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1. │∂╘⌐ 

 

 כ♄כ꜠  1.1

 

כ♄כ꜠ Synthetic Aperture Radar: SAR│ ⱴ▬◒꜡ ╩ ┼ ↑≡ ⇔

⅛╠─ ╩ ∆╢↓≤⌐╟╡ ─ ─ ≤ ╩ ∆╢ ≢

№╢ ─כ♄כ꜠ │▪fi♥♫─ ⅝↕⌐ ∆╢ ⇔⅛⇔ ⌐

≢⅝╢▪fi♥♫─◘▬☼⌐│ ⅜№╢ ∕↓≢ SAR≢│ ╩ ⇔⌂⅜╠ ╙

╩ ™ ▪fi♥♫─◘▬☼╩ ∆╢↓≤⌐╟╡ Azimuth ─

╩ ↕∑≡™╢ ╕√ Range ─ ⌐│ Ɽꜟ☻

⅜ ↕╣≡™╢ ↓╣╠─ ⌐╟╡ ☿fi◘כ⌐ ╠⌂™ ⅜

↕╣≡™╢  

⌂╢ 2 ─ SAR♦כ♃╩ ™≡ ╩ ℮↓≤⌐╟╡ ─ ╩ ∆╢↓≤

⅜≢⅝╢ ⌂ ≤⇔≡ ╩ ∆╢ SAR Interferometric SAR: InSAR

╛ ⱴ♇♅fi◓╩ ⇔√ Pixel offset ⌂≥⅜№╢ ─ ⌐ SAR╩ ™╢

≤⇔≡ GPS─╟℮⌂ ⅜ ≢№╢↓≤⅜ →╠╣╢ ╕√ ☿fi◘

│≥כ ⌂╡ ╛ ─ ╩ ↑∏⌐ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ↓╣╠─

⅛╠ ⌂≥⌐ ℮ ∞↑≢⌂ↄ ╢↑⅔⌐♪fiꜝfiכꜞ◓╛

⌐⅔™≡╙ SAR╩ ™√ ⅜↓╣╕≢⌐ ↄ ↕╣≡™╢ ⇔™ ─Ɽ♃◗

♬▪ ⌐⅔™≡ ↓─ │ ⌐ ≢№╢  

 

 

  

1  SAR─☺○ⱷ♩ꜞ  



- 2 - 

 

1.2  Pixel offset  

 

 Pixel offset Offset tracking, Feature tracking, Speckle tracking│  SAR♦כ♃╩

™√ ─ ≈≢№╢ Tobita et al., 2001 №╢ ⌐ ↕╣√ SAR

Master ≤ ∕─ ⌐ ↕╣√ SAR Slave ─ 2 ⌐≈™≡

ⱴ♇♅fi◓╩ ℮↓≤⌐╟╡ Ⱨ◒☿ꜟ─∏╣╩◘ⱩⱧ◒☿ꜟ─ ≢ ∆╢↓≤

⅜≢⅝╢ 2 Pixel offset │ SAR≢│≤╠ⅎ╠╣⌂™ 1 m╩ ⅎ╢╟℮⌂ ⅝

⌂ ╩≤╠ⅎ╢─⌐ ⇔≡™╢ ╕√ SAR≢│ ─ ⇔⅛ ╠╣⌂

™─⌐ ⇔ Pixel offset ≢│ Range offset ≤ Azimuth offset ─

2 ─ ⅜ ╠╣╢─╙ ⅝⌂ ≢№╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3  Ɽ♃◗♬▪  

 

≢ ≤⇔≡™╢ Ɽ♃◗♬▪ Southern Patagonia Icefield: SPI, 3 │

≢ ─ ≢№╢ ∕─ │ 48.5°⅛╠ 51.5°⌐╦√╡ │⅔

╟∕ 13000 km
2≢№╢ Aniya et al., 1996 Ɽ♃◗♬▪ ⌐│ 48 ─ ⅜ ╕╣≡⅔

╡ ─ │ 1355 m≢№╢ ↓╣╠─ ─℮∟ 2≈╩ ↄ∆═≡─ │

⅜ ╛ ⌐ ╣ ◓ⱦfiכ◌╗ ≢№╢ ♅ꜞ ─ ─ ↄ⅜ⱨ▫ꜜꜟ♪┼ ▪ꜟ♀

fi♅fi ─ ↄ─ ⅜ ┼≤ ╣ ╪≢™╢ Aniya et al., 1996; Warren and Aniya, 1999

↓╣╠─ ─ ↄ│ 20 ⌐ ⌂ ⅜ ↕╣≡⅔╡ ─ ⌐╙ ⌂

╩ ⅎ≡™╢ Rignot et al., 2003  

2  Pixel offset  
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Ɽ♃◗♬▪ ─ ⌐≈™≡│ ™ↄ≈⅛ ⅜№╢  2002 ─

GRACE Gravity Recovery And Climate Experiment ─ ╩♃כ♦ ™√ ≢│

Ɽ♃◗♬▪ ≤ Ɽ♃◗♬▪ ⅛╠ ╙╠╣√ │ -23.0±9.0 

Gt/yr⅛╠-26.6±6.0 Gt/yr╒≥≢№╢≤ ↕╣≡™╢ Chen et al., 2007; Ivins et al., 2011; 

