiDAR data.  A brief outline of the analysis steps 
is shown below, with greater detail described in the subsequent test.  Analyses were conducted 
using ArcGIS 10.3 software. 
 
Outline of Sea-Level Rise Inundation Mapping Methodology 

1) Watersheds potentially affected by SLR were identified and MHHW was determined for 
each using NOAA VDatum tool.  Elevations associated with each of the SLR scenarios 
were calculated for each watershed. 

2) Watershed DEMs were created from the statewide LiDAR-based 1-m DEM.  Watershed 
DEMs were reclassified based on the SLR scenario elevations for that particular 
watershed.     

3) County-wide reclassified raster data was converted to polygons for each of the target 
elevations.   

4) Polygon were simplified and smoothed to create more manageable layers. 
5) Hydrologically disconnected areas were removed from each layer. 
6) County layers were combined to create statewide bare earth SLR inundation maps. 
7) Elevated roadways and bridges not represented in the bare earth DEM were identified, 

manually assessed for inundation for each SLR scenario, and removed from the bare 
earth inundation maps at the appropriate levels.   
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1. Watershed Identification 

Each watershed in the state of Delaware with the potential to be affected by SLR was identified.  
Analysis was carried out on the resulting 65 watersheds (Figure 1). 

 
Figure 1: Watersheds expected to be affected by SLR.   

Watersheds with the same MHHW are shown in the same color. 
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2. MHHW for Each Watershed 

NOAA’s VDatum tool was used to determine MHHW at the mouth of each coastal watershed 
(http://vdatum.noaa.gov/, see examples shown in Figure 2).   
 

 
Figure 2: MHHW for several watersheds in Delaware expected to be affected by SLR 

 
Watersheds were then grouped by MHHW, resulting in 35 watersheds for analysis (see Figure 
1).  The elevations to be considered for each of the SLR scenarios were calculated and are 
shown in Table 1.   

 

 

http://vdatum.noaa.gov/
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Table 1: Elevations (in meters) of each SLR planning Scenario to be considered 

 
  



  
DELAWARE SEA-LEVEL RISE INUNDATION MAPPING METHODOLOGY 
SEPTEMBER 2016 7 

 

3. Watershed Based DEM Analysis 

The hydro-flattened DEM was clipped to each watershed boundary (see example shown in 
Figure 3) using the Image Analysis window in ArcGIS.     
 

 
Figure 3: DEM for a portion of Duck Creek-Delaware Bay watershed 

 
For each watershed DEM, the symbology was classified with 9 divisions (representing MHHW, 
1ft, 2ft, 3ft, 4ft, 5ft, 6ft, 7ft, and above).  Figures 4 and 5 shows the manual symbology 
classification of the for Duck Creek-Delaware Bay watershed.    
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Figure 4: Manual classification of the symbology for Duck Creek-Delaware Bay watershed with a MHHW 

of 0.9591 m 
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Figure 5: Duck Creek-Delaware Bay watershed with symbology classification corresponding to the eight 

SLR planning scenarios 

 
The individual watershed DEMs were reclassified using the Reclassify function.  The 
reclassification started at a value of 0 went to 7, with elevations above this being set to 
“NoData” (see Figure 6).   
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Figure 6: Reclassification of the DEM for Duck Creek-Delaware Bay watershed for the eight SLR scenarios 

 
 
After each watershed was processed in this way to create a reclassified DEM with values of 0-7, 
the watershed DEMs were merge back to a statewide reclassified DEM (see Figure 7).   
 
The statewide reclassified DEM was subset to create grid files for each of the three counties in 
Delaware since processing the entire state at once was not possible due to computing 
limitations.  The county boundaries were buffered by 50 meters to create overlap between 
counties during subsequent bathtub-model SLR analysis.   
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Figure 7: Individual watershed reclassified DEMs were merged to create a reclassified DEM for the entire 

state, shown here in the region of Duck Creek-Delaware Bay 

4. Conversion to Polygon 

A field called “unit” was added to the attribute table of the reclassified DEM (Figure 8), and this 
field was used during the conversion from raster to polygon.  Within the attribute table, the 
desired scenario level and lower levels were selected.  For example, for the 2ft SLR scenario, the 
Values of 0, 1, and 2 were selected (see Figure 8).  The Raster to Polygon function was then 
used to convert from the raster format to polygons including all areas at elevations below the 
specified SLR level (see Figures 8-12 for 2ft SLR scenario sample).  The “simplify polygons” 
option was not selected during this process.     
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Figure 8: Attribute table for the reclassified DEM showing the selection of Values 0, 1, and 2 in 

preparation for conversion from raster to polygon for the 2ft SLR scenario 

 

