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Coastal National Elevation Database (CoNED) Project 

Integrated Topobathy Models for the Coastal Zone 

 A USGS (CMGP, NGP) – NOAA 

(NGDC, NGS, OCS) – USACE 

(JALBTCX) collaboration. 

 Geographic scope extends inland 

from the Fall Line offshore to the 

edge of the Continental Shelf.

 The CoNED Applications Project 

is:

1) Working with USGS NGP, NOAA, 

and USACE to help build 3D 

Nation in the coastal zone by 

assimilating the land surface 

topography with littoral zone and 

continental shelf bathymetry.

2) Constructing seamless 

topobathymetric elevation 

models for a sequence of US 

regions.

3) Conducting “algorithm point 

cloud (lidar / SfM) research” for 

land change science.



CoNED Applications Project 

Science Goals                                
1) Support coastal and marine spatial planning, by constructing the Coastal 

National Elevation Database  (CoNED) at select focus regions thereby 

establishing a topobathymetric baseline product for scientific investigations and 

applications.

2) Populate the extended topobathymetric data structure and publish prototype 

CoNED Datasets for pilot focus regions at the Alaskan North Slope, San 

Francisco Bay, Northern Gulf of Mexico, Sandy Region, and the Pacific 

Northwest.

3) Conduct algorithm remote sensing (lidar) research to extend the data structure 

for topobathymetric elevation models and create methods for fostering land 

change science studies. 

4) Work in partnership with USGS NGP to construct 3DEP in the ‘landside” coastal 

zone, while collaborating with the USACE and NOAA to assimilate littoral zone 

and continental shelf bathymetry.



Topobathy Application: “custom” Shoreline Delineation
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 Intersecting a vertical reference surface through the seamless merge elevation model                            

results in changes in the shape and location of the shoreline



Topobathy Application: Sea Level Rise (SLR) 

Vulnerability Modeling



Topobathy Application: Coastal Storm Surge Modeling



Topobathy Application: Fluvial Geomorphology 



Topobathy Application: Change Detection  

Credit:           

Wayne Wright 

(USGS)

John Brock

(USGS)



U.S Federal Mapping Coordination – Mapping 

Priorities and Planned and Ongoing Projects



United States Interagency Elevation Inventory –

Hurricane Sandy Topographic and Bathymetric Data 



Topobathymetric Elevation Models - CoNED

 Topobathymetric elevation models  are a merged rendering of both 

topography (land elevation) and bathymetry (water depth) to provide an 

integrated seamless elevation product

 Data sources

 Light Detection and Ranging (Lidar)
 Airborne (NIR-1064nm)

 Terrestrial Ground-Based (NIR-1064nm) 

 Topobathymetric (CZMIL:  Green-532nm)

 Structure-from-Motion (SfM) 

 Bathymetric Sonar (Acoustic)
 Multi-Beam

 Single-Beam

 Swath

 Hydrographic Surveys

terrestrialmarine intertidal



Elevation Reference Systems



Coastal National Elevation Database (CoNED)

Topobathymetric Elevation Models – Great Lakes
 Land Extent: Open lake shoreline to the landward boundary of coastal watersheds (USGS 

Watershed Boundaries Dataset)

 Includes inland bathymetry (up river channels) where available  

 Lake Water Extent:  Open shoreline to 200–meter isobath depth limit but variable pending 
TBDEM model requirements (Sand resource management – application example)

 Spatial Specifications:

 Projection / Coordinate System:  Universal Transverse Mercator (UTM)

 Horizontal datum:  NAD83 (2011)

 Vertical datum:  NAVD88 (Current Geoid, GEOID12B)

 Cell size:  1 Meter

 Lidar Accuracy Specifications:

 Topographic Lidar:  Quality Level 2 (QL2) – 0.7 meter pulse spacing, 2 points per sq. meter,                          
10cm RMSEz