Jakob et al., 2012 GRACE⌐╟∫≡ ╘╠╣√ 21 ─ │ 20 ─

╟╡╙ ⅝™ ≢№∫√ ╕√ ⸗♦ꜟ DEM: Digital Elevation Model ─

⌐╟╡ ╩ ⇔√ ╙№╢ Willis et al., 2012 ↓∟╠─ ╙

GRACE─ ≤ 20 ╟╡╙ ⅝⌂ ╩ ⇔≡™√  

─ ≢│ ╛♪fiꜝfiכꜞ◓ ◓ⱦfiכ◌─ ⅜ ⅝⌂ ≤ ╩

⇔ ─ ⅜ ⌐ ⅝⌂ ╩ ⅎ╢↓≤⅜ ╠⅛⌐⌂∫≡⅝≡™╢ Joughin et 

al., 2004 ⇔⅛⇔ ∕─ ≢Ɽ♃◗♬▪ ─ ⌐≈™≡│

Perito Moreno Upsala

 

  

3  Ɽ♃◗♬▪  
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1.4  ─  

 

2 ALOS/PALSAR Envisat/ASAR 2002

2011 8
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≥♃כ♦ .2  

 

 ♃כ♦√⇔  2.1

2.1.1  SAR♦כ♃ 

 

≢│ 2006 ⌐ Japan Aerospace Exploration Agency: JAXA ⅜

∟ →√ ALOS 4 ⌐ ↕╣√ PALSAR─ 2007 6 ⅛╠ 2011 2 ─

╩♃כ♦ ™√ ↕╠⌐ 2007 ─ ⌐≈™≡╙ ═╢√╘⌐ 2002 ⌐

European Space Agency: ESA ⅜ ∟ →√ Envisat 4 ⌐ ↕╣√

ASAR─♦כ♃⌐≈™≡╙ ╩ ∫√ 2≈─ SAR─ ⌐≈™≡│ 1⌐ ⇔≡№╢

╡≢№╢ ─♃כ♦√⇔ │ 2⌐ ⇔≡™╢  

PALSAR─♦כ♃⌐│ Fine Beam Single polarizationFBS, HH ≤ Fine Beam Dual 

polarization FBD, HH╕√│ HV, ≢│ HH─╖ ≤™℮ ⅜♪כ⸗─≈2

∆╢ ↓╣╠ ─♪כ⸗─≈2 ™│ Range ─ ⌐№╢ FBS⸗כ♪≢│ 4.7 m

FBD⸗כ♪≢│∕─ ─ 9.4 m≤⌂∫≡™╢  

ASAR─♦כ♃⌐│ I1 I7 ─ ╡№⅜♪כ⸗─≈7 ≡∫╟⌐♪כ⸗ ⅜ ⌂╢

≢ ™√ Ascending │♃כ♦─ I6⸗כ♪≢ │ 41°≢№╢

≢ ™√ Descending │♃כ♦─ I2⸗כ♪≢ │ 23°

≢№╢ ⅜ ↕™≤ ─ ⌐ ∆╢ │ ⅜╢⅜ ─ ⌐

∆╢ │ ∆╢ ASAR─ Range ─ │ PALSAR─ FBD⸗כ♪≤╒

╓ ≢№╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4  ⇔√ 2≈─ SAR ALOS ≤ Envisat  

│∕╣∙╣ JAXA ≤ ESA─ⱱכⱶⱭכ☺╟╡  
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 ALOS/PALSAR Envista/ASAR 

 2006//01/24 2011/05/12 2002/03/01 2012/04/08 

 46  35  

 690 km 800 km 

 98° 98.6° 

 23.6 cm LⱣfi♪  5.6 cm CⱣfi♪  

 39° 15° 45°β1
 

 7 44 m FBSβ
2

 30 m 

 

 

 

 

 

 

Sensor Path Track  Frame Date Mode A/D 

PALSAR 129 6150 20100216 FBS A 

 129 6150, 6160 ,6170 ,6180 20100519 FBD A 

 129 6150, 6160 ,6170 ,6180 20100704 FBD A 

 129 6150, 6160 ,6170 ,6180 20110104 FBS A 

 129 6150, 6160 ,6170 ,6180 20110219 FBS A 

 130 6150, 6160 ,6170 ,6180 20100605 FBD A 

 130 6150, 6160 ,6170 ,6180 20100721 FBD A 

 130 6150 20101021 FBD A 

 130 6150 20110121 FBS A 

 410 4650 20070619 FBD D 

 410 4650 20070919 FBD D 

 410 4650 20071104 FBD D 

 410 4650 20071220 FBS D 

 411 4650 20070706 FBD D 

 411 4650 20071121 FBD D 

 411 4650 20080106 FBS D 

 414 4600, 4620 20070826 FBD D 

 414 4600, 4620 20071011 FBD D 

 414 4600, 4620 20080111 FBS D 

 414 4600, 4620 20080226 FBS D 

β1 I1 I7─ ╣∙╣⧵≡∫╟⌐♪כ⸗─≈7 ⅜ ⌂╢  

β2 FBD≢│ Range ─ ⅜ FBS─ ⌐⌂╢  

2  ⌐ ♃כ♦√™          βA Ascending D Descending  

1  ALOS/PALSAR Envisat/ASAR─  
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ASAR 153 4599, 4617, 4635 20021220 I2 D 

 153 4599, 4617, 4635 20030228 I2 D 

 153 4599, 4617, 4635 20030613 I2 D 

 153 4599, 4617, 4635 20030718 I2 D 

 153 4599, 4617, 4635 20030926 I2 D 

 153 4599, 4617, 4635 20031205 I2 D 

 153 4599, 4617, 4635 20040109 I2 D 

 153 4599, 4617, 4635 20040910 I2 D 

 153 4599, 4617, 4635 20050722 I2 D 

 153 4599, 4617, 4635 20050826 I2 D 

 153 4599, 4617, 4635 20080815 I2 D 

 196 4599 20021223 I2 D 

 196 4599 20030616 I2 D 

 196 4599 20031208 I2 D 

 196 4599 20040122 I2 D 

 196 4599 20040322 I2 D 

 196 4599 20040426 I2 D 

 196 4599 20040531 I2 D 

 196 4599 20040913 I2 D 

 196 4599 20050620 I2 D 

 196 4599 20050829 I2 D 

 196 4599 20051003 I2 D 

 196 4599 20070730 I2 D 

 376 6147 20050703 I6 A 

 376 6147 20050807 I6 A 

 376 6147 20050911 I6 A 

 382 4635 20030629 I2 D 

 382 4635 20030803 I2 D 

 382 4635 20040125 I2 D 

 382 4635 20040229 I2 D 

 382 4635 20040404 I2 D 

 

