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Topobathy Use Cases for USGS Science

Science Applications:

Flood Inundation Mapping

Fisheries and Wildlife Habitat Modeling
Storm Surge Modeling

Sea Level Rise Vulnerability
Vegetation / Fire Management
Navigation & Infrastructure
Geomorphology

Water Quality

Hydrologic Modeling
Sediment-Transport Modeling
Hazardous Spill Response Modeling




The 3D National Topo Model (3DNTM)

Bringing 3DEP and 3DHP into alignment to improve
interoperability and achieve efficiencies
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Inland Bathymetry For Next Generation 3DEP

Goal for more systematic national

Topobathy Lidar Projects Inland Bathymetry Research:

approach River State | Year acquired ®  Assess 3D accuracy and provide
As National lead for terrestrial elevation, i recommendations related to
the USGS will serve in a complementary Kootenal 2017 sensor performance
role to other agencies to facilitate a more TR i " Understand impacts of
systematic national approach to acquiring .
. environmental factors to
topobathymetric lidar for inland rivers: S 1 WOHAWD [ eeis "
Upper Colorado co 2020 vaUISItlon
. Acquisition - Suppprt and Igv_e_rage N brars NE S = Develop pilot inland
In;?t?wigiﬁh};r?:tgtﬁzr SOC\SIeUr'aS't';)” ke e I topobathymetric DEMS, integrating
P P 9 S o I disparate topography/bathymetry
" |Integration - Produce integrated Potomac 2 2021 data U_'S'“g innovative geospatial
topobathymetric DEMs where datasets Fish Springs o techniques.
ig?/:r\;alleable to create a continuous PRI 55
9 Santiam OR 2023
= Access - Make data easily accessible Chehalis WA 2023 Cheh alis River
to the public Allegheny PA 2024
® Coordination — Bring the producers bt R '2(124
and users of inland bathymetry Pumaey SO S E
together towards common goals, oG Rey oR i SR
specifications, and best practices e e
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3DEP Lidar Explorer — Topobathy Lidar

https://apps.nationalmap.gov/lidar-explorer/#/
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3DEP Inland Bathymetry — Potomac River
2019 and 2021 Topobathymetric Lidar Acquisitions

Potomac River - 2019 Potomac River - 2021
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Potomac River Field Survey Collection

$S510
Single Frequency ,
-y

-

Single Beam Sonar

o
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9 Field Su
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201 >
2019 Field Survey
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Potomac River Phase-1 Vertical Accuracy: Lidar Point Cloud v.s. ADCP

Points 7
Brunswick Family Campground

Brunswick

Whites Ferry
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Bathy Lidar Tiles (Class 40), PPSM, Depth Distribution, and

Bathy Lidar Coverage

Potomac River — Phase 1

Bottom
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Whites Ferry 3D Accuracy (Potomac River — Phase 1)
Ground-Based Lidar (Optech ILRIS 3D) Animation

Lidar Point Cloud Trees and Buildings (colored by
elevation)
(1)White Ferry

3D Point feature from Amorphous

objects:
Kim, M., Stoker, J.M., Irwin, J.R., 3
‘ : - '-*i:"‘-x* Danielson, J.J., and Park, S., 2022, ~
. 7 AR . % =" Absolute Accuracy Assessment of Lidar :.t’_.
¥ e by, e | st Point Cloud Using Amorphous Objects,

h' o Remote Sensing 14, no. 19: 4767,

- https://doi.org/10.3390/rs14194767

+0.15-0.10-0.05 0.00 0.05 0.10 0.15
X error, in feet

Number of X error Y error Z error
points

Mean RMSE Mean RMSE Mean

Potomac River 1 14.3 cm 14.6 cm -6.1 cm 6.4 cm 0.6 cm

Potomac River 2 -19.1 cm 22.0cm 23.5cm 30.6 cm -14.1 cm

a USGS



Potomac River Phase-2 Vertical Accuracy: Lidar Point Cloud vs.. GNSS Rover

Lidar point cloud (colored by
elevation) and GNSS rover
points (white dots)
(1)Hancock

(2)McCoys Ferry
(3) Williamsport
(4)Dam4
(5)NCTC

(6) Four Locks

2739 samples:
RMSE ~ 13.2 cm

Mean offset
~-10.0 cm




Bathy Lidar Tiles (Class 40), PPSM, Depth Distribution, and
Bathy Lidar Coverage

Potomac River — Phase 2

—

) S R £ D99 = 4.38 m
Bottom
Coverage
~T77.2 %
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Seamless 1-m TBDEM Integration Workflow

Preprocessing: Filtering, gridding, ;
spatial alignments, synchronizing Raster Danielson, J.J.,
coordinate systems, horizontal Layers anc oters. 2216

vertical datums and GEOID, Coastal Research

Y CRNRR 5y Do

Seamline Integration Split Isolated Regions into
Unique Raster Groups

NoData Gap Fill
Cushing, W.M and

Prioritize Layers Based on New Step_ - ety Eﬁ'ﬁ%@é’éﬁfﬁg’ in,

Accuracy and Temporal )
Frequency Micro/Macro
Blending
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USGS CoNED - Enhanced Micro/Macro
Blending P ina Workfl

