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INTRODUCTION

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




GLACIER BASICS

Accumulation vs. Ablation Periods
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LITERATURE REVIEW

Quantifying Area: " Localization of mountain
jlacier termini in Landsat multi-spectralimages
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DATASETS

Landsat 8 Satellite Images

— : Bands Wavelength (um) Resolution (m)
Processed as aif file without Band 11 Blue 04517 052 30
geographical information Band 21 Green 0.527 0.60 30
Band 31 Red 0.6371 0.69 30
Band 417 Near 0777 0.90 30
Infrared
Band 51
Shortwave Infrared 1557 1.75 30
1
Band 6 1 Thermal 10.407 12.50 60
Band 71
Shortwave Infrared 2.0971 2.35 30
4 . : 2
AR W # A W Band 8 i
Panchromatic 0.5271 0.90 15

(entire visible)




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 dalily 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 CO?2
(climate factors).




SCHEMATICS

|. Data Collection through
Landsat Satellite Imagery

a) Locating b) Approximating
Terminal Point glacier area using

manually in image
Landsat images segmentation

1. Region growing
2. Edge Detection
3. Blob Detection

Graphical User
Interface (GUI)

ll. Modeling

a) Multiple Linear
Regressions

b) Generalized
Additive Models







DATA QUALITY

Gorner, corrupted by a Franz Josef, obscured Franz Josef, obscured
sensor malfunction by clouds by shadows

Franz Josefd 42 scenes, 37 usable for terminalpoint detection, 9
usable for area measurement
Gorner d 17 scenes, 15 usable for terminal pointdetection, 10
usable for area measurement






MATLAB 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

FJ's Euclidean Distance Between Terminal Points Gorner Euclidean Distance Between Terminal Points
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MEASURING AREA

Simple idea o
count pixels
that make up
the glacier
and multiply
by iImage
resolution to
get area




IMAGE SEGMENTATION

Pixel intensities in Franz Josef scene 1 band 1 (converted to greyscale)

1200

1000

80O

600 -

400

200

Images exist as matrices of pixel intensities



IMAGE SEGMENTATION

Pixel Count
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IMAGE SEGMENTATION

Below Threshold
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IMAGE SEGMENTATION

Segmented Image

Threshold index

Images are segmented into different regions based on a
threshold for the difference between pixel intensities In
those regions



IMAGE SEGMENTATION

10° Area vs Threshold Segmented Image

Images are segmented into different regions based on a
threshold for the difference between pixel intensities In
those regions



REGION GROWING

Too little glacier Good segmentation! Too many surroundings

Pick a pixel within the glacier and have It grow based
on differences In pixel intensity



EDGE DETECTION

Glacier not fully outlined Good outline! Glacier is broken up

Edges are defined by differences in the
Intensities of adjacent pixels



COMBINING METHODS

Superimposed scenes show area change Franz Josef glacier
1990 (green), 2009 (purple)




COMBINING METHODS

~—

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

Superimposed scenes show area changeé Gorner glacier
1984 (green), 2009 (purple)




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



BINARY SEGMENTATION

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




BLOB DETECTION

Gorner blue band Gorner blue band (cropped) Binarized

Crop the region of interest and then
segment it into two regions



BLOB DETECTION

3 -y

Binarized Largest blob

Find the largest blob in the binarized image
that represents the glacier area



SEGMENTED AREA

103 Gorner Area (Band 1) vs Time

35

Area {mz)
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Gorner Area vs Time from 1984 to 2009

Superimposed scenes show area changed Gorner glacier
1984 (green), 2009 (purple)



SEGMENTED AREA

Area {mzj

. 108 Franz Josef Area (Band 1) vs Time
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Gorner Area vs Time from 1990 to 2009

Superimposed scenes show area changed Franz Josef glacier
1990 (green), 2009 (purple)
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CLIMATE FACTORS

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

Temperature L
(Celsius) Precipitation (mm)