 

  

2─ ⅝  
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2⌐ ≡™≈⌐♃כ♦√⇔ Pixel offset ╩ ™ ─ ╩ ⇔√ Mchel et al., 

1999; Strozzi et al., 2002; Yasuda and Furuya, 2013 ─Ⱨ◒☿ꜟ │ 500 m Range

×600 m Azimuth ◘fiⱪꜞfi◓ │ 90 m Range ×120 m Azimuth ⌐ ⇔√

SAR♦כ♃─ ╖ ╦∑⌐≈™≡│ ™∏╣╙ ALOS│ 46 Envisat│ 35 ─

╖ ╦∑─╖╩ ⇔≡™╢ ↓╣│ ⅜ ™≤ 2 ─ ─ ⅜ ↄ⌂╡

╩ ∆╢↓≤⅜ ⌐⌂╢√╘≢№╢ ⇔⅛⇔ ─ ≢ ╩ ∫√ ⌐╙

╛ ⌂≥─ ⅛╠ ⅜ ™ │ ∆╢ ↓─╟℮⌂ │ ╠⅛⌐ ⌂

⅝∆⅞╢ ⌐ ⌐⌂∫≡™╢ ╩ ∆─≢ ≢│∕╣╠╩

╡≢№╢≤╖⌂⇔ ╠⅛♃כ♦≢ ╡ ™√  

8 Perito Moreno Grey OôHiggins Viedma Upsala

JorgeMontt Occidental PioXI 5 SAR

 

 

  

5  ⇔√ 8≈─  

─ ─ ─ │ PALSAR─ ╩ ─ │ ASAR─ ╩ ∆  
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2.1.3  ⸗♦ꜟ 

 

SAR♦כ♃╩ ∆╢ ⌐ ─ ─ ⌐ ╦╣╢─⅜ ⸗♦ꜟ(Digital 

Elevation Model: DEM)≢№╢ ≢│ SRTM4─ DEM╩ ⇔√ SRTM Shuttle Radar 

Topography Mission ≤│ NASA─☻Ɑכ☻◦ꜗ♩ꜟ⌐ ≢כ♄כ꜠√⇔ ─

⸗♦ꜟ╩ ∆╢↓≤╩ ≤⇔√Ⱶ♇◦ꜛfi─↓≤≢№╢ ↓─Ⱶ♇◦ꜛfi⌐╟╡

╠╣√⸗♦ꜟ─ ╩ ⇔√╙─⅜SRTM4 DEM≢ Jarvis et al., 2008 │ 90m

ⱷ♇◦ꜙ≢№╢  

 

 

2.2  ┼─  

 

Pixel offset ⌐╟╡ ╠╣╢ 2 ─ Range offset 5 , Azimuth offset 5

│ ≢─ 3 ─ ⱬ◒♩ꜟ Ue, Un, Uz ≤ ─

╩ ∆ H ⅛╠ ╡⌐  , ⱴ▬◒꜡ ─ I ╩ ™≡ ─╟℮

⌐ ∑╢  

 
5

5
ÃÏÓὌÓÉÎὍ ÓÉÎὌÓÉÎὍ ÃÏÓὍ
ÓÉÎὌ ÃÏÓὌ π

5
5
5

 (1)  

⅛╠ ╠⅛⌂╟℮⌐ 1 ─ Pixel offset♦כ♃ 2 ⅛╠ ≢─ 3 ╩

╘╢↓≤│≢⅝⌂™ ╟∫≡ U╩ ╘╢√╘⌐│ Pixel offset♦כ♃ ⌐

╩ ∆╢ ⅜№╢ ∕↓≢ ≢│ ⅜ ─ ─ ⅝⌐ ∆╢≤

⇔ Joughin et al., 1996 ╩♃כ♦ ┼ ⇔√ ─ ─ ⌐│

⌐ ™√─≤ ∂ SRTM4─ DEM╩ ™√ ↓─ ≢│ ⅜ ⌐╟∫≡

╕╢─≢ 1 ─ Pixel offset♦כ♃⅜№╣┌ ╩ ∆╢↓≤│ ∞⅜

≢│ Range≤ Azimuth ─ Pixel offset♦כ♃╩ ™ ⌐ ╩ ⇔

√ 6 ↓─╟℮⌐⇔≡ ╠╣√ ⌐≈™≡ ⅜ ™≤ ⅎ╠╣╢

─ ─ ─ ⌂≥ ─ ╩ ═√≤↓╤ 1 cm/day ≢№∫√ ╟∫≡

─ ╙↓─ ⌐ ╕╣╢ ─ ≢№╢≤ ↕╣╢  
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6  Pixel offset♦כ♃⅛╠ ┼─ Perito Moreno ─  

ⱬ◒♩ꜟ⌐│☻ⱶכ☺fi◓ ╩ ⇔≡™╢  
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2.3  ─  

 

─ ⌐│  ⱴ▬◒꜡ ─ ⅛╠ ╠╣╢ SAR ╩ ™√

כ♄כ꜠│ ⅛╠ UTM ⌐ ↕╣≡⅔╡ │ 40 m×40 m≢№╢ ∕╣

∙╣─ ⌐⅔↑╢ ─ │ ⌐╟╡ ⇔√ ∕⇔≡ ╩ ╗ ╩ ╡

─ ╩∕─ ≢ ╢↓≤⌐╟╡ ⌂ ╩ ╘√ Moon and Joughin, 2008, 

7 √∞⇔ ≤ ─ ─ ⅜ ⇔™ ⌐≈™≡│ ≢│ ⌐

™≡™⌂™ ─ │ ─ ≤ ≢№╢  

 

  

7  ─ │ 2010 2 19 ─ Pio XI  

≢ ╕╣√ ─ ╩ ≢ ╡ ⌂ ╩ ∆╢  
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3.  