 

 
Figure 9: ArcGIS dialogue box for raster to polygon conversion 
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Figure 10: Results of raster to polygon conversion for the 2ft SLR scenario.   

Inset region is shown in Figure 11.   
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Figure 11: Results of raster to polygon conversion for the 2ft SLR scenario for a portion of Duck Creek-

Delaware Bay watershed 

The results of the Raster to Polygon conversion include numerous small polygons and detailed 
polygon boundaries that exactly match the 1-m reclassified raster (see Figure 12).  In the 
following steps, these small scale features will be smoothed and generalized to create 
statewide SLR layers of manageable file size and with greater usability than the direct 
conversion from raster to polygon. 
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Figure 12: Reclassified raster showing the eight SLR planning scenario elevation classes and black line 
showing polygon boundary resulting from Raster to Polygon conversion for the 2ft SLR scenario.  Note 

the large number of small polygons and the exact match to the reclassified raster shown. 

 

5. Polygon Simplification 

The following steps were taken to process the raw polygons for each SLR scenario for each 
county.     
 

● Dissolve (Figure 13) 
o Create multipart features = true 
o Unsplit lines = false 
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Figure 13: Dialogue box for Dissolve function 

 
 

● Simplify Polygon (Figure 14) 
o Simplify Algorithm = Bend_Simplify 
o Reference Baseline = 10 Meter  
o Minimum Area = 500 Square Meters  
o Handling Topological Errors = No_Check 
o Keep collapsed points = false 
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Figure 14: Dialogue box for Simplfy Polygon function 

● Multipart to Singlepart 
 

● Smooth Polygon (Figure 15) 
o Smoothing Algorithm = PAEK  
o Smoothing Tolerance = 5 Meters 
o Preserve endpoint for rings = false 
o Handling Topological Errors = No_Check 

 

 
Figure 15: Dialogue box for Smooth Polygon function 

● Generalize to reduce the point density 
o Tolerance = 0.01 Meters 
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● Clip to the next highest level (6ft layer clipped by 7ft layer, etc.) 
o to remove any overlap that could have been created from the smoothing and 

generalization  
 

● Generalize to reduce the point density and file size 
o Tolerance = 0.2 Meters 

 
These processes result in simpler and smoother polygons, as the example in Figure 16 shows.  
The resulting SLR layers were extended on the eastern side to meet the Delaware state 
boundary.   
 

 
Figure 16: Polygons resulting from further processing of the 2ft SLR scenario for a portion of Duck Creek-

Delaware Bay watershed.  Compare to Figure 11. 
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6. Removal of Disconnected Areas 

Not all areas with areas with elevations below a particular SLR scenario are expected to be 
inundated.  Some regions are hydrologically disconnected, and even though their elevations are 
lower than the elevation of a particular scenario, they are not included in the inundation model.  
Initially all non-connected polygons were assigned to be removed.  These disconnected 
polygons were then manually reviewed for the entire coverage area and those polygons where 
a direct connection could be identified were added back into the final layers.  For example, 
those areas that were only disconnected because a bridge/overpass were included, as were 
those areas connected by culvert or some type of water conduit.  Areas protected by dykes, 
dams, or other water control structures were also removed (see Figures 17-19).    
 