CO2 (ppm)

Minimum Maximum Average Global
Temperature Temperature Temperature Temperature
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Standardized residuals
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MULTIPLE REGRESSION

Plots for checking residual normality

Plots for checking Homoscedasticity

Normal Q-Q Residuals vs Fitted
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Theoretical Quantiles Fitted values
Im(Distance ~ monthly_average + Global_Mean + TMAX) Im(Distance ~ monthly_average + Global_Mean + TMAX)
Factors # of Factors | R”2 AIC SBIC
TMAX + PRCP + CO2 3 0.0864 180.1562 99.0866
TMAX + CO2 2 0.1278 217.1768 116.2774
TMAX + PRCP 2 -0.0513 183.3642 101.7315
Global temp + PRCP +CO2 3 0.055 187.367 103.4142
Global temp + CO2 2 0.086 224.7852 120.9909
Global temp + PRCP 2 -0.0737 190.3286 105.8343
TMAX + Global temp + PRCP + CO2 4 0.1147 180.0575 99.7556
TMAX + Global +PRCP 3 -0.0933 185.3631 104.2935
TMAX + Global + CO2 3 0.152 217.0579 116.8533
TMAX + Global 2 -0.0139 222.5972 121.8789




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.

9(B(Y)) = fo + fi(z1) + fal@2) + - + fn(2m)-

s,(x) 55(%5) Sp(xp)

g(E(Y)) = /\ + / + -+ /‘

~ "GAM: The Predictive Modeling Silver Bullet"MultiThreaded



GENERALIZED ADDITIVE MODEL

Plots of the Factors in the Multiple Additive Model
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Graph of Predicted Val

Changes to Franz Josef's Terminal Point Over Time

Distance

ues from the Model

!

Year

Factors # of Factors R”2 AIC
TMAX + PRCP + CO2 3 0.422 369.8605
TMAX + PRCP 2 0.216 376.764
TMAX + CO2 2 0.296 457.4287
Global_temp + PRCP +CO2 3 0.244 386.8718
Global_temp+ PRCP 2 -0.0737 394.4011
Global temp + CO2 2 0.268 471.386
TMAX + Global _temp + PRCP + CO2 4 0.201 375.3042
TMAX+Global_temp + PRCP 3 -0.0591 382.9207
TMAX+Global temp + CO2 c) 0.253 459.6973
TMAX+Global temp 2 -0.012 467.5875







Standardized residuals

-1.0 05 00 05 10 15 20

MULTIPLE REGRESSION

Plots for checking Homoscedasticity

Plots for checking residual normality

Normal Q-Q

50

-1.5 -1.0 -0.5 0.0 0.5 1.0

Theoretical Quantiles
Im(B2 ~ monthly_average + Global_Mean)

Residuals vs Fitted
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Fitted values

2300 2400

Im(B2 ~ monthly_average + Global_Mean)

Factors # of Factors R™2 AIC SBIC

TMAX + PRCP + CO2 3 -0.0342 115.0206 98.3176
TMAX + CO2 ;) 0.1218 131.6565 | 108.6156
TMAX + PRCP 2 0.1718 113.0285 94.3215
Global_temp + PRCP +CO2 3 -0.0897 115.4389 98.7359
Global temp + CO2 2 0.1271 131.602 108.5611

Global temp + PRCP /) 0.1074 113.628 93.805
TMAX + Global temp + PRCP + CO2 4 -0.3572 116.8935 | 105.3016
TMAX + Global +PRCP 3 -0.0222 114.9274 99.9869
TMAX + Global + CO2 3 -0.0381 133.5215 | 113.1006
TMAX + Global ) -0.0756 133.481 110.4401




GENERALIZED ADDITIVE MODEL

Plots of the Factors in the Multiple Additive Model Graph of Predicted Values from the Model