 

Ɽ♃◗♬▪ ─8≈─ ⌐≈™≡2003 ⅛╠ 2011 ─ ╩ ═√≤↓

╤ Upsala Jorge Montt Occidental Pio XI ─ 4≈⌐⅔™≡ 30 ─

⅜╖╠╣√ Perito Moreno Grey OôHiggins Viedma ⌐≈

™≡│ ⌂ │╖╠╣⌂⅛∫√ ⅜╖╠╣√ 4≈─ ─℮∟ Pio XI ╩

™√ 3 ≈─ ⌐≈™≡│ ─ ⌂ ⅜ ╠╣√ ↓↓≢│ ⌐ ─ ⅝⅛

∫√ 4≈─ Upsala Jorge Montt Occidental Pio XI ─ ╩

⇔ ∕─ ⌐ ─ ⌂⅛∫√ 4≈─ Perito Moreno Grey OôHiggins

Viedma ─ ╩ ∆╢  

 

 

3.1  Upsala  

 

 Upsala 8 │ Ɽ♃◗♬▪ ≢ 3 ⌐ ⅝™ ≢ ≢№╢ ─

│▪ꜟⱫfi♥▫כⱡ ⌐ ╣ ╪≢™╢ ─ ↕│ 400 500 m≢№╢ Naruse and Skvarca, 

2000 Aniya and Skvarca (1992) ╩│∂╘≤∆╢ ≢│ 1978 ─ ⌂ ⅜

↕╣≡™╢  ⌐ ⇔≡│ Skvarca et al. (2003) ≢ 2000 2001 ─ Landsat

─ ⅛╠ ─ ⅜ ↕╣≡™╢ ∕─ │ ─ ⅜

╙ ™ ≢ 1600 m/yr 4.4 m/yr ≤⌂∫≡⅔╡ 1995 ─ ─ ≤╟ↄ

⇔≡™√ Skvarca et al., 1995 ╕√ Floricioiu et al. (2009) │ 2007 12 2008 1

─ TerraSAR-X ≤™℮ X Ᵽfi♪ SAR ╩♃כ♦─ ™≡ ╩ ⇔√ ∕─

│ ≢ 5.6 m/day≤⌂∫≡⅔╡ 1995 ≤ 2001 ─ ≤ ∆╢≤ ╠⅛⌐

⅝⌂ ≢№∫√ ⇔⅛⇔ Upsala ─ ⅜™≈↔╤ ╕∫√─⅛ ╕√ │

≥℮⌂∫≡™╢─⅛│≤™℮ ⌐≈™≡│ ↓╣╕≢ ╠⅛⌐↕╣≡™⌂⅛∫√  

  

8  Upsala  

─ │ 2012 12 ⌐ 

╩ ⇔√ GPS─ ╩ ∆  

│ Google earth╟╡ 2003  
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≢│ 2003 2011 ─ 8 ≡™≈⌐♃כ♦─ ╩ ⇔√ 9 9

