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Introduction

➢ Indicators of climate change
➢ Adverse effects of melting

○ Water security
○ Sea level rise

➢ Difficult to quantify variation
○ Physical impracticality
○ Debris/shadows
○ Up to 30% error [2]Franz Josef Glacier

https://www.flickr.com/photos/vjosullivan/33299673685
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➢ Develop a glacier area 
image segmentation 
method.

➢ Quantify error with 
respect to a ground 
truth.

Main 
Objectives
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Introduction

➢ For both glaciers, we 
used

○ an Official GLIMS 
outline [4]

○ a Landsat 
satellite image 
[5,6]
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Original GLIMS Outline  of 
New Zealand (Franz Josef)
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Introduction

➢ For both glaciers, we 
used

○ an Official GLIMS 
outline [4]

○ a Landsat 
satellite image 
[5,6]

Original Landsat Image of 
New Zealand (Franz Josef)

Cropped Landsat Image of 
Franz Josef
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Pre-Processing GLIMS

3. Mask2. Crop and Align1. Georeference

Stroh | 
NCUWM 

2023



Landsat Bands

Landsat 4-5 and 7 Bands
https://www.usgs.gov/media/images/landsat-4-5-tm-and-la
ndsat-7-etm-bands-and-their-uses

Electromagnetic Spectrum
https://commons.wikimedia.org/wiki/File:EM_spectrum.svg
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Pre-Processing Landsat

3. Mask2. Crop and Align1. Convert to False Color
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GLIMS Outline On Image

Franz Josef (Shadows within 
GLIMS)

Gorner (Debris within GLIMS)
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Image 
Processing

Gorner Glacier
https://cdn.pixabay.com/photo/2020/05/05/13/36/gorner-glacier-5133145__480.jpg
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Image processing

➢ Pixel Values

➢ Equations/Functions

➢ MATLAB

➢ Color Spaces

➢ Binary Images

RGB Colorspace
https://engineering.purdue.edu/~abe305/HTMLS/rgbspace.htm
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Image Processing

➢ Attempts

○ Edge Detection

○ Region Growing

○ Freehand Outline

➢ Drawbacks:

○ Manual

○ Inconsistent

Lowest Threshold Highest Threshold

20 Iterations 40 Iterations 60 Iterations
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Image Processing
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Final Method
L*a*b* Color Space

Franz Josef Glacier 
https://www.getyourguide.com/franz-josef-glacier-ka-roimata-o-hine-hukatere-l93428/extreme-sports-adrenaline-tc85/
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L*a*b* Color 
Space

L*a*b* Color Space Diagram [8]
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Methods 
(L*a*b* Color 
Space)

Step 1: 
Manual 
Threshold 
Adjustment
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Same Threshold Over Time

Franz Josef
a* value = -7.501

Gorner
a* value = 8.5150

Jan 1990 Dec 2003 Jan 2010Feb 2007 Jan 2008

July 1990 June 2008 July 2010July 2003 Aug 2006
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Methods 
(L*a*b* Color 
Space)

Step 2: 
Automatic 
a* Channel 
Threshold 
Iteration

Original 
Threshold Results

Segmentation 
Closest to GLIMS 

Segmentation 
After Too Many 

Iterations
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Methods 
(L*a*b* Color 
Space)

Step 2b: 
Selecting 
Minimum 
Error

Segmentation - GLIMS GLIMS - Segmentation Total Error

Total Error vs Threshold Value Stroh | NCUWM 2023



Results
Franz Josef GLIMS Outline Over Error 

(21.71% error)
Gorner GLIMS Outline Over Error

 (19.87% error)
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Conclusions

1. It is difficult to differentiate 
mountain and 
debris-covered ice.

2. Debris-covered glaciers 
require “more complex 
processing” [2].

3. L*a*b* segments visible ice 
well.

3D merge of Sentinel 2 images with DTED and GLIMS
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Future Goals

➢ Merge with DEMs 

➢ Quantify error with respect 
to visible ice

➢ Apply best L*a*b* threshold 
to a collection of images

3D merge of Sentinel 2 images with DTED and GLIMS
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