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Coastal National Elevation Database (CoNED)
Applications Project — 3DEP in the Coastal Zone

' 3DEP in the Coastal Zone

Littoral Zone
' Continental Shelf
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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:

Based at EROS.

Working with USGS NGP to build
3DEP in the ‘landside” coastal
zone.

Working with USACE and the
NOAA to assimilate littoral zone
and continental shelf bathymetry.
Constructing seamless
topobathymetric elevation
models for a sequence of US
regions.

Conducting “algorithm lidar
research”.




CoNED — Focus Regions (Current)
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Hurricane Sandy Region
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Hurricane Sandy Region
Delaware River Bathymetry
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Hydro-Enforced Topobathymetric Elevation
Model — Delaware (Hurricane Sandy)
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EXPLANATION

River Bottom Elevation Land Elevation
- High: 45 m - High:305m

- Low :14m - Low :17 m
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Hurricane Sandy Region
New Jersey / Delaware Subregion Topobathymetric Model (1-Meter)

Min. Diff -4 499 Meters

Max. Diff 1.543 Meters

Mean Diff -0.105 Meters

Std. Dev. Diff 0.582 Meters

RMSE 0.591 Meters
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Hurricane Sandy Region
New England Subregion Topobathymetric Model (1-Meter)

LEGEND

NJ_DE_Topobathy DEM

Value
meem Hight 653.18 Meters
b
= Low: -84.15 Meters

- Low : -109.91




Hurricane Sandy Region

Chesapeake Subregion Topobathymetric Model (1-Meter

Legend

Land

Elevation (meters)
- High : 530.65

- Low: 0.0

Water

Elevation (meters)
- High: 0.0

- Low:-29.85

1:3,000,000

Legend

Chesapeake Bay Topobathy Data Sources
Chesapeake_Bathy_Kriging_10m
Ches e NED13
DEMD_Norlda_2009Nov_USGS_1m
MDVA_AssataguelsNPS_2009Nov_USGS_1m
MDVA_AssataguelsRR_2010Mar_USGS_1M
MD_3Counties_2006Mar_USACE_1m
MD_5Counties_2012FebMar_NRCS_1m
MD_BaltimoreCity_2008Apr_USGS_1m_wm
MD_BaltimoreCo_2005Apr_USGS_1m_wm
MD_CalvertCo_2011Mar_USGS_1m
MD_CarrollCo_2006Mar_USGS_1m
MD_CecilCo_2005Apr_USGS_1m_wm
MD_DNR_20028ep_NOAA_1m_wm
MD_DNR_2003Mar_NOAA_1m_wm
MD_DNR_2004Apr NOAA_1m_wm
MD_DistrictColumbia_2008Mar_USGS_1m_wm
MD_GoldenBeach_2012Apr_USGS_1m
MD_HarfordCo_2007Dec_USGS_1m
MD_Hoopersisland_2011Apr_USGS_1m
MD_WorcesterCo_2011Mar_USGS_im_wm
NCDE_PostSandy_2012Nov_USGS_1_1m_wm
NCDE_PostSandy 2012Nov_USGS_2_1m_wm
NCDE_PostSandy_2012Nov_USGS_3_1m_wm
NJ_Ocean_City_NOAA_10m
PA_SouthCentral_2008Mar_USGS_1m
VAWVMD_R3Lot5_2012Mar_FEMA_1m
VA_11Counties_2010Apr_USGS_1m
VA_EasternShore_2010Mar_USGS_1m_wm
VA_KingWilliamCo_2011Apr_FEMA_1m
VA_LoudounCo_2011Dec_FEMA_1m_wm
VA_MiddleCos_2011May_FEMA_1m_wm
VA_Norfolk_2013Mar_USGS_1m_wm
VA_NorthCounties_2011Apr_FEMA_1m_wm
VA_PostNorlda_2009Nov_USGS_1M
WA_R3Lot1_2011Apr_FEMA_1m_wm
VA_SoHamptanCo_2012Jan_FEMA_1m

