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National hydrographic offices need to periodically assess
the adequacy of information on existing nautical charts for
survey planning and prioritization.

One of the key factors is the
adequacy of the charted
bathymetry.

Hence, there is a need for low-
cost, up-to-date SRR
. £ . | ) Legend
reconnaissance surveys. LTS TGS .o years

[J]<100 years

[J < 150 years or
unknown
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Several approaches have been developed for SDB:

Analytical methods that are usually designed for a specific data set.

Optimization approach that assumes vertically invariant water column
and bottom conditions that requires to fix all but one parameter. A sub-
category of this approach is a ratio approach that derives bathymetry

based on the log ratio (or ratio of logs) of two bands.

Look-up tables (LUT) that use a comparative method for bathymetry
classification based on large database generated from radiative

transfer models.

Note:

For an algorithm that can be used by the hydrographic community on a COTS GIS software,
a ratio transform algorithm based from an optimization approach provides a robust solution
that does not require to sample the environment or generate a database.




2003 — Stump’s algorithm for SDB

2010 — Developing the SDB (Nigeria and Belize)

2012 — IHO-10C Gebco Cook Book
2013 — Integration of single-image SDB approach

2014/2015 — Development and integration on multi-
Image SDB approach
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Reconnaissance tool
— Chart adequacy and survey planning
— Magenta line

Chart Adequacy
— Risk assessment (incorporated with AlS datasets)
— Monitoring dynamic seafloor regions

Emergency response
— Sandy response efforts

International collaboration and outreach
— Gebco (cook book and short-term internships)
— Haiti

— Graduate programs (Brazil, Nigeria and Ghana)
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L andsat 7 Landsat 8 (LDCM) WorldView?2

Launch Date: 4/1999 Launch Date: 2/2013 Launch Date: 10/2009
Organization: NASA/USGS program Company: DigitalGlobe
Swath: 185km Swath: 18 km

Ground resolution: 28.5m Ground resolution: 2m
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Chapter 11.0 LANDSAT 7 Satellite-Derived Bathymetry

Contributed by 5. Pe'eri, B. Madore and L. Alexander, Center for Coastal and Ocean Mapping,
US4, C. Parrish and A. Armstrong, National Oceanic and Atmospheric Administration, USA,
and C. Azuike, Nigerian Navy Hydrographic Office Lages, Nigeria

Since the 1970, satellite remote sensing has become increasingly recogmzed as a useful
reconnaissance tool to map near-shore bathymetry, characterize a coastal area and to monitor
seafloor changes that may have occurred since the last hydrographic survey was conducted.
Satellites allow for the capturing of images over broad expanses of the Earth. The following
procedure provides the user with an inexpensive and quick approach to derive bathymetry from

satellite imagery. The data sources used in the procedure below are publicly-available imagery
IHO-'OC GEBCO collected by LANDSAT 7 satellite using the Enhanced Thematic Mapper Plus (ETM+)
instroment and chart soundings.
Cook Book i —

1. Pre-processing — Satellite imagery is downloaded based on the geographic location and
environmental conditions (e.g., cloud coverage and sun glint) had to be used.

. Water separation — Dry land and most of the clouds are removed.

. Spartial filtering — *Speckle noise” in the Landsat imagery is removed using spatial
filtering.

. Applying the bathymetry algorithm — The Stumpf et al. (2003) algornthm using the
blue and green bands.

. Identifying the extinction depth — The optic depth limit for inferring bathymetry (also
known as, the extinction depth) is caleulated.

. Vertical referencing — A statistical analysis between the algorithm values to the chart
soundings references the Digital Elevation Model (DEM) to the chart datum.

For more details on satellite-derived bathymetry and hydrographic applications, please refer to
Pe'erietal. (2013).

Pe’eni, 5., C. Pamish, C. Aznike, L. Alexander and A. Armstrong, 2013. Satellite Remote
Sensing as Recc i ce Tool for A ing Nautical Chart Adequacy and
Completeness, Marine Geodesy (submitted).

Stumpf, ., K. Holderied and M. Sinclair, 2003, Determination of water depth with high-

resolution satellite imagery over variable bottom types, Limnology and Oceanography,
48, 547-356.

