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Topobathymetric Elevation Models (TBDEMs) 

▪ Topobathymetric elevation models  are a merged rendering of both 

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

integrated seamless elevation product

▪ Elevation 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

▪ Satellite-Derived Bathymetry

TerrestrialBathymetry Integrated Inland Elevation 



Southeast Texas Pilot National Topography Model (NTM) – 

Requirements / Specifications and AOI

▪ Spatial Resolution:  1-Meter 

▪ Projection: UTM Zone 15N

▪ Horizontal Datum:  North American Datum of 1983 (NAD83 
2011)

▪ Vertical Datum:  North American Vertical Datum of 1988 
(NAVD88)

▪ Geoid – Geoid12B

▪ Lidar Quality Level Specifications / Point Density:

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

▪ Bathymetric Lidar:  Quality Level 2 (QL2B) – 0.7 meter 
pulse spacing, 2 points per sq. meter,  0.25, 0.0075 
vertical accuracy coefficients (IHO S-44), 10cm RMSEz

▪ Gap–Filling:  Smooth interpolate transition between 
land/water interfaces and moderate to high-resolution 
bathymetry data sources

▪ Land / Water Masking for Integration  

▪ Interpolation:  Terrain/TINs (Lidar) and Empirical Bayesian 
Kriging / Spline (Sonar)

▪ Nesting:  Consistent Resampling, Cell Alignment (Pixel 
Edge), and Spatial Resolution

▪ Spatially Referenced and Compliant FGDC Metadata

SETxNTM AOI



US Interagency Elevation Inventory (USIEI)
https://coast.noaa.gov/inventory/



NOAA Bathymetric Data Viewer
https://www.ncei.noaa.gov/maps/bathymetry/



NOAA Data Access Viewer (DAV)
https://coast.noaa.gov/dataviewer/#/lidar/search/



USACE Hydrographic Surveys (eHydro)
https://www.arcgis.com/apps/dashboards/4b8f2ba307684cf59

7617bf1b6d2f85d



Texas – SETx Integration Pilot 

662 – Hydro 

Navigation

Surveys 



Texas Natural Resources Information System

https://data.tnris.org/



USGS – Inland Bathymetric and                           

Topobathymetric Inventory   

https://www.sciencebase.gov/catalog/item/5fce600bd34e30b912396ad0



Coastal National Elevation Database (CoNED) Project 

Methods and Tools 



Topobathymetric – Integration Workflow

TBDEM

Total 

Propagated 

Uncertainty 

Source Error + Datum Error + Interpolation Error 

Spatial Metadata



Elevation Reference Systems



Datum Transformation and Uncertainty  
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SETx Pre-Processing Steps for Topographic Lidar:

• Spatial Pre-Processing Steps (Topographic Lidar):

• Mosaic Rasters or Grid Point Cloud Data

• QA/QC Processed Raster

• Compute Basis Statistics

• Check Projection – Define / Reproject to Final Spatial Reference

• Generate Simple Raster Boundary

• Check for Small Raster Voids, Fill Raster Voids if they exist 

• Breakline Processing – If no vendor breaklines exist, generate from point 

cloud using ConVex Hull Algorithm and manually adjust.   

• Check Vertical Datum, Convert to Final Spatial Reference if necessary

• Clip Final Raster to SETx Project Area of Interest 



Southeast Texas – 3D NTM Pilot Model

TBDEM Highlights:                           

▪ Raster Format: 
Cloud Optimized 
GeoTIIFF (COG)

▪ Raster Size:  67.33 
GB

▪ Minimum Elevation 
= -34.43 Meters

▪ Maximum Elevation 
= 100.04 Meters

▪ Absolute Vertical 
Accuracy = 0.27m 
compared to 82 
NOAA NGS GPS on 
Benchmarks

Credit:  Jeff Danielson and 

Cynthia Miller-Corbett, USGS

Danielson, J.J., Miller-Corbett, C.D., and Thatcher, C.A., 2023, 
Southeast Texas Pilot National Topography Model (NTM), 1933 to 
2021: U.S. Geological Survey data release, 
https://doi.org/10.5066/P9N4WLC8. 



Southeast Texas – 3D NTM Pilot Model

SETX NTM

Bathymetry

Coverage



Southeast Texas – 3D NTM Pilot Model                        

Spatially Referenced Metadata (Sources) 

SETxNTM By the Numbers:                           

▪ 18 Layers Make-up the Spatial Metadata

▪ 11 Unique Topography/Bathymetry 
Sources

▪  6 Federal and State Source Organizations

▪ Topography:  2016 to 2018

▪ Bathymetry: 1933 to 2021



Southeast Texas – 3D NTM Pilot Model                        
Texas Water Development Board:  Keith Lake-Salt Bayou 

TWDB Bathymetry:                           

▪ Source Vertical Datum: NAVD88 (2007)

▪ Source Vertical Units:  Feet  (2007)

▪ Single-Bream Sonar: Tracklines 

TWDB: Keith Lake-Salt Bayou (2007)   



Southeast Texas – 3D NTM Pilot Model 

TWDB: Keith Lake-Salt Bayou 



Southeast Texas – 3D NTM Pilot Model 

TWDB: Keith Lake-Salt Bayou 



Southeast Texas – 3D NTM Pilot Model                        
USACE Galveston District:   Neches/Sabine Waterway

USACE Bathymetry:                           

▪ Source Vertical Datum:  MLLW (2021), MTL (2007)

▪ Source Vertical Units:  Feet (2021), Meters (2007)

▪ Single-Bream Sonar:  Cross-Sections (50 to 100 ft. approx. spacing)

USACE Neches and Sabine Bathymetry (2021/2007)



Southeast Texas – 3D NTM Pilot Model 

Sabine River Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Sabine River Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Neches River Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Neches River Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Sabine Lake Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Sabine Pass Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Sabine Pass Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Intercoastal Waterway Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Intercoastal Waterway Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Offshore Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

Offshore Elevation Profile 



Southeast Texas – 3D NTM Pilot Model 

East Bay Elevation Profile 



Southeast Texas – 3D NTM Pilot Model                 

Hydro-Flattened TBDEM Areas (More Bathymetry)

SETx NTM Hydro-Flattened TBDEM Areas

▪ Key Comments:

▪ Located spatially in areas with no current or 
known bathymetry coverage

▪ Over 1,358 single-part features in the spatial 
metadata with areas greater than 15,000 
meters

▪ Example features include lakes, canals, 
waterways, and rivers 

▪ Water clarity is a limiting factor so acoustic 
technologies will have to be emphasized 
along with targeted bathymetric lidar 
acquisitions

▪ There is a significant need for more 
comprehensive inland bathymetry 
mapping in Southeast Texas

▪ More coordination and partnering!

Neches River



3DEP Data Collaboration Announcement (DCA) 

www.usgs.gov/3DNTM/DCA



Inland Bathymetry Research 

3DEP Lidar Explorer – Topobathy Lidar Publications  



Southeast Texas – 3D NTM Pilot Model 

USGS ScienceBase

https://doi.org/10.5066/P9N4WLC8 



San Francisco Bay Southern California Central California 

Hawaii - Oahu Northern Gulf of Mexico (NGOM) Hurricane Sandy Region 

Questions (Jeffrey Danielson, daniels@usgs.gov, 

Cynthia Miller-Corbett, cmcorbet@usgs.gov)
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