VA_Virginia_Beach_NOAA_10m




Climate and Land Use Change - -
Earth Resources Observation and Science (EROS) Center

Northern Gulf of Mexico (NGOM)
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August 2015 Status
Area mi*
Completed 10,409
Proposed 2,898
Total 13,307

Explanation

.' 2011 winter completed regional lidar acquisitions

’ 2013 winter completed regional lidar acquisitions

. 2015 winter 3DEP completed regional lidar acguistion

D 2016 winter 3DEP planned regional lidar acquistion

@D 2016 winter to 2017 winter 3DEP proposed regional lidar acquistion

Scale 1:2,350,000

10 0 10 20 30 miles

Image Source:

Landsat 5 Thematic Mapper Satellite Imagery is provided by the USGS Center
for Earth Resources Observation and Science. Imagery was acquired between
October 3 and Movember 11, 2011




NGOM - Louisiana
South Terrebonne Basin Acquisition

A CRMS mean marsh surface elevatiol t
¥ Excluded CRMS mean marsh surface elevation stations
@ NGS GPSonBenchmarks 5 % subset
@ Excluded NGS GPSonBenchmarks 5 % subset

Falgout Canal Road survey elevation stations
4 MGT Levee Reach H1 survey elevation stations

TE-48 Raccoon Island restoration elevation stations
= February 2015 Terrebonne Basin and Gulf Islands lidar boundary

February 2015 Terrebonne Basin and Gulf Islands 3DEP QL2 dem
High: 2.5 m
[r— I T

iy o 10 20 km
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Climate and Land Use Change - -
Earth Resources Observation and Science (EROS) Center

West Coast / Pacific Region
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2015-16 El Nino Impacts to the
U.S. West Coast

e SST CON
* WATER LEV
. WAVE ENERGY >

R ABOVE HISTORICAL EXTREME EL NINOS
ALIES +15 20 CM ACROSS THE REGION

RECOR D ACR THE U.S. WEST COAST
e TOP3EL NINO-EVENTSINCE AT LEAST 1870




“Fragmented” Accurate Topobathymetric Mapping is
Needed to Enable Planning to Increase the Resilience of
U.S. Pacific Islands to Sea Level Rise:

* Many U.S. Pacific islands are atolls
fringed with coral reefs and have
maximum elevations of 3-5 m, with

mean elevations of 1-2 m.

e Sealevel in the western Pacific Ocean
has been increasing at a rate 2-3 times
the global average, resulting in almost
+0.3 m of net rise since 1990.

e The 2012 US National Climate
Assessment provided global sea level
rise scenarios that ranged from 0.2 to
2.0 m by 2100.

2 USGS



Pacific Atolls are Endangered and Poorly Mapped

1) Very low and poorly known
topography.
. 2) Very steep and poorly mapped
bathymetry.

lomerate piatform) T3

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

2 USGS




Improving Elevation Mapping in the Pacific
Alternatives to Airborne Lidar

Airborne lidar is the gold standard for mapping elevation over large areas, but
e It's expensive.
e It’s challenging for mapping small, remote islands in the Pacific.

Other options for mapping topography or

bathymetry:

e GPS (useful for calibration and validation,
surveys of small areas)

e Terrestrial lidar (very detailed, accurate
mapping of relatively small areas)

e Structure-from-Motion photogrammetry
(detailed mapping of larger areas, especially
useful in unvegetated terrain such as beaches)

0 o 200kiemeters | ® Bathymetry derived from satellite images such

_Australi | | | o @ o
— as Digital Globe, WorldView, and Landsat.
Map of the Marshall Islands

Marshall Islands
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Pacific Islands — He’ela Field Test
Improving Elevation Mapping in the Pacific

e Representative of Pacific Island coastlines: dense mangroves, wetlands,
fringing coral reefs, shrub/scrub vegetation near shoreline, dense vegetation.