 Bathymetric Lidar:  Quality Level 2 (QL2) – 0.7 meter pulse spacing, 2 points per sq. meter,  
0.25, 0.0075 vertical accuracy coefficients (IHO S-44), 10cm RMSEz

 Land / Water Masking:  20m (Land) and 200m (Water)

 Interpolation:  Terrains (Lidar) and Empirical Bayesian Kriging (Bathymetry)

 Spatial Organization– Consistent resampling, cell alignment, multi-temporal stacking

 Updating – Spatially Referenced Metadata 



Enabling Science and Decision-Making:                                        

USGS Coastal Storm Modeling System (CoSMoS)

San Francisco Bay Region – 2m

Topobathy Model (2012) 



Construction of the NGOM Region TBDEM Responds to the Needs of 

System Level Models that was Described in the LA CPRA 2012 State 

Master Plan

Modified from CPRA (2012)
http://www.lacpra.org/assets/docs/2012%20Master%20Plan/Fi

nal%20Plan/appendices/Appendix%20D-

Decision%20Support%20Tools-ModelsFINAL_wTpg.pdf

USGS CoNED – NGOM  Integrated Topobathymetric 

Elevation Model 



Hurricane Sandy Region – CoNED                                

Integrated Topobathymetric Elevation Models  



Chesapeake Topobathymetric Elevation Model

Absolute Vertical Accuracy  Assessment



Chesapeake Topobathymetric Elevation Model

Absolute Vertical Accuracy – RMSE by NLCD



Integrated 1-Meter Topobathymetric Digital Elevation                

Model (TBDEM) – Southern California (USGS CoNED) 



Integrated 1-Meter Topobathymetric Elevation             

Model (TBDEM) Central California (USGS CoNED)

Vertical Accuracy = 0.31 meters RMSE

Vs NGS GPS on Benchmarks

Monterey Bay Area



Integrated 1-Meter Topobathymetric Elevation             

Model (TBDEM) Central California (USGS CoNED)

Half Moon Bay

Pillar Point Harbor

Mud Creek

Landslide 



Integrated 1-Meter Topobathymetric Elevation             

Model (TBDEM) for Oahu, Hawaii (USGS CoNED)



Pacific Northwest Topobathymetric DEM                                               

Subregion Development Areas - Plans



CoNED Applications Project –

TBDEM Future Plans (FY18-FY21) 



Additional Algorithm (Remote 

Sensing) Research – CoNED Project 



Wetland Extent Mapping Lidar – First Return Lidar – Point Density Wetland Extent Polygons

Coastal Forests: Habitat Change

Landscape Position Delineation: 

Emergent Marsh vs Upland Edge

Wetland fragmentation: implications for 

valuable fisheries, threatened/endangered 

shorebirds, and water quality. Wetlands act 

as a natural barrier to storm surge.

Wetland Extent Mapping & Landscape Position 

Research   



Erosion

erosion

no change



Parker River, National Wildlife Refuge, MA

CoNED – Wetland Extent Mapping Research 

2014 Lidar – Parker River, NWR 2011 Lidar – Parker River, NWR



Pacific Atolls are Endangered and Poorly Mapped

1) Very low and poorly known 

topography.

2) Very steep and poorly mapped 

bathymetry.

3) Available freshwater is limited 

to a shallow lens.

4) A mix of unconsolidated and 

consolidated carbonate 

sediments.

5) Changing coral reef status and 

biogeomorphology.

There are over 2000 islands in the Pacific that are extremely vulnerable to sea-

level rise, tsunamis, storm surge, coastal flooding, and climate change that could 

impact the sustainability of their infrastructure, groundwater, and ecosystems. 



