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SDB: Technical overview 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

• Approaches:  
• Inversion methods (e.g., Lyzenga 1978, 2006; Philpot 1989) 

• Ratio approaches (e.g., Dierssen et al. 2003; Stumpf et al.  2003) 

• Look-up tables (LUT) (e.g., Louchard et al. 2001) 
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– Developed a satellite-derived procedure using ArcMap. 

– Demonstrated proof of concept in US (MA), Nigeria and Belize. 

– Estimate the product accuracy.  

– Broadened our collaboration within NOAA (e.g., IOCM and 
OSC/CSDL). 

– Evaluated imagery from different satellites over (Barrow, AK 
and Buck Island, USVI). 

– Participated in an external evaluation study by NOAA over 
(Simeonof Island, AK; Saipan; St. Thomas, USVI). 

– Published the procedure and our results. 

SDB: Study activities 



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

4 



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

5 



6 

http://ibis.grdl.noaa.gov/SAT/GEBCO_Cookbook/index.php 



 Is the procedure limited spatially or can bathymetry be 
derived in other geographical locations, namely the Arctic? 

 The water clarity is the main error source. Is it possible to 
reduce this error or at least identify the locations most 
affected by water clarity? 

 Would this procedure work with imagery from other 
satellites? 
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Directions over the past year 



Available resources 
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Company: DigitalGlobe 
Swath: 18 km 
Ground resolution: 2m 

Organization: NASA/USGS program 
Swath: 185km 
Ground resolution: 28.5m 

Launch Date: 4/1999 Launch Date: 10/2009 Launch Date: 2/2011 

Landsat 7 Landsat 8 (LDCM) WorldView2 

(Images from landsat.gsfc.nasa.gov and www.digitalglobe.com) 
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Study sites Barrow, AK 

St. Croix, USVI 

St. Croix, USVI 
Site: Buck Island 
Water: very clear 
Bottom: Coral and sand 

Barrow, AK 
Site: Elson Lagoon 
Water: Turbid 
Bottom: mud, sand and 

gravel 
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Buck Island, USVI NOAA Chart 25641 (scale: 1:100,000) 

ALB reference dataset (LADS-MKII) 

St. Croix, USVI  



Landsat 7 results  

Satellite-derived bathymetry 

(Acquisition date: January 8, 2003) 

Ln(blue)/ln(green) 



Landsat 7 results  
(comparison to reference bathymetry) 
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WorldView2 results  
(Acquisition date: January 14, 2012) 

Extinction depth: 14.5 m  
(8 Fathoms) 

R² = 0.80 
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Satellite-derived bathymetry 



WorldView2 results  
(comparison to reference bathymetry) 

Absolute depth difference 

±6 m 

0 m 

1126 -  12/8/2009  
(15:11:26 GMT; off-nadir angle: 22.9°) 

1706 - 1/14/2012  
(15:17:06 GMT; off-nadir angle: 10.5°) 

1716 - 1/14/2012  
(15:17:16 GMT; off-nadir angle: 15.3°) 

1730 - 1/14/2012  
(15:17:30 GMT; off-nadir angle: 20.5°) 

Landsat 7 



Reference sources 
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Elevation difference over Buck Island study site between satellite-derived 
bathymetry (Landsat 7) and the lidar reference bathymetry (LADS MK-II) 

Referencing to chart datum using lidar Referencing to chart datum using chart soundings 
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Chart 16082 (Scale 1:47,943) 

 NOAA Chart 16081 (scale 1:48,149)  

Elson Lagoon, Ak 
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Reference depth measurements 

Digitized soundings 



Landsat 7 results  
(Acquisition date : July 18, 2002) 

Extinction depth: 4.5 m (15 ft) 

60 km 30 15 0 

4.5 m 

0 m 

 
 



WorldView2 results  
(Acquisition date: July 21, 2010 through August 10, 2010) 

Extinction depth: 3.9 m (13 ft) 

Extinction depth: 4.3 m (14 ft) 



Chart 16082 (Scale 1:47,943) 

 NOAA Chart 16081 (scale 1:48,149)  

Comparison to the chart soundings (WV2) 

Absolute depth difference 

±6 m 

0 m 



1706_1718 (Δt=12 min) 
 

Time series over Buck Island 
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1718_1730 (Δt=12 min) 1706_1730 (Δt=24 min) 
 

Absolute depth difference 

±6 m 

0 m 

1126_1730 1126_1718 (Δt=2y1m6d) 
 

1126_1706 

Up to 14 m misalignment 
 between the images 

(Δt = 2 years 1 month 6 days) 
 

NIR band 6 
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Time series over Elson Lagoon 

Absolute depth difference 

±6 m 

0 m 



Results (WorldView2) 
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Statistics ( ≤ 4.3 m ): 
    Mean = -0.95 m 
    Standard deviation = 0.81 m 

Statistics ( ≤ 4.3 m ): 
    Mean = -0.49 m 
    Standard deviation = 0.64 m 

Extinction Depth (4.3 m) 



SDB: Issues with product results 
Image quality 

WV2 (also with Landsat8) Landsat7 

Depth Site WV2_eff L7 _eff WV2 _rec L7_rec 

Barrow, AK 4.5 m 4.3 m 6 m 6 m 

Simeonof Island, AK 4.5 m 4.2 m 12.5 m 12.5 m 

Saipan 12 m 6 m 23 m 10 m 

St. Thomas, USVI 10 – 11 m 17 m 



SDB: Discussion 

(Right image) Algorithm result image. (Left image) Difference map in meters between the 
satellite-derived bathymetry and the ALB reference dataset in depths greater than the 
extinction depth (11.5 m). The difference map is overlaid on NOAA Chart 25641 
(soundings are in fathoms). 
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Discussion 
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(www.nauticalcharts.noaa.gov/mcd/docs/
Arctic_Nautical_Charting_Plan.pdf) 

Images from:  
Arctic Nautical Charting Plan – a plan to 
sustainable marine charting 
transportation in Alaska (Feb. 15, 2013) 



http://earthexplorer.usgs.gov/ 

Landsat 7 imagery (1999-2000) 

Canada U
.S

.A
 

http://earthexplorer.usgs.gov/


BA Charts over coverage 

Landsat 8 imagery (April-June, 2013) 

Current work 
GEBCO project (Eunice Tetteh, Marine Research Div., Fisheries Ministry, Ghana)  



 Landsat 7 and WorldView2 images were investigated over 
St. Croix, USVI and Barrow, AK. 

 WorldView2 imagery proved high resolution imagery (2 m) 
that can be used as a reconnaissance tool for large-scale 
charts (i.e. 1:4,000 to 1:50,000). 

 However, the WorldView2 swath is relatively small (18 km), 
which will require more images and may delay the 
production. 

 Landsat 7 is useful as a reconnaissance tool for charts of 
1:60,000 or smaller scales. 
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Summary 
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