≢ ╩ ⌐ ─ ⅜ ╠╣╢─│ ⌐ ─ ─ ⅜ ⇔

ↄ ⇔√↓≤⌐╟╡ ⅜ ≢⅝⌂⅛∫√√╘≢№╢ ╟∫≡ ≢│

≢⅝√ ╟╡╙↕╠⌐ ™ ≢ ⇔≡™√≤ ⅎ╠╣╢  

─ ╩ ═╢√╘ ⌐ 2 A, B╩ ╡ ─ ╩ⱪ

꜡♇♩⇔√ 10 A │ Upsala ─ ⌐ B│ ≢№╢ Bertachi ⌐∕╣

∙╣ ⇔≡™╢ ─ │ 36Ⱨ◒☿ꜟ 500 m×500 m ─ ╩≤╡ ∕─

≡⇔≥כⱣכꜝ◄╩ ⇔≡™╢  2006 2010 ⅜♃כ♦─ ⇔⌂™√╘

∕─ ─ ⌐≈™≡│↓─ ⅛╠│╦⅛╠⌂™⅜ 2005 ≤ 2010 ╩ ∆╢≤

180 ╙─ ⅜ ╠╣√  2003 2005 ─ A ≢─ │ 2 m/day≢ ↓─

│ Skvarca et al. (2003) ⌐№╢ 2001 ─ ⌐╒╓ ∆╢ B─ Bertachi ⌐

⅔™≡╙ ⌐ 2005 2010 ≢ 200 ─ ⅜ ╠╣√  

╕√ │ 2002 ⅛╠ 2011 ─ ⌐ 3.5 km╙ ⇔≡™√ 10b

≢─ ─ │ 11⌐ ⇔≡™╢ 2003 2004 ≢│ ⅛╠ ⌐⅛↑≡

⅛╠ ⌐⅛↑≡ ⇔≡⅔╡ ─ ─╟℮⌂╙─⅜ ╠╣√ 10b

Floricioiu et al. (2009) ─ ⌐№╢ 2008 1 ─ ≤ ∆╢≤ 2008 1 ─ │

─ ⌐№╢ 2005 ─ ≤╒╓ ∂ ≢№∫√ 10b╩ ╢≤ │ 2002

⅛╠ 2005 ⌐⅛↑≡│ ₁⌐ ⇔≡⅔╡ 2008 ─ 8 ⌐ ⅜ ⇔√╟℮≢№╢  

╕√ ≤│ ⌐ 2012 12 21 28 ─ ⌂≥─ ≤≤

╙⌐ GPS╩ ™√ ─ ╩ ∫√ ∕─ ─ 8─ GPS ⌐⅔↑╢

│ 2.45 m/day≢№∫√ ↓─ │ ─ 2011 1 4 2011 2 19

─ ≢№╢ 3.01 m/day╟╡╙ ↕™ ≢№╡ ⌂ ⅜ ╕╡≈≈№╢↓

≤╩ ∆╙─⅛╙⇔╣⌂™  
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9  2003 2011 ⌐⅔↑╢ Upsala ─  
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10  a 2011 1 2 ─ Upsala ─  

b a ─ A, B⌐⅔↑╢ ≤ ─  

11  2002 2011 ─ Upsala ─ ─  

      │ 2011 2 19 ─ PALSAR  
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3.2  Jorge Montt  

 

Jorge Montt 12 │ Ɽ♃◗♬▪ ─ ─ ⌐ ⇔ │ⱨ▫ꜜꜟ♪┼≤

╣ ╪≢™╢ 1986 ⅜ ⌐ ⇔≡™╢↓≤≢ ╠╣≡™╢ Aniya et al., 

2009, Rivera et al., 2012b ⌐╟╢≤ ─ │ 1975 2000 ≢ 17.9 

m/yr Rignot et al., 2003 2000 2012 ≢ 21.5±0.8 m/yr Willis et al., 2012≢№∫√   

⇔⅛⇔ ∕─ ≢ ╩ ⇔√≤™℮ │ ⌂™ Rivera et al. (2012a) │

⌐ ⇔√◌ⱷꜝ≤ ASTER ⅛╠ 2010 2011 ─ ╩ ⇔ ≢─

│ 13±4 m/day≢№╢≤ ⇔√ ↓─ ≢│ 2010 ─ ╩ 2004 ♦

│♃כ ≤ ⇔ 2004 ⅛╠ 2010 ─ ⌐ ⅜ ↓∫√≤ ═≡™╢ ⇔⅛⇔

Jorge Montt ─ ─ ─ ╛ ─ ⌐ ⇔≡│ ╠⅛⌐↕╣≡™

⌂⅛∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2003 2011 ─ ╩ ⇔√ │ 13─╟℮⌐⌂∫√ Upsala ≤

─ │ ╠╣≡™⌂™╙── Rivera et al. (2012a) ≢ ╠⅛⌐↕╣≡™⌂⅛

∫√ ─ ╩ ╢↓≤⅜≢⅝√ 14│ⱪ꜡ⱨ□▬ꜟ A-B≤ C⌐⅔

↑╢ ─ ≤ ╩ ⇔≡™╢ ⌐⅔↑╢ⱪ꜡ⱨ□▬ꜟ A-B

─ ⌐≈™≡│ 15⌐ ⇔≡™╢ ╕√ ⌐⅔↑╢ │ 16─╟

℮⌐⌂∫√  

─ │ ⅜ ⌐▪Ɑ♃כ♦╢⌂≥ ╠╣╢√╘ 2003 2007 ─

⌐≈™≡↓─ ⅛╠│ ≢⅝⌂™ ⇔⅛⇔ 14╟╡ ─ ⅜

⅝⌂ ╩⇔≡™╢─│ ╠⅛≢№╢ │ 2003 ╕≢ ─ ≢ ⇔≡™

╢⅜ ⅜ ⌐ ⇔√ 2007 2008 ⌐│ ⅜ ⌐ ⇔≡™╢ ∕⇔

12  Jorge Montt  

│ Google earth╟╡ 2004  
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≡ 2008 ⌐│ ⅜ 470 m/yr⌐╕≢ ⇔ ⌐ ╙ 2003 ⌐ ═≡

130 ⇔≡™╢ ↓─ ╟╡ Rivera et al (2012a) ≢ ═╠╣≡™╢ Jorge Montt

─ │ 2008 ⌐ ╕∫√≤ ⅎ╢↓≤⅜≢⅝╢    

13  2003 2011 ⌐⅔↑╢ Jorge Montt ─  
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14  a 2008 1 2 ─ Jorge Montt ─  

b a ─ⱪ꜡ⱨ□▬ꜟ A-B≤ C⌐⅔↑╢ ≤ ─  

 

15  a Jorge Montt ─ⱪ꜡ⱨ□▬ꜟ A-B⌐⅔↑╢ ─  

           ╒╓ ∂ ≢ 5 ─ ╩≤╡ 5 ─ ╩ⱪ꜡ⱨ□▬ꜟ─ ≤⇔≡™╢  

─ 0─ ⅜ A≢№╢  

b ⌐⅔↑╢ 5 ─ ─ ╩ ⇔≡™╢  
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16  2003 2011 ─ Jorge Montt ─ ─  

      │ 2011 2 19 ─ PALSAR  
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3.3  Occidental  

 