e Purpose of Oct. 2015 field survey: Filling elevation data gaps; collecting
validation data; testing low-cost elevation mappmg technlques in Oahu for

future use on more remote Pacific Islands. SRR T

Q A0

TheNature
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He’ela, Oahu Field Test — Wetland Survey

Improving Elevation Mapping in the Pacific

" Imagé: USFWS 5“‘; @

Wetlands covered with
invasives including California. -°
Grass and Job’s Tears °

Hawaiian Stilt

Taro Fields

© Groundwater Wells

a GPS Survey points

GPS base station

150 300 Meters




He’ela, Oahu — Field Test
Wetland — Airborne Lidar Accuracy

Bare earth elevation accuracy: Overall Root Mean Square Error
(RMSE) reported in metadata: 0.101 m. »N
RMSE in vegetated areas= 0.169 m. :,2*'; e

Error was recalculated using GPS data from field survey, - ’_’/ A |
focusing on very heavily vegetated areas. i ‘\ I \:

Dense wetland grasses up to 2m
Mean error in tall wetlands | in height

RMSE calculated from field survey data

o

Indicates that airborne
lidar has a positive
elevation bias in
wetlands- laser did not
penetrate dense
grasses.

RMSE (meters)
o o
~

o
Mo

Short grass/ Wetlands/ Tall Mangroves
bare earth taro fields wetlands




He’ela, Oahu Field Test — Upland Area
Integrated DEM from Multiple Sources

A Srey=Fidar point cloud No airborne lidar data is available at this location

StM accuracy - tested with 85 GPS / TS
independent points

T-lidar accuracy — tested with 136 GPS / TS points
RMSE(v) t-lidar only DEM: 0.557m

RMSE(v) StM only DEM after alignment: 0.37m
RMSE(v) of combined data DEM: 0.45m

RMSE(v) NOAA Oahu 1 arc sec. (~ 30 m) topobathy
DEM at this location: 5.314m

DEM from Terrestrial Lidar and
Structure-From-Motion Point Clouds

DEM fvomTerre strial Lidar and £ 3
St -From-Motion Point Clouds 3 Wr - E tion




He’ela, Oahu Field Test — Fish Pond Wall
Improving Elevation Mapping in the Pacific

B

2013 airborne lidar Structure from Motion
point cloud point cloud

Structure-from-Motion (SfM)

2 USGS
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Pacific Islands — Satellite Derived Bathymetry
Improving Elevation Mapping in the Pacific

Bathymetric survey data
are required for calibration
of relative bathymetry v

measurements
channel

Kane ‘ohe Bay
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Pacific Islands — Satellite Derived Bathymetry
Landsat 8 and WorldView (Log Ratio Estlmate)

WorldView-2
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Algorithm Research, Workshops, and
Future Plans (FY17+ Focus Regions

USGSCoastaI Annual Update "Author: Jeffrey J. Danielson



Hurricane Sandy Region
CoNED — Wetland Status Mapping Research

Wetland Extent Mapping
Barnegat Bay — New Jersey Lidar — First Return Lidar — Pomt Den5|ty Wetland Extent Polygons

EXPLANA

Ir'h'bacts of Hurricanes on Coastal
Forests: Habitat Change

Wetland fragmentation: implications for
valuable fisheries, threatened/endangered
shorebirds, and water quality. Wetlands act
as a natural barrier to storm surge.

==

Mapping water depths

In estuaries: identify new sediment in
el channels after Hurricane Sandy.
el  |mportant for navigation safety, water
quality, vulnerability to future storms.




Hurricane Sandy Region
'CoNED - Wetland Status Mapping Research

+Purple lines- water mapped in 2014 but not in 2010. 2014 &
TRI is generally more detailed- looks like most of these
water bodies existed in both years.