 
Figure 17: 2ft SLR scenario for a portion of Duck Creek-Delaware Bay watershed showing hydrologically 

disconnected polygons (striped) to be removed from the final inundation model   
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Figure 18: All eight SLR scenarios for a portion of Duck Creek-Delaware Bay watershed showing 
hydrologically disconnected polygons (striped) to be removed from the final inundation model 
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Figure 19: Bare earth SLR inundation models for a portion of Duck Creek-Delaware Bay watershed with 

hydrologically disconnected polygons removed 

 

7. Statewide Bare Earth SLR Layers 

The county SLR layers were combined into statewide layers using the Merge function.  The 
Dissolve function was then used to combine overlapping polygons along the borders.  The 
layers were once again clipped to the layer above (e.g., 6ft layer clipped by 7ft layer to remove 
any overlap that could have been created from the merging of the county files.  Each of the 
eight resulting SLR layers was also checked for small polygons (less than several hundred square 
meters area) that were disconnected or artifacts.  The result of these analyses are the 
statewide bare earth SLR layers.       
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8. Elevated Roadways 

When the bare earth DEM was created by the LiDAR vendor, elevated roadways and bridges 
were often removed (see Figure 20), along with buildings, trees, and other non-surface 
features.  In order to assess the impact of SLR on elevated roadways and bridges, these features 
were manually identified and added to the SLR layers. 
 

 
Figure 20: Bare earth hillshade model showing bridges removed from the bare earth DEM 

   
 
The bare earth DEM, LiDAR point cloud, 2012 Delaware imagery, DelDOT bridges data, and 
previous SLR maps were used to identify the locations of elevated roadways and bridges in the 
areas covered by the SLR planning scenarios.   



  
DELAWARE SEA-LEVEL RISE INUNDATION MAPPING METHODOLOGY 
SEPTEMBER 2016 23 

 

 
The new 7ft SLR bare earth layer was used to identify which roadways would never be 
inundated in the new SLR scenarios and which would be inundated in some of the SLR scenarios 
(Figure 21). 
 

 
Figure 21: Bare earth hillshade model and 7ft SLR layer showing elevated roadways and bridges which 

would not be inundated at any of the SLR scenarios and those which would be inundated for some 
scenarios 

The 162 roadways and bridges identified as never being inundated were removed from each of 
the eight SLR layers using the Erase function (see Figure 22).   
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Figure 22: SLR map showing bridges removed from the final layers 

The 92 elevated roadways and bridges which were identified as being inundated for some of 
the SLR planning scenarios were each manually examined (see Figure 23).  The LiDAR point 
cloud was used to create a 1-m digital surface model (DSM) using the minimum bin method 
(the value of minimum point within the grid cell was chosen).  This created a grid based model 
of the road surface which was then used with the corresponding watershed MHHW level to 
determine the extent of inundation at for each of the SLR scenarios (Figure 24).  This resulted in 
layers for each SLR scenario that included the area to be erased for each of these bridges.  
These layers were used to adjust the bare earth SLR layers using the Erase function (Figure 25).   
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Figure 23: Bare earth SLR layers showing how a bridge not included in the bare earth DEM would be 

inundated for some SLR scenarios   

 
Figure 24: DSM showing the land surface with the bridge included.  The DSM has been classified to 
match the SLR scenarios, allowing identification of which areas will be inundated for each scenario. 
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Figure 25: Final SLR layers adjusted based on the actual bridge surface elevations 

After all bridges and elevated roadways were accounted for in the SLR layers, the Multipart to 
Single Part function was again applied to each layer to separate polygons divided by the bridge 
clipping.  The layers were clipped to the layer above, and small fragment polygons were 
examined and those not representing necessary information were removed.  The resulting 
eight statewide layers constitute the bathtub-model SLR coastal inundation mapping for the 
state of Delaware. 
 

9. Final Products 

The final products of these analyses are a geodatabase containing eight layers representing the 
bare earth bathtub-model Sea-Level Rise coastal inundation mapping (see Section 7) and eight 
layers showing the SLR coastal inundation mapping with elevated roadways and bridges 
accounted for.  These layers include surfaces from Mean Higher-High Water (MHHW) to 7 feet 
above MHHW, in 1-foot increments. 
 


	Delaware Sea-Level Rise Inundation Mapping Methodology
	1. Watershed Identification
	2. MHHW for Each Watershed
	3. Watershed Based DEM Analysis
	4. Conversion to Polygon
	5. Polygon Simplification
	6. Removal of Disconnected Areas
	7. Statewide Bare Earth SLR Layers
	8. Elevated Roadways
	9. Final Products