Occidental 17 │ Ɽ♃◗♬▪ ─ ⌐ ⇔ ∕─ │ ┼≤ ╣ ╪

≢™╢ 2010 ─ JAXA ─ ⌐╟╢≤  ALOS⌐ ↕╣≡™╢ AVNIR-2≤ Landsat

─ ─ ⅛╠ 1986 2006 ≢ 1.1 km╒≥ ⅜ ⇔≡™╢↓≤⅜ ╠⅛⌐

⌂∫√ ╕√ Willis et al. (2012)≢│ 2000 2012 ─ Occidental ─ │ 2

5 m/yr≢№╢≤ ↕╣≡™╢ ⇔⅛⇔ ↓╣╕≢⌐ ⌐ ⇔≡─ │⌂™  

 

 

 

 

 

 

 

 

 

 

 

 

 

2003 2011 ─ 11 ≡™≈⌐♃כ♦─ ╩ ∫√ ─ │

18─╟℮⌐⌂∫√  Occidental │ ⌐ ═√ 2≈─ ≤ ═≡ ⌐ ⅜

™√╘ ⅜ ∆╢↓≤⌂ↄ╒╓ ⌐≈™≡ ╩ ╢↓≤⅜≢⅝√

⌐ A-B ⌐ C-D ≤ 2 ─ⱪ꜡ⱨ□▬ꜟ╩ ╡ ─ ╩

═√≤↓╤ │ 19─╟℮⌐⌂∫√ ─ⱪ꜡ⱨ□▬ꜟ─ │ 20, 21⌐ ⇔

≡™╢ ≢─ ⱪ꜡ⱨ□▬ꜟ C-D ⅜╒╓ ≢№╢─⌐ ⇔

ⱪ꜡ⱨ□▬ꜟ A-B ≢│ ╠⅛⌂ ⅜ ╠╣√ 2008 2010 ≤ 2004 2005

─ ╩ ═╢≤ ≢ 200 ⅜ ⇔≡™√ ╕√ │ 2004 ⅛

╠ 2011 ⌐⅛↑≡ 2 km ⇔≡™√ ⌐⅔↑╢ ⌐≈™≡│ 22

⌐ ⇔≡™╢ ⅜♃כ♦─ ─ ⌐ ═≡ ⌂™─│ ─ ─ ⌐╟

╡ ≤ ─ ╩ ╖ ╢↓≤⅜ ⌂ ╩ ™≡™╢√╘≢№╢ ─

⅛╠ ╘√ 2004 2011 ─ ─ │ 285 m/yr≢№∫√ ↓╣│ JAXA ─

⌐№╢ 55 m/yr╩ ⌐ ╢ ≢№╡ 20 ≤ ═≡ ─ ⅜ ⅛⌐ ™ ≢

⇔≡™╢≤™℮↓≤⅜ ╠⅛⌐⌂∫√ ≢ ⌐ ═√ 2 ≈─ ─╟℮⌂

─ │╒≤╪≥ ╠╣∏ 2004 2011 ≢│╒╓ ─ ≢ ⇔≡™╢╟℮≢№

╢   

17  Occidental  

│ Google earth╟╡ 2006  
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18  2003 2011 ⌐⅔↑╢ Occidental ─  
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19  a 2011 1 2 ─ Occidental ─  

b a ─ⱪ꜡ⱨ□▬ꜟ A-B, C-D⌐⅔↑╢ ≤ ─  

 

20  a Occidental ─ 

ⱪ꜡ⱨ□▬ꜟ A-B⌐⅔↑╢ 

─  

      b ⌐⅔↑╢  

21  a Occidental ─ 

ⱪ꜡ⱨ□▬ꜟ C-D⌐⅔↑╢ 

─  

      b ⌐⅔↑╢  
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22  2004 2011 ─ Occidental ─ ─  

      │ 2011 2 19 ─ PALSAR  
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3.4  Pio XI  

 

Pio XI 23 │ Ɽ♃◗♬▪ ≢ ─ ≢№╢ Occidental ─ ⌐

⇔ ∕─ ⌐│ 3380 m─ꜝ►♃꜡ ⅜№╢ │ 2≈⌐ ⅛╣≡⅔╡

─ │ ┼ ─ │ⱨ▫ꜜꜟ♪┼≤∕╣∙╣ ╣ ╪≢™╢ Ɽ♃◗♬▪ ─

ↄ─ ⌐≈™≡ ⅜ ↕╣≡™╢ ≢ 20 ⌐ ─ ⌐⅔™≡ ⅝⌂

⅜ ╠╣√↓≤≢ ╠╣≡™╢ Warren and Rivera, 1994; Rivera et al., 1997Willis et al. 

(2012) ⌐╟╢≤ 2000 2012 ≢ Pio XI ─ │ 2 m/yr ╙─ ↕≢ ⇔≡™

╢ ╕√ Rivera et al (1997) ⌐╟╢ ─ ≢│ 1995 11 ─ ─ ⌐⅔↑

╢ │ ≢ 17 50 m/day≢№∫√ ↓─╟℮⌂┤╢╕™⅛╠ Pio XI │◘

☺כ ─ ╙№╢≤ ╦╣≡™╢⅜ ─ ⌐≈™≡│╟ↄ ⅛∫≡™⌂™   

 

 

 

 

 

 

 

 

 

 

 

 

 

