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▪ⱨꜞ◌ │ ≢ ∆╢ⱪ꜠כ♩ ⅜№╢ ⌂™ ≢№╢ ↓─ │

⌐ cm ⇔ ↑ ⌐│ ⅜ ∆╢≤↕╣≡™╢ ╕√ ↓─

≢│ ─ ╛ ⅜ ⌐╖╠╣ ╢ ⌐ ╛ ⅜ ∆╢   

 2007 7 ⌐♃fi◙♬▪ ≢ Mw5.9─ ╩ ╗ ⅜ ⇔ ⅔╟∕ 2ﬞ ⌐

╦√∫≡ ™√ Global CMT─ ⌐╟╢≤ ↓─ ─ ⌐M>5─ │ 8 ⇔

≡⅔╡ ∕╣╠│™∏╣╙ ─ ≢№╢ ╕√ ⅜ ╕∫≡ 1 ⌐│

⌐ ™ Oldoinyo Lengai⅜ ╩ ╘ ⅜ ⌐ ≠™√ ⌐ ╩ ℮ ╩

⇔√  

 Biggs et al.(2009,2013)≢│⁸ ⌐ CⱣfi♪ ≢№╢ ENVISAT/ASAR─♦כ♃⌐ ≠™≡

⌂ ≤ Oldoinyo Lengai─ ⌐ ℮ ╩ ⇔√ ⇔⅛⇔ ▪fiꜝ♇ⱪ

⅜ ⌐≢⅝≡™⌂™ ╙№╡ ⅜♃כ♦ ⇔≡™╢ ╙№╢ ™∏╣╙ Descending

⁸╘√╢№≢♃כ♦─╖─ ─ ╩ ≢⅝≡™⌂™ ⅜№╢ ∕↓≢ ≢

│ ╟╡ ▪fiꜝ♇ⱪ⅜ ⌂ ─ⱴ▬◒꜡ ╩ ™≡™╢ LⱣfi♪ ≢№╢

ALOS/PALSAR─ Ascending≤ Descending─♦כ♃╩ ™≡ ─ ╩ ∫√  

 ─ │ ⌐ ℮ ─ ╩ ™ ∕─ ╩╟╡ ⌐ ∆

╢√╘⌐ ⸗♦ꜟ╩ ∆╢↓≤≢ ─ⱪ꜠כ♩ ⌐⅔↑╢ ─ⱷ◌♬☼ⱶ╩

∆╢ ⅛╡╩ ╢↓≤≢№╢   

Ascending≤ Descending─ InSAR⌐╟╢ │ ⌐─┘╢ ⇔√

⅜╖╠╣ ↓─ ╩ ⌐ ⌐ ∆╢ ⅜ ╠⅛⌐⌂∫√ ↓─

─ Ɽ♃כfi│ ▪ⱨꜞ◌ ⅜ ⇔≡™╢ ≤╒╓ ∆╢ ↕╠⌐

Azimuth Offset─ │ ⇔√ ⅜╛╛ ⌐ ⇔≡™╢↓≤╩ ⇔≡™╢ ─ 3≈

─ ╩ ™≡ 3 ╩ ╘√ ⇔√ ≢│ ⌐ 62cm─ ≤

⌐ 33cm─ ⅜╖╠╣ ∕╣╩ ╗ ─ ≢│ ╦∏⅛⌂ ≤

┼ 50cm ─ ⅜╖╠╣√  

 ↓╣╠─ ╩ ⌐ ∆╢√╘⌐ ╩ ⇔