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INTRODUCTION

Using satellite images to analyze the 
mountain glaciers' variation over time 
and investigate the potential relation 
to climate factors, including 
temperature, CO2, and precipitation. 



GL ACIER BASICS

Glacier Terminal PointAccumulation vs. Ablation Periods



LITERATURE REVIE W

Quantifying Area:" Localization of mountain 
glacier termini in Landsat multi-spectral images "

Modeling :“Multivariate models for 

predicting glacier termini”



DATASETS

Landsat 8 Satellite Images

Processed as a tif file without 

geographical information

Bands Wavelength (µm) Resolution (m)

Band 1 – Blue 0.45 – 0.52 30

Band 2 – Green 0.52 – 0.60 30

Band 3 – Red 0.63 – 0.69 30

Band 4 – Near 

Infrared
0.77 – 0.90 30

Band 5 –

Shortwave Infrared 

1

1.55 – 1.75 30

Band 6 – Thermal 10.40 – 12.50 60

Band 7 –

Shortwave Infrared 

2

2.09 – 2.35 30

Band 8 –

Panchromatic 

(entire visible)

0.52 – 0.90 15



L to R: Google Earth

image of Franz Josef, 

blue band, green band

L to R: red band, near 

infrared (IR) band

L to R: shortwave 

(SWIR) band 1, thermal 

band, SWIR band 2, 

panchromatic band 

(entire visible spectrum)



CLIMATE DATA

We gathered daily climate data from a weather station closest 

to each glacier from NOAA. 

Daily Temperature Data Daily Precipitation Data 



HYPOTHESIS

Whether mountain 

glacier variation is 

correlated with global 

temperature, local 

temperature, 

precipitation, and CO2 

(climate factors).



SCHEMATICS

I. Data Collection through 
Landsat Satellite Imagery

a) Locating 
Terminal Point 

manually in 
Landsat images 

b) Approximating 
glacier area using 

image 
segmentation 

II. Modeling

a) Multiple Linear 
Regressions

b) Generalized 
Additive Models

1. Region growing

2. Edge Detection

3. Blob Detection

Graphical User 
Interface (GUI)



PART I.  DATA COLLECTION



DATA QUALITY

Franz Josef – 42 scenes, 37 usable for terminal point detection, 9 

usable for area measurement

Gorner – 17 scenes, 15 usable for terminal point detection, 10 

usable for area measurement

Gorner, corrupted by a 

sensor malfunction
Franz Josef, obscured

by clouds

Franz Josef, obscured

by shadows



TERMINAL 

POINT



MATL AB GUI

A graphical user interface (GUI) allows us to plot the satellite images against 

an arbitrary graph and manually estimate the location



TERMINAL POINT VARIATIONS

We plotted a time series of the distances between consecutive terminal 

points for both glaciers
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AREA



Simple idea –

count pixels 

that make up 

the glacier 

and multiply 

by image 

resolution to 

get area

MEASURING AREA



IMAGE SEGMENTATION

Images exist as matrices of pixel intensities



IMAGE SEGMENTATION

Otsu's method



IMAGE SEGMENTATION

Otsu's method



IMAGE SEGMENTATION

Images are segmented into different regions based on a 

threshold for the difference between pixel intensities in 

those regions



IMAGE SEGMENTATION

Images are segmented into different regions based on a 

threshold for the difference between pixel intensities in 

those regions



REGION GROWING

Pick a pixel within the glacier and have it grow based 

on differences in pixel intensity

Good segmentation! Too many surroundingsToo little glacier



EDGE DETECTION

Edges are defined by differences in the

intensities of adjacent pixels

Good outline! Glacier is broken upGlacier not fully outlined



COMBINING METHODS

Superimposed scenes show area change – Franz Josef glacier

1990 (green), 2009 (purple)



COMBINING METHODS

Superimposed scenes show area change – Gorner glacier

1984 (green), 2009 (purple)

Gorner blue band, 1985 (top), 2009 (bottom)



PROBLEMS
This method 

allows us to 

visualize 

change over 

time, but 

leaves holes 

in glaciers 

and includes 

snow or ice 

outside the 

glacier



MULTI-THRESHOLDING

Franz Josef blue band Two segments Five segments

Segmentation is good but having the glacier broken into 

multiple segments actually makes the problem harder



We need a method 

that segments images into only 

two regions (glacier and 

background) and does not leave 

holes inside the segmented 

glacier area or include pixels 

from the background

BINARY SEGMENTATION



BLOB DETECTION

Gorner blue band Gorner blue band (cropped) Binarized

Crop the region of interest and then

segment it into two regions



BLOB DETECTION

Binarized

Find the largest blob in the binarized image

that represents the glacier area

Largest blob



SEGMENTED ARE A

Superimposed scenes show area change – Gorner glacier

1984 (green), 2009 (purple)

Gorner Area vs Time from 1984 to 2009



SEGMENTED ARE A

Superimposed scenes show area change – Franz Josef glacier

1990 (green), 2009 (purple)

Gorner Area vs Time from 1990 to 2009



PART II .  MODELING



CLIMATE FACTORS

TP Distance (meters) , Change in Area (meters ^2)

Temperature 

(Celsius)

CO2 (ppm)

Precipitation (mm)

Minimum 

Temperature

Maximum 

Temperature

Average

Temperature

Global

Temperature



FRANZ 

JOSEF ’S  

TERMINUS



MULTIPLE REGRESSION
Plots for checking residual normality Plots for checking Homoscedasticity



GENERALIZED ADDITIVE  MODEL 

SUMMARY
Response variable is modeled based on smoothed functions of predictor variables where

smoothed functions are obtained using a non-parametric method.