2003 2011 ─ 11 ≡™≈⌐♃כ♦─ ╩ ∫√ ─ │

24─╟℮⌐⌂∫√ Pio XI ─ │ ─ ⌐│ ╠╣⌂™ ⌂

╩ ⇔≡™√ ↓╣╠─ ⌐≈™≡ ─ 25a─ A-B ─ C-D

E-F ─ 3 ─ⱪ꜡ⱨ□▬ꜟ╩ ╡ ─ ╩ ═√ ∕─ │ 25

⌐ ⇔≡™╢ 25 b ⌐│ ─ ≢─ ≤ ─ ╩ 25 c ⌐│

─ ≢─ ≤ ─ ╩∕╣∙╣╕≤╘√ ≢─ ─ │

25 d ⌐ ⇔≡™╢ ─ⱪ꜡ⱨ□▬ꜟ─ ⌐≈™≡│ ∕╣∙╣ 26, 27, 28

⌐ ⇔≡™╢ ↓╣╠─ ╩ ╢≤ ─ │ 2007 ⌐ ⇔≡™╢↓≤╩

↑┌ ⇔≡™√ ≢ 2 ≈─ ⌐⅔™≡│ ⌐ ⅝⌂

⅜ ╠╣√ ⌐ ─ ≢│ ⅜ ⇔ↄ 2003 2005 2007 ⌐│ ─

─ 2 ─ ≢ ⇔≡™√ ─ ≢─ │ 2003 ⌐│ 0.2 m/day

≤ ⌂ ≢№∫√⅜ ₁⌐ ⇔≡ 2007 ⌐│ 2.0 m/day⌐╕≢ ⇔≡™√ ↓─

23  Pio XI  

│ Google earth╟╡ 2006  
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⅛╠ ─ │ ≢─ ⌐ ⌂ │ ╓⇔≡™⌂™≤™℮↓≤⅜

⇔√  

↓─╟℮⌐ ⅜ ⅝ↄ ⇔≡™╢ ≢ ⌐≈™≡│ ⌐ ═√ 3

≈─ ─╟℮⌂ ⌂ │ ╠╣⌂⅛∫√ 25b, c 29│ ⌐⅔↑╢

╩ ⇔≡™╢ 2003 2011 ─ ≢ ╢≤ ─ │ ⇔≡™√

⇔⅛⇔ ╟╡ ⅛™ ≢ꜟכ◔☻ ╢≤ 250 m─☻◔כꜟ≢ ⅛ ה ╩⇔

≡™╢╟℮≢№∫√ 25b, c  

2≈─ ─┤╢╕™⌐≈™≡│ ─ ⅛╠│ ⌂ │ ╠╣⌂⅛∫√ ⇔

⅛⇔ 2007 2008 ≢│ ─ ≢ ה ≤╙⌐ ∂╟℮⌂

⅜ ╠╣√  
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24  2003 2011 ⌐⅔↑╢ Pio XI ─  



- 27 - 

 

 

  

25  a 2011 1 2 ─ Jorge Montt ─  

b a ─ⱪ꜡ⱨ□▬ꜟ A-B⌐⅔↑╢ ≤ ─ ─  

c a ─ⱪ꜡ⱨ□▬ꜟ C-D⌐⅔↑╢ ≤ ─ ─  

d a ─ⱪ꜡ⱨ□▬ꜟ E-F⌐⅔↑╢ ─  

 

26  a Pio XI ─ⱪ꜡ⱨ□▬ꜟ A-B 

⌐⅔↑╢ ─  

b ⌐⅔↑╢  
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27  a Pio XI ─ⱪ꜡ⱨ□▬ꜟ C-D⌐⅔↑╢ ─  

b ⌐⅔↑╢  

 

28  a Pio XI ─ⱪ꜡ⱨ□▬ꜟ E-F⌐⅔↑╢ ─  

b ⌐⅔↑╢  
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29  2002 2011 ─ Pio XI ─ ─  

      │ 2011 2 19 ─ PALSAR  
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3.5  OôHiggins  

 

OôHiggins 30 │ Ɽ♃◗♬▪ ─ ⌐ ⇔ ∕─ │ ┼≤ ╣ ╪

≢™╢ Aniya et al. (2009) ≢│ 1945 1986 ⌐│ 484 km/yr ╙─ ↕≢ ⅜ ⌐

⇔√⅜ 1986 ╩ ⌐╒≤╪≥ ⅜ ╠╣⌂ↄ⌂∫√≤ ↕╣≡™╢ ↓╣│ 1986

⌐ ⌐ ⇔ ╘√ Jorge Montt ≤│ ⌂┤╢╕™≢№╢ ⌐

⇔≡│ ↓╣╕≢⌐ ↕╣≡™⌂™  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2003 2011 ─ 7 ≡™≈⌐♃כ♦─ ╩ ∫√ ─ │ 31

─╟℮⌐⌂∫√ ⌐ ⅜ ↄ ≢│ ≢ 5 m/day ╙─ ╩ ⇔

≡™√ ∕─√╘ ⌐│ ⅜ ↄ ╠╣╢⅜ ⌐ ⇔≡│ ╩

╢↓≤⅜≢⅝√ 32⌐│ⱪ꜡ⱨ□▬ꜟ A-B≢─ ≤ ─ ╩ ⇔

≡™╢ ─ⱪ꜡ⱨ□▬ꜟ─ ⌐≈™≡│ 33⌐ ⇔≡™╢ ↓╣╠─ ⅛╠

╠⅛⌂╟℮⌐ ≤ ─≥∟╠⌐≈™≡╙ ⌂ │ ╠╣⌂⅛∫

√ ↓─ │ 1986 2006 ⌐│№╕╡ ⇔≡™⌂™≤™℮ Aniya et al. (2009) ─

⌐ ⇔≡™╢ ⇔⅛⇔ ⅛™ ≢ꜟכ◔☻ ╢≤ 2003 2004 ≢│ ⅛╠

⌐⅛↑≡ ⅛╠ ⌐⅛↑≡ ⇔≡⅔╡ ─ ─╟℮⌂╙─⅜ ╠╣√

32b  

 

  

30  OôHiggins  

│ Google earth╟╡ 2008  
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32  a 2011 1 2 ─ OôHiggins ─  

b a ─ⱪ꜡ⱨ□▬ꜟ A-B⌐⅔↑╢ ≤ ─  

 

