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Landsat 8





THE CRYOSPHERE IS...
...all of Earth’s frozen regions (either seasonally or annually).

From cryos/krios (cold) and sphaira (ball/globe).

IT INCLUDES...
Snowcover

Sea ice
Lake / river ice

Icebergs
Permafrost & seasonally frozen ground

Ground ice
Ice masses (glaciers, ice caps, ice fields, ice sheets, ice shelves)



WHAT DO WE KNOW ABOUT LANDSAT

?
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LANDSAT 8
• 12-bit radiometry means little/no saturation

• High geolocation accuracy (despite only L1GT some places)
• High image acquisition rates
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Pfeffer et al., 2014







Photo: Ian Willis

Allen Pope,
Ted Scambos, Mahsa Moussavi, 

Marco Tedesco, Mike Willis, Dave Shean, and Shane Grigsby

ESTIMATING SUPRAGLACIAL LAKE
DEPTH WITH LANDSAT 8







METHOD 1
Based on 1 band (usually green), physically based, widely used

z = -(ln(Ad - R∞) - ln(Rlake - R∞)) / g

Lake 
Depth

Bottom 
Albedo

Reflectance of 
Optically Deep Water

Reflectance of 
Lake Pixel

Water Absorption 
Coefficient

e.g. Sneed & Hamilton 2007



METHOD 2
Relatively new method for glaciology, uses 2 bands, empirical

z = a + bX + cX2

X = ln(R1 / R2)

Legleiter et al. 2013

Lake 
Depth

Band Reflectances

Empirical Coefficients from earlier regression



2x+

LAKE VOLUME



WORLDVIEW STEREO DEMS

• Spring and Fall 2013
• 6 days in NW Greenland
• 6 days in Jakobshavn area

• Total of 250,000+ comparison pixels

WorldView data via UMN PGC



SPECTRAL ! DEM COMPARED



SPECTRAL ! DEM COMPARED

Method 1 Method 2



METHOD 1  
WATER ABSORPTION COEFFICIENT

Theoretical g Regressed g % Difference
Band 3 / Green 0.17 0.1 70%
Band 4 / Red 0.75 0.8 -0.06%
Band 8 / Pan 0.38 0.36 0.06%



SPECTRAL ! DEM COMPARED

~0 ± 1.6 m

70%

-0.06% 0.06%

g discrepancy









WATER VOLUME BY PATH/ROW



WATER VOLUME BY PATH/ROW



LAKE DEPTHS & ELEVATIONS



Photo: Ian Willis

• Used in situ data to test idealized capability of Landsat 8 to 
estimate supraglacial lake depth

• Identified the best bands / band combinations for application
• Applied to two sets of Landsat observations and compared with 

WorldView DEM-derived lake depths
• Relative patterns of lake depth/volume are consistent, but 

magnitudes are inconsistent over a factor of 2
• Landsat 8 OLI Bands 4 (Red) and 8 (Pan) perform best when the 
results from single-band lake depth retrieval are averaged together

TAKE-AWAY POINTS





Ted Scambos

“THE COLDEST
PLACE ON
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EarthEngine



Open Data?
Open Code?
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USGS / NASA

$ Landsat 9 has been fast-tracked for a December 2020 launch.
$ Very similar to L8, but with a few tweaks
$ How is it funded? Demonstrating societal benefit!!





@PopePolar





PROGRESS ON A
  LANDSAT 8  
   IMAGE MOSAIC

OF ANTARCTICA

Allen Pope & Ted Scambos
e: allen.pope@nsidc.org

t: @PopePolar

mailto:allen.pope@nsidc.org


PROGRESS ON A
LANDSAT 8  
IMAGE MOSAIC

OF ANTARCTICA

WHY MOSAICS?
• Reference visualization / basemap

• Selecting the “best” imagery
• Synoptic view & analysis

For example: 
LIMA(+)

MOA (x3) 
RAMP

PGC Viewer



WHY LANDSAT 8?
• 12-bit radiometry means no saturation

• High geolocation accuracy (despite only L1GT)
• High image acquisition rates



THE 1ST LIMA
• 1100 individually selected ETM+ scenes

                                      • Primarily 1999-2003
                         • Pan-sharpened (15 m resolution)

           • Manually stitched and combined
       • Can view online or download tiles
              • Used for field planning, 
                                visualization, and 
                                   education.





BUILDING ON
THE 1ST LIMA

• Calculate top-of-atmosphere reflectance
• No atmospheric correction

• Cosine correction for sun angle 
                   (center, not corners or per-pixel)

• Not yet: empirical snow correction       .
 & “normalization”



Bindschadler et al. 2008



COSINE CORRECTION

Corrected
reflectance

Raw reflectance=
cos(solar zenith angle)



SURFACE REFLECTANCE



SURFACE REFLECTANCE

Lambertian (diffuse) ------- glossy -------- Specular (mirror)

Image: Wikipedia
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THE 1ST LIMA
• 1100 individually selected ETM+ scenes

                                      • Primarily 1999-2003
                         • Pan-sharpened (15 m resolution)

           • Manually stitched and combined
       • Can view online or download tiles
              • Used for field planning, 
                                visualization, and 
                                   education.



THE PLATFORM: EARTHENGINE
https://earthengine.google.com/

• (Web) platform for 
cloud-based remote 

sensing & GIS 
processing

• Java & Python APIs

• Petabytes of data 
(can upload own, too)

• High parallelized tools

https://earthengine.google.com/


THE PROBLEM:
CLOUDSCLOUDS



TRADITIONAL SOLUTIONS
NDSI

Threshold
Rocks get excluded.

Doesn’t get cirrus clouds.

Band ratios
(Coastal, Red, SWIR, etc.)

Reintroduces other errors.
Variable lithology problematic.

Cirrus Band
Threshold

Sun-facing slopes
are too bright.

BUT

BUT

BUT



COMPARING WITH A MOSAIC?

High quality mosaic, 
but sun angle is wrong.

• Both reflectance & high-pass filter
• Sum of error and correlation coefficient

MOA LIMA
Too prescriptive.
Saturation issues?



HIGH IMAGE DENSITY

• 10/2014 through 03/2015
• >60°S; 120° to 180°E.

• Sun elevation >8°
• Nadir only

4809 scenes in <1 min

0        100       200





HISTOGRAMS OF REFLECTANCE



HISTOGRAMS OF REFLECTANCE



EMPIRICAL NON-LAMBERTIAN
ADJUSTMENT

Bindschadler et al. 2008
Rem. Sens. Envi.



Median 
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Median 
Pixel

















Cross-Correlation as Cloud Mask



Courtesy: Ben Smith

Spectral Roughness as Cloud Mask





TAKEAWAYS:

• Up Next: Implementing empirical BRDF 
            correction, improved sun angle 
                              cosine correction,
                                cloud masks, 
                             and inspection. 

• Good progress on L8MA by choosing 
pixels, rather than scenes, using statistics.

• Google EarthEngine allows for fast processing 
& customization, but limits certain functions.



QUESTIONS?

e: allen.pope@nsidc.org
t: @PopePolar

mailto:allen.pope@nsidc.org