Majuro Atoll, RMI:  1–Meter DEM Project 

Improving Elevation Mapping in the Pacific    

Project Co-Sponsors: Project Collaborators:  

Primary Goal:  To Generate a 1-Meter Digital Elevation Model (DEM) for the Majuro Atoll 
Derived from UAS-Based Structure-from-Motion (SfM) Point Clouds and GPS



IWG-OCM Satellite-Derived Bathymetry (SDB) 

Mapping Task Team

Credit:  C. Parrish, OSU Credit: S. Poppenga, USGS CoNED, Landsat 8 SDB



Majuro Atoll – Satellite Derived Bathymetry (SDB) 

Improving Elevation Mapping in the Pacific   

Landsat 8 (August 8, 2014)



Validation SfM No. points ME (m) MAE (m) RMSE (m)

SfM 3-D point cloud P.E. 104 0.000 0.029 0.040

SfM 3-D point cloud 69,648 0.053 0.145 0.191

BE DEM (1 m resolution) 71,373 0.009 0.144 0.197

Validation SDB No. points ME (m) MAE (m) RMSE (m)

L8 B/G band ratio - overall 16711 0.947 0.980 1.065

L8 C/R band ratio - overall 3090 0.285 1.408 1.478

WV-3 B/G band ratio - overall 9632 0.866 0.919 1.112

L8 B/G band ratio; 0 to -4m 801 -0.199 0.479 0.608

L8 C/R band ratio; 0 to -4m 125 -0.913 1.038 1.478

WV-3 B/G band ratio; 0 to -4m 1239 1.253 1.327 1.640

L8 SDB B/G band ratio; < -4m 16140 0.336 1.005 1.082

L8 SDB C/R band ratio; < -4m 2965 0.285 1.423 1.488

WV-3 B/G band ratio; < -4m 8393 0.810 0.859 1.011

P.E. = Precision Error B = Blue band ME = Mean Error

WV-3 = WorldView 3 G = Green band MAE = Mean Absolute Error

L8 = Landsat 8 R = Red band RMSE = Root Mean 

SDB = Satellite Derived

Bathymetry

C = Coastal band Square Error

No Data



Majuro Topobathy Fly-by Video

https://doi.org/10.5066/F7416VXX



CoNED Communications                                                                                        

USGS CoNED Applications Project – CMGP                    

 CoNED Project -- https://topotools.cr.usgs.gov/coned/



daniels@usgs.govQuestions



CoNED Communications                                                                                        

CoNED Topobathymetric Elevation Model Availability                    

 Available in USGS Earth Explorer (EE) -- http://earthexplorer.usgs.gov/

 TBDEM Products Page -- https://lta.cr.usgs.gov/coned_tbdem



CoNED Project Partners and Customers

 DOI Pacific Islands Climate Science Center – Improving Elevation Mapping in the Pacific

 USGS Land Remote Sensing (LRS) Program – Lidar Canopy and Vertical Land Transformations 

 USGS Land Change Science (LCS) Program – Sea Level Rise Vulnerability

 USGS National Geospatial (NGP) Program – 3D Elevation Program (3DEP) 

 USGS Ecosystems

 National Wetlands Research Center (NWRC) – Topobathymetric data

 Leetown Science Center – Inland Bathymetry & Lidar Vegetation 

 USGS Water Science Centers – Groundwater and Hydrologic Modeling 

 New Jersey  – Sandy Hook

 New York – Jamaica Bay and Fire Island 

 USGS PCMSC - Coastal Storm Modeling System: CoSMoS  

 USGS WHCMSC – Wetland Synthesis

 NOAA National Centers for Environmental Information (NCEI) formally NGDC

 NOAA Office for Coastal Management (OCM) – Sea Level Rise Viewers 

 USACE Joint Airborne Lidar Bathymetry Technical Center of Expertise (JALBTCX)

 The Nature Conservancy (TNC) – Coastal Resiliency Viewers

 Coastal Protection and Restoration Authority (CPRA) – Wetland Restoration / Flood Prediction 

 Virginia Institute of Marine Sciences (VIMS) – Wetland Extent Validation Research 

 George Mason University – Frictional Surface Roughness Research & TBDEM Validation 

 College of Staten Island – Storm Surge Workshop, Hydro-enforcement Research

 South Dakota State University – UAS Research 