: | TRI 2010 [
[ ]Tri 2014

*Blue lines- water mapped in 2010 but

not in 2014

[ ]TrRi2014

| TRI 2010

*Background image: 2015 : | : *Background image: 2015

[i] 0.5-, 1 Ki_lq_m,etgr_s } e i} 0.5 1 Kilometers

ZUSGS




Hurricane Sandy Region
CoNED — Wetland Status Mapping Research
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Southern California and Alaska North Slope
Iff Delineation and Metrics — Research

CHif profle, £768

|Automatic Delineation of Seacliff Limits Using Lidar-derived High-
resolution DEMs in Southern California

Monica Palaseano-Lovejoyl, Jeff Danielson2, Cindy Thatcherl, Amy Foxgrover3, Patrick Barnard3,
John Brock4, Adam Youngs
3.U.5. Geological Survey, Pacific Coastal and Marine
LU S. Geological Survey, Eastern Geographic Science Center  Science Center, Sznta Cruz, CA $5060, US.A.
(EGSC). Reston, VA 20191, U 8. A, mpal@uigs gov 4.U.5. Geological Survey, Cozutal and Marize Geology
2US Cwlo;xd Survey, Earth Resources Observation and Program, Reston, VA 20181, US.A
Science (EROS) Data Center, Sioux Falls, SD 57198, US.A 5.3CRIPPS Institute of Oceanography. UC San Diego,
CA92093, US

www JCRorline org

ABSTRACT

Palaseanu-Lovejoy, M., Danielson, J., Thatcher, C., Foxgrover, A., Bamard, P., Brock, J., and Young, A, 2015
Automatic Delineation of Seachiff Limits Using Lidar-derived Higk-resclution DENs in Southern California
Gesch, D., Parish, C., and Brock, J. (eds.), Advances in Topobathymetric Mapping, Models, and Applications, s

of Coastal Research, Special [ssue, No. 76, pp. y-it. Coconut Creek (Florida), ISSN -0208.

Seacliff ercsion is a serious hazard with implications for coastal management aad is often estimated using successive
hand-digitized cliff tops or bases (toe) to assess cliff retreat. Even xf:ﬁomne made to standardize mannal digitizing
and eliminate subjectivity, the delineation of cliffs is time-c and depends on the analyst’s interpretation. We
propose an automatic ;wc-.dw: to extract cliff edges fom high-resolution lidar-derived bare-earth digital elevation
models, generalized coastal shoreline vectors, and approximate measurements of distance berween the shoreline and
the cliff top. The method generates orthogonal transects and profiles with 2 minimmm spacing equal to the digital
elevation model resolution. The method also extracts the xyz coordinates for each profile for the cliff top and toe, at
well 25 second major inflections along the profile. Over 75% of the sutomated cliff top points and 78% of the toe
automated points sre within 95% confidence interval of the hand-digitized top and toe lines, and over 79% of the
digitized top points and $4% of the digitized toe points are within the 95% confidence interval of the automated top
and toe lines along a swerch of coast in Del Mar, California. Omlier errors were caused by either the failure to remove
all vegetation from the bare-earth digital eln’mon ‘mode] or ervors of interpretation. The automatic method was further
applied between Point Conception and Los Angeles Harbor, California. This automatic methed is zepeatable, takces
sdvantage of detailed topographic information within high-resolution digital elevation models, and is more efficient
than hand-digitizing.

ADDITIONAL INDEX WORDS: Seac/ift. lidar. DEM automatic procedures. ¢Iiff limits, southern California.

Cliff convexity / concavity 2006 DEM
Del Mar test site

Profile # 424

Cliff slope angle

| B A R

Profile # 435

Profile # 442

INTRODUCTION
Seacliff erosion is a coastal hazard with impacts on coastal
management infrastructure, safety, and the local economy. In
Czhfmmmcmhlnm&uiﬂlocnedmlwof
uplified marine terraces that are vulnerable to cliff-line retreat,
which occurs episodically during large storm and wave events
(G-nggmd Jobnson, 1979; Kuhnmd Shepaﬂl 1984; Banumo!