Define Categorize Merge Binary Pair Compile Classify Apply
Micro/Macro Inputs Categories Classification  Binary Stack  16-bit values elevation or
£ —20Nes g i Zore (1) s to a single 16- to blending interpolation
. @i <3 = bit Array method method used

<5 ij DhIC. - S Data (1171 coamox in final
SO o ! i = Beiow m JAbove I_D\ e|evaﬁon
- H| Res:;’ 8

»Topobathy >

‘oSonarp
-t - s

Moderate; Xes

S Crosswalk 16-bit value to

V°'C..ﬁ.?’tf°“,?‘“ P e " S @ blending lookup table

N b
"
w

Y=
E)‘

-

'3:

"_ —
W N
L

Ry
| &3

Backﬂll Iega sy DL e
““elevatlon i Eias ’ =

Cushing, W.M.; Tyler, D.J. Mitigating Disparate Elevation
Differences between Adjacent Topobathymetric Data
Models Using Binary Code. Remote Sens. 2024, 16, 3418.
https://doi.org/10.3390/rs16183418
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USGS 3DEP Pilot Topobathymetric DEMs

Kootenai River, ID, Sabine and Neches Rivers  Potomac River, MD and Willamette, Santiam, and
Northern Rocky Mountains  and coastal wetlands, VA, McKenzie Rivers,
Southeast Texas Potomac Watershed Willamette Basin, OR
(e T ‘ B g
SO e L LY D SR
~) ik
o & "_\ Ko O !
= A :?f“‘ 57 =
‘:‘ ..::ﬁ _~ ‘.'L q . 4 >t
i % K o A
& S £ 25 i
REDVE BINEE SEr -
%% h*-*’, i: j;"i ¥
U AN | i
Kootenai river habitat Southeast Texas Pilot Potomac River_Pint . FY27 Initiative
restoration project National Topography Model E)pobgthy'\r/lnetrlc Digital
bathymetric surveys near (NTM), 1933 to 2021, evel\tlon. odel, 1979 to 2025 -
Bonners Ferry, ID, https://doi.org/10.5066/P9N  itps://doi.org/10.5066/P13BB
https://doi.org/10.5066/P90C ~ 4WLC8 WDB
S5QMH
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Potomac River, MD and VA Pilot
Topobathymetric DEM

¢
4 nﬂmm sburg m

p Fredenck

M@"‘ W:ﬁy
Sgg g\hashmgmn

Ao _1,“"

Dale Cry"

Danielson, J.J., Miller-Corbett, C.D., and
Thatcher, C.A., 2026, Potomac River, MD
and VA Pilot Topobathymetry DEM, : U.S.
Geological Survey data release

Topobathymetric DEM Highlights:

WME Balt
\ 9%
/\ md@ . &emwt W v

Raster Format: Cloud Optimized GeoTIIFF (COG) (61.21 GB)
Tile Structure: 67, 10K x 10K Tiles
Projection and Horizontal Datum: UTM 18N, NAD83 2011
Vertical Datum: NAVD88 (Geoid18)
Temporal Range: 1979 to 2025
* Topography (2012 — 2021)

J Topobathy lear 2019/2021

* TBDEM Statistics:
* Minimum Elevation =-31.48 m
* Maximum Elevation = 626.63 m
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Potomac River, MD and VA Pilot Topobathy DEM
Temporal Range — Topographic Lidar DEMs
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Potomac River, MD and VA Pilot Topobathy DEM
Temporal Range — Bathymetry and Topobathymetry
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Potomac River, MD and VA Pilot Topobathy DEM
Temporal Range — Topobathymetry Lidar DEMs
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Potomac River, MD and VA Pilot
Topobathymetrlc DEM

3D Proflle TheodoreRooseveIt National Memorial
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Profile integrated layers: . i
) 5 evation Min:-1043m Avg:064m Maxc 1327 m Gamc3336m loss:-33.18m Slope Maxc34232% -7067% Awg:7.93% H12%
Topographic Lidar -USGS_Northern_VA 2024 _Block1_MD (2024)
Topographic Lidar - OCTO_Washington_DC (2022) NOAA, National Oceanic and Atmospheric Administration; NCEI, National Centers for Environmental
Sonar — NOAA_NCEI|_CUDEM_Topobathy (2014) Information; CUDEM, Continually Updated DEM; OCTO, Office of the Chief Technology Officer
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Potomac River, MD and VA Pilot
Topobathymetric DEM

3D Profile — Harpers Ferry
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@ 500
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Profile integrated Iayers: Elevation Min: 75,18 m Avg: 10324 m Max 15893 m Gain: 10402 m Loss: -97.36m Slope Max: 345.47% -241.00% Avg: 23.55% -19.94%
—— S

Topographic Lidar - USGS_MD_Western_2_D21 (2021)
Topobathy Lidar - USGS_MD_Potomac_River (2019)
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Potomac River, MD and VA Pilot
Topobathymetric DEM