February 2013 IHO Publication B-11
I0C Manuals and Guides, 63




Uncertainty Surface for Belize Satellite-Derived Bathymetry

E
41

Pe'eri, S., C.E. Parrish, C. Azuike, L. Alexander, and
Depth TPU A. Armstrong, 2014. Remote Sensing as a
High: 1.8 m Reconnaissance Tool for Assessing Nautical Chart

B Low:0.6m Adequacy and Completeness, Marine Geodesy,
37:3, 293-314, DOI: 10.1080/01490419.2014.902880.
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Will be presented at
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Thursday 11:30 am




Reconnaissance tool
~~Magenta Line

SDB (Landsat 8) over Bogue Inlet, North Carolina.
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..-Bechevin Bay; AK

Satellite-derived bathymetry (WV-2) from March 2013 over
Bechevin Bay, AK.
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Direct measurement of the bathymetry
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Satellite-derived bathymetry (Landsat 8) from March 2014 over Bechevin Bay,
Alaska. The bathymetry is overlaid on a NOAA chart and the channel (red
outline) from 2013 is depicted using USGC'’s aid-to-navigation (ATONS). 14
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SDB multlple Image app?oac
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What can be done with multiple images over the same area during a given
perlod of time?

Coordinates: 41.75953 -71.35334 =
Acquisition Date: 19-APR-14

Path: 12

Row: 31
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Entity ID: LC80110312014102LGN00

Coordinates: 41.75972-69.80926
| Acquisition Date: 12-APR-14
(13 Path: 11
Row: 31

— (IHd 20

Entity ID: LC80120312014093LGN00 [ \

| Coordinates: 41.75946,-71.35844 = fA T \
Acquisition Date: 03-APR-14 taten) Rhodle'lsland
|14 Path: 12 o
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Entity ID: LC80110312014086LGN00
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| Coordinates: 41.75978,-69.79657  J
. Acquisition Date: 27-MAR-14 N Atlantic City
(15 Path: 11 /
Row: 31 ,Cape/May
} ., Y 2 M /#CourtHouse
— $8d7Le Google

Entity ID: LC80120312014077LGN00 The up-to-date Google map is not for purchase or for download; it is to be used as a guide for reference and search purposes only.

 Coordinates: 41.75962,-71.36134
' Acquisition Date: 18-MAR-14
(16 | Path: 12 v

Map data ©2014 Google Imagery 82014 TerraMetrics | 50 km L————1 | Tems of Use

(EarthExplorer.USGS.gov)




Chart Ad equEdys

Arctlc

Slngle |mage approach
(Acquisition date : July 18, 2002)

Ice

Extinction depth: 4.5 m (15 ft) 16




Chart Ade 0ECY

Arctlc

Multiple-image procedure

Aug 31, 2000- Aug 11, 2013

Aug 15, 2000- Aug 11, 2013

| Aug 15, 2000 - Aug 31, 2000

| Sep 06, 2002 — Aug 11, 2013 o o
* 1o (Il be happy to explain the full procedure workflow offline).
| Sep 06, 2002 — Aug 31, 2000

| Sep 06, 2002 — Aug 15, 2000

Six dataset were produced from
the four available images (three
pairs). All the dataset were
merged into one dataset.

The data set was referenced to the
chart datum.
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Bathymetry derived from Landsat 7 and Landsat 8 imagery over the Arctic north slope
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Emergency Respénise

Superstorm Sandy

oblique aerial image acquired at low tide on Aug. 26,
1997 (Department of Environmental Protection, State

of New Jersey 2000).
(29-Sep-2012)
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International.colld
Haiti

NOAA-NGA’s 2013 efforts supporting the Service Maritime et
de Navigation d'Haiti (SEMANAH).
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NGA Rasfe} Harbor
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NGA Raster Approach




International .collaboration
Haitl

NGA Chart 26148, Baie de L'Acul and Approaches, 1:20,000

COMPILATION DMAGRAM

Sources

A - US Navy Survey 1982 _

B — US Navy Survey 1915-16 Value
" High: 16

Low: 0




International Coﬁabératlo“
Haiti

Satellite derived bathymetry over NGA Chart
(26148)
Baie de L'Acul and Approaches
(Scale:1:20 000)
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International coffaberation
‘Big Creek, Belize
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Four Landsat 7 images (RGB) covering
most of the US Arctic North Slope.

_;Landsat7 imagery (1999-2000)

Landsat 8 versus WV-2 coverage
over Port-au-Prince, Haiti. A WV-2
image (IR band) overlaid on NGS
Chart 26184 (1:50,000). The NGA
chart is overlaid on a Landsat 8
image (RGB image).
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“reference sources

Elevation difference over Buck Island study site between satellite-derived
bathymetry (Landsat 7) and the lidar reference bathymetry (LADS MK-II)
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« Landsat imagery Is publically-available and
free.

* Procedures for different hydrographic

applications are being developed (some are
already available).

In addition to work conducted at NOAA the
procedure can have a broader impact.
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