erosion ratea of coastal Cahfnrnu 7
based on agnlphmos lndm!mmlﬁaxdm,n‘alged-ﬂB

2 (Biapk
ﬂ:e \ulm: change and failure dynamics ofﬂn su:h.ﬁ'ﬁc&
can be captured directly by successive lidar scans (Sallenger er
al., 2002; Young and Ashford, 2006; Collins and Sitar, 2008;
2013), traditionally the recession of the cliff top or
<liff base is obtained fom hand-digitizing aenial photographs,

SI.IXM 1 recerved (Day Month Year); accepted in

palBus
Coastal Education and Research anbﬂmon. Inc 2015

topographic maps, or in situ surveys (e.g., Moore and Griggs,
“ODZ,H:phmd.Rgxd.,..OO Young et al., 2009). However chiff
znmumgmuihmumnf&achﬁbpmddiﬂ'hu
are key indicators of cliff behavior and are useful to coastal

managers.

Hapke and Reid (2007) proposed a standardized procedure to
hand-digitize cliff edges based on visually interpreting the break
in slope from high-resolution hillshade rendenngs of lidar-based
digital elevation models (DEMs). For very complex cliff
morphology, such as where roads or terraces cut into an existing
oliff slope or features associated with differential erosion of cliff-
forming strata are present, interpreting the location of the cliff
edze can be difficult (Hapke and Reid, 2007). Althouzh efforts
‘were made to standardize and eliminate as much as possible any
d:gxhzmgml:]!ctx\'l:h hddm-.monofdlfﬁmdothushmdlu
features is time-consuming and depsnds on the analyst's
interpretation (Ruggiero et al., 2013). Rutzinger er al. (2012)
demonstrated that breaklines manually digiized with the same
digitizing procedure as deseribed in Hapke and Reid (2007) vary
in coverage and spatial accuracy, reflecting the analyst's skall,
perception, and mtention.

Automatic procedures are fully reproducible and comparabla,
resulting in comprehensive foatures derived independently of

largins

Elevation

10 12m

238300 238400 238500 238600
Easting, UTM




Pacific Northwest Topobathymetric
Models and Applications Workshop

CoNED
Pacific NW -
Coastal Zone

Legend
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Department of Ecology, Lacey, Washington State of Washington
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CoNED Applications Project — Future Plans

Pacifi st \ wra Ry s o e

Pacific Ng

Status

- Available for Distribution
- Completed

B in Progress

0 FY2017 Startup

[ Fyzo18 startup

+ @ Hawaiian Islands Y e S TR - : ; ' I Fy2019 startup
Tk ks ' ‘,f e : FY2020 Startup
&= . s 2t o WP ot
O ) . K { ”77] EY2020 Update
¥ ¢ JE"" Vh N : [ | Fr2021 startup
b -' AR TN o [ Fr2017-FY2021 Collaboration

T

Saures: Estl, Digitalclobs,

GsoBys, Batlistar 2 n ) e ; o i =,
@sogrzphilss, CNESINbUS £ Soures: Bsri, DigizlGlabs, @sedys, Barhstar Ssagraphies, CNESAbuS DS, USDA, USES,

AN=X, Gaimapping, Aorodgid, I8N, IGR, swisstapo, and ihs GIS Ussr Cormimuniiy a3
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Special Issue - Journal
of Coastal Research

— Guest editors from
USGS, Oregon State
Univ., Center for
Coastal Studies

— Publication in 2016

Il for Manuscripts for a Journal of stal Research Issue on:
Advances in Topbathymetric Mapping, Models, and Applications

y 7

nhanced littoral

S R e S 17 papers:
e AR — Bathymetric (green laser)
lidar
— CoNED methods and
applications

— Sea cliff monitoring

— Storm surge modeling

— Benthic habitat mapping

— Satellite-derived bathymetry

u intend to submit a manuscript (contact info on n




Questions

YOU'RE RIGHT, ]
IT'S BORING. LET'S
ADD A COUPLE OF
ISLANDS.

Natural Hazards
OBSERVER
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