Changes to Franz Josef's Area Over Time

E E H | i | 2800
ﬁ‘jTlﬂ:i 70 72 74 I:::thly_::jlagu.lﬁﬁ 10 15 ::C:b 30 35 2C'IL12 20'34 Veur Z-CIC'G 2:__"05
Factors # of Factors | R”2 AIC
TMAX + PRCP + CO2 0.309 112.1162
TMAX + PRCP 0.172 113.0287
TMAX + CO2 0.193 131.5022

Global temp + PRCP +CO2
Global temp+ PRCP
Global temp + CO2
TMAX + Global temp + PRCP + CO2
TMAX+Global_temp + PRCP
TMAX+Global temp + CO2
TMAX+Global temp

-0.0897 115.4391
0.107 113.6282
0.167 131.6321
NA NA
-0.0222 114.9275
0.0867 132.9009
-0.0121 133.4584
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Standardized residuals

MULTIPLE REGRESSION

Plots for checking Homoscedasticity

Plots for checking residual normality

Normal Q-Q

1o
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Im(Distance ~ monthly_average + Average_PRCP + Average_TMIN + Global_Mean)

Theoretical Quantiles

Residuals vs Fitted
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Fitted values

I T
-100 0

Im(Distance ~ monthly_average + Average_PRCP + Average_TMIN + Global_Mean)

Factors # of Factors R™N2 AIC SBIC
TMIN + PRCP + CO2 3 0.9592 161.3541 | 121.4306
TMIN + CO2 2 0.9576 161.2273 | 119.7976
TMIN + PRCP 2 0.3306 202.6117 | 161.4185
Global_temp + PRCP +CO2 3 0.9532 163.3948 | 123.4713
Global temp + CO2 2 0.9526 162.9085 | 121.7153
Global temp + PRCP 2 0.6122 194.4261 153.233
TMIN + Global temp + PRCP + CO2 4 0.9604 161.4673 | 123.3991
TMIN + Global +PRCP 3 0.6285 194.4752 | 154.5516
TMIN + Global + CO2 3 0.9586 161.5526 | 121.6291
TMIN + Global 2 0.6591 192.4898 | 151.2966




GENERALIZED ADDITIVE MODEL

Plots of the Factors in the Multiple Additive Model Graph of Predicted Values from the Model

s | g | s | Changes to Gorner's Terminal Point Over Time
2 T T
Glabal_Mean Average_PRCP manthly_average 1985 1990 1995 Year 2000 2005
Factors # of Factors| R”2 AIC
TMIN + PRCP + CO2 3 0.982 151.2125
TMIN + CO2 2 0.974 154.8016
TMIN + PRCP 2 0.419 201.4022
Global_temp + PRCP +CO2 5 0.982 150.8067
Global temp+ CO2 2 0.974 154.4909
Global temp + PRCP 2 0.612 194.4265
TMIN + Global temp + PRCP + CO2 4 0.979 152.8832
TMIN+Global temp + CO2 3 0.972 156.5745
TMIN+Global temp + PRCP 3 0.644 194.4644
TMIN+Global temp 2 0.659 192.49
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MULTIPLE REGRESSION

Plots for checking residual normality

Plots for checking Homoscedasticity

Factors # of Factors R4 AIC SBIC
TMIN + PRCP + CO2 3 0.2727 170.5771 150.1562
TMIN + CO2 2 0.3597 169.0711 146.7626
TMIN + PRCP 2 0.1241 171.891 148.8501
Global_temp + PRCP +CO2 3 0.3655 169.349 148.9281
Global temp + CO2 2 0.0396 191.245 165.0703
Global temp + PRCP 2 0.2573 170.4059 | 146.3961
TMIN + Global_temp + PRCP + CO2 4 0.3618 169.3921 153.2262
TMIN + Global +PRCP 3 0.4579 167.9325 | 147.5116
TMIN + Global + CO2 3 0.4892 167.3962 | 148.7272
TMIN + Global 2 0.5338 166.2156 | 144.0324