~ "GAM: The Predictive Modeling Silver Bullet",MultiThreaded



GENERAL IZED  ADDIT IVE  MODEL
Plots of the Factors in the Multiple Additive Model Graph of Predicted Values from the Model



FRANZ 

JOSEF ’S  

ARE A



MULTIPLE  REGRESSION
Plots for checking residual normality Plots for checking Homoscedasticity



G E N E R A L IZE D  A D D IT IV E  M OD E L
Plots of the Factors in the Multiple Additive Model Graph of Predicted Values from the Model



G O R N E R

G L AC I E R ’ S  

T E R M I N U S



MULTIPLE  REGRESSION
Plots for checking residual normality Plots for checking Homoscedasticity



G E N E R A L IZE D  A D D IT IV E  M OD E L
Plots of the Factors in the Multiple Additive Model Graph of Predicted Values from the Model



G O R N E R

G L AC I E R ’ S  

A R E A



MULTIPLE  REGRESSION
Plots for checking residual normality Plots for checking Homoscedasticity



G E N E R A L IZE D  A D D IT IV E  M OD E L
Plots of the Factors in the Multiple Additive Model Graph of Predicted Values from the Model



S U M M A R Y  

A N D  

C O N C L U S I O N



S U M M A RY OF  

W HAT  W E  

D IS COV E R E D

• Multi-spectral Landsat images and climate 

factors were used to study glacier 

variations over time.

• Image processing methods were 

developed to detect and segment 

glacier area.

• Our models identified the relationship 

between glacier changes and some 

climate factors including global 

temperature, local temperature, 

precipitation, and CO2.

• Investigate and model the relationship 

between CO2 and other climate factors to 

better understand the impact of CO2 on 

glacier changes.



FUTURE PL ANS FOR ARE A 

ME ASUREMENT

• Our work has brought us to a good basic method, 

blob detection

• Segmentation can always improve

• Problems:

- Thresholding

- Gap filling

- Preprocessing



PROCESSED BANDS

Higher contrast allows for better segmentation

and better area measurements



THRESHOLDING

Each image needs its own threshold



GAP F ILL ING

We need a method to fill holes in glaciers

while minimizing non-glacier pixels added

Viedma glacier blue band Binarized Example of gap filling



PREPROCESSING

We can train a neural 

network to classify 

images by plotting 

different bands' pixel 

intensities against 

each other

Clockwise from top left: FJ green band 

(good image), NDSI plotted against green 

for good image, NDSI plotted against 

green for cloudy image, FJ green band 

(cloudy image)
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QUESTIONS?



A P P E N D I X

Add any extra stuff that you might need to 

reference but it isn't essential to 

presentation



W H AT  A R E  T H E Y ?  

• The set of intensity values from regularly spaced points along a line segment (in our example, that 
is the glacier path)

• From the Landsat Data, we graphed each separate column and got the intensity profiles for glacier 
path on each image 



I N F L E C T I O N  P O I N T S

• We found the candidate points from the raw data for the first four paths.



P O L Y N O M I A L  R E G R E S S I O N  

• On the first four paths, we ran polynomial regressions of degree 1 to 10.



C U B I C  S P L I N E S  

• On the first four paths, we fit cubic splines.



C O M PA R I S O N  O F  T H E  PA R A M E T R I C  

R E G R E S S I O N S

• We wanted to compare each regression's performance of estimating the intensity profile using R^2.



N O N - PA R A M E T R I C  R E G R E S S I O N S  

• We specifically chose the LOESS method in R when creating our non-

parametric regression.



R E G R E S S I O N ' S  I N F L E C T I O N  P O I N T S

• We see that the non-parametric regression finds a more closer approximation for 

the terminal point than other regressions.



S U M M A R Y  O F  I N T E N S I T Y  P R O F I L E S

I. We can find the 
terminal point in 
intensity profile by 
using inflection 
points.

01
II. It is better to find 
terminal points from 
regressions than 
from the raw data for 
future predicting 
purposes.

02
III. A non-parametric 
regression is the best 
method of estimating 
and prediciting future 
terminal point 
locations.

03



L I N E A R  M O D E L S  F O R  F R A N Z  

J O S E F

Terminal Point Area



LINEAR MODELS FOR 

GORNER

Terminal Point Area



A D D I T I V E  M O D E L S  F O R  F R A N Z  J O S E F

Terminal Point

Area



A D D I T I V E  M O D E L S  F O R  G O R N E R

Terminal Point

Area