31  2003 2011 ⌐⅔↑╢ OôHiggins ─  
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33  a OôHiggins ─ⱪ꜡ⱨ□▬ꜟ A-B⌐⅔↑╢ ─  

b ⌐⅔↑╢  
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3.6  Viedma  

 

Viedma 34 │ Ɽ♃◗♬▪ ≢ 2 ⌐ ⅝™ ≢ ∕─ │ ┼≤

╣ ╪≢™╢ Aniya et al. (2008) ⌐╟╢≤ 1981 1991 ⌐ 400 m─ ⅜№∫√⅜

1993 ─ │╒≤╪≥ ⇔≡™⌂™ ⇔™ ⅜ ╠╣⌂™─│ ─

⅜ ─ ⌐ ⇔≡™╢↓≤⅜ ≢№╢≤ ⅎ╠╣≡™╢ ↓─╟℮⌐

⇔√ ⌐№╢ ∞⅜ ─ ⌐ ⇔≡│↓╣╕≢ ╠⅛⌐↕╣≡™⌂⅛∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2003 2011 ─ 7 ≡™≈⌐♃כ♦─ ╩ ∫√ ─ │ 35

─╟℮⌐⌂∫√ ═√ ─ ⌐ ═≡ ⌐ ⅜ ↄ ≢ 2 m/day╒≥≢

№∫√ 36⌐│ⱪ꜡ⱨ□▬ꜟ A-B≢─ ≤ ─ ╩ ⇔≡™╢

─ⱪ꜡ⱨ□▬ꜟ─ ⌐≈™≡│ 37⌐ ⇔≡™╢ │╒≤╪≥ ⇔

≡⅔╠∏ ≤ ∆╢╟℮⌂ ≢№∫√ ╕√ ⌐ ⇔≡╙ ⌂

│ ╠╣⌂⅛∫√  

2012 12 21 28 ⌐GPS╩ ™≡ ⇔√ │ 34─GPS ≢2.07 m/day

≢№∫√  ─ 2011 1 4 2011 2 19 ─ ≢№╢ 1.42 m/day≤

═╢≤ 150 ─ ⅜ ╠╣√ ↓─ ⅜ Upsala ⌂≥≢ ╠╣√ ⌂ ╩

℮╙─⅛≥℮⅛│ ∞⅜ ╙ ╩ ⇔≡™ↄ↓≤⅜ ≢№╢  

 

 

  

34  Viedma  

─ │ 2012 12 ⌐ ╩ ⇔√ GPS─ ╩ ∆  

│ Google earth╟╡ 2010  
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35  2003 2011 ⌐⅔↑╢ Viedma ─  
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36  a 2011 1 2 ─ Viedma ─  

b a ─ⱪ꜡ⱨ□▬ꜟ A-B⌐⅔↑╢ ≤ ─  

 

37  a Viedma ─ⱪ꜡ⱨ□▬ꜟ A-B⌐⅔↑╢ ─  

b ⌐⅔↑╢  
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3.7  Perito Moreno  

 

Perito Moreno 38 │ Ɽ♃◗♬▪ ─ ⌐ ⇔ ∕─ │▪ꜟⱫfi♥

ⱡכ▫ ┼≤ ╣ ╪≢™╢ Ɽ♃◗♬▪ ─ ↄ─ ⌐≈™≡ ⅜ ↕╣≡™

╢ ≢ Pio XI ≤ ╪≢ ⅜ ╠╣∏ ╒╓ ⌐№╢≤ ╦╣≡™╢ │

⌐┬≈⅛∫≡⅔╡ ─ ⌐╟╡ ─ ⌂ ⅜ ↓╢↓≤≢╙ ╠╣

≡™╢ Stuefer et al., 2007 Perito Moreno │ ▪◒☿☻⅜ ≢№╢√╘

ה ≤╙⌐ ↄ─ ⅜ ↕╣≡™╢ Sugiyama et al. (2011) ─

─ ⌐╟╢≤ 2010 2 3 ─ │ ⅛╠ 4.7 km ≢ 1.43 m/day

≢№∫√ ╕√ ≢│ SAR╩ ™√ Rott et al., 1998; Michel and 

Rignot, 1999 ╛ ⌐╟╢ Floricioiu et al., 2008 ; Ciappa et al., 2010⅜

↕╣≡™╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2003 2011 ─ 16 ≡™≈⌐♃כ♦─ ╩ ∫√ ─ │

39─╟℮⌐⌂∫√ ⌐│ ─ ↕⅜ ≈╙─╙№╢⅜ ≢♃כ♦─≤╪≥╒ ─

╒╓ ⌐≈™≡ ╩ ∆╢↓≤⅜≢⅝√ ↓╣╠─ │ ─

≤╟ↄ ⇔≡™√ ⌐ⱪ꜡ⱨ□▬ꜟ A-B╩≤╡ ╩ ═√ ⅜

40 b ≢№╢ ↓↓≢│ ⱪ꜡ⱨ□▬ꜟ ⌐ ⅜ │♃כ♦™ ⇔≡™╢ ─

ⱪ꜡ⱨ□▬ꜟ─ ⌐≈™≡│ 41⌐ ⇔≡™╢ A-B≢─ │ ⌐╟∫≡

─ ה ⅜ ╠╣╢⅜ ⌂ │ ╠╣⌂⅛∫√ ⌐≈™≡╙ 2002

2011 ≢ ⌂ │ ╠╣⌂⅛∫√ ─ C≢│ ⅜ 2004

38  Perito Moreno  

─ │ 2012 12 ⌐ ╩ ⇔√ GPS─ ╩ ∆  

│ Google earth╟╡ 2010  