Profile integrated layers:
Topographic Lidar - USGS_MD_Western_2_D21 (2021)

Topobathy Lidar - USGS_MD_Potomac_River (2021)
Sonar - Interpolated Void-Fill (2025)

3D Longitudinal Profile — Low Head Dam #4

' Bevaton Profile
98

Elevation (m)

100

Elevation Min: 9026 m Avg:92.36m Max 9748 m

200 300 40

Distance {411.2 m)

Gain: 13.02m loss-1308 m pe Max 80.58% -204.34% Ava: 5.55% -740%
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Potomac River, MD and VA Pilot

Topobathymetric DEM — Summary

3D Nation —
Importance of having
inland bathy data
seamlessly integrated
with topo data

®m Required
Highly desirable

Nice to have

Not required

®m | don't know

Potomac River Pilot TBDEM:
Inland integration of disparate topography and
bathymetry data sources from 3DEP, Maryland state,
and federal agencies
Includes two 3DEP inland topobathymetric lidar
projects for Potomac River where topobathy lidar
mapped over 85.5% of the bathymetry in the survey
coverage area
Horizontally and vertically transformed to NAD83
(2011), NAVD88 (Geoid18)
All voids filled with adjacent, backfill or interpolated
sources
Hydroflatten water surface values exist in areas with
no bathymetry coverage
100% - logically seamless between internal data
source projects, land/water interfaces, and individual
10K tile boundaries
Overall Absolute Vertical Accuracy = 0.097m
RMSE compared to 51,320 aggregate control
points

Topbathy Lidar Pts
All Validation Points

Topographic Lidar Pts

Validation type

Internal Void_Fill Pts

Overall TBDEM Absolute
RMSE = 0.097m

B RMSE Mean Difference

» RMSE

Absolute Vertical Accuracy:
Potomac River MD/VA Pilot Topobathy DEM

-0.1 -0.05 0 0.05 0.1 0.15 0.2

Root mean square error (m)




USGS ScienceBase
Potomac River Pilot TBDEM Data Release

Citation:

Danielson, J.J., Miller-Corbett, C.D.,
Thatcher, C.A., and U.S. Geological Survey,
2026, Potomac River Pilot Topobathymetric
Digital Elevation Model, 1979 to 2025: U.S.
Geological Survey data release,
https://doi.org/10.5066/P13BBWDB.

Scan me!

ScerczBsss Catslop — USGS Dats Relegse Producss — Potomac River Pilot Topobst...

Potomac River Pilot Topobathymetric Digital Elevation Model, 1979 to 2025

. Eview = l

Dates

Publicstion Date : 2026 07 13
StartDate : 1976
End Date: 2025

Citation

Danlelzon, J.J., Miller-Corzett, C.D., Thatcher, CA, and U.S. Gealogical Survey. 2026, Petamac River Piict
Topabuthymelrie Digilal Ekealion Maedel, 1579 la 2025: U8 Geolkegital Survey dati elsise,
hitps:loci.org! 10,3066 128BWUEB.

Summary

The U.S. Geological Survey (USGS) 3D Elevalion Program (IDEPR) has devalapaed ar inteqrated 1-mator
topcbethymatic '3!9“81 elavation made [TBDEM) tor the Potomec River extending *rom tdal 'Waghington, oC. w0
upshieam of Hancock, Maryland. This is the Ihied SDEP pik inland TSDEM, developed lo predose a 3 dimensional

surface clevalion moddl {hat inteqrates inpographic barc-carth clevation surfaces with river channel bed i
(0;-:0&:", metry end estuadne tathymetry. Integration of Iniana tathymetry and tare-esrth elevation datz Into ‘
............................................................................. i
¥ ... show more |
Contacts Communities
« USGS Dislis Reesiases Products
SDC Dats Owner! Ex vation and Science (EROS) Center USGS Datis Rekise: Producs: ¥
USGS Mission Area ;
Point of Contact:  Cyntnls D Miller-Corbett, Jetirey J Danleiscn, USGS EROSIUSGS NGTOC Tags
Process Contact:  Cynlhis D Miller Cuibiell, USGS EROS 7 USGE NGTOE, : 23 I S
Originator ;  U.§_ Geolegicsl Survey, Cindy A Thatcher, Cynthia D Miller- J Dsnicisen T:r“ﬂ‘ l-- ; "Em ‘r'IY" S "é]_"“)““'
Metadata Contact:  Cynthla D Miller-Corett, Jetirey J Denleison, USGS EROSIUSGS NGTOC S 'ﬁ‘ e T""' 45 apOely, . DOUrdHes
elevation, g ificinfarmatic
Distributor: U8 Genkigical Suieny - StisneeBase f:c g iRcinfanmation;
iz eryBaseh:
TAGO57eah? Place : ARxandra County, Allegsay County,
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Questions (Jeffrey Danielson,

Cynthia Miller-Corbett,

USGS

X


mailto:daniels@usgs.gov
mailto:cmcorbet@usgs.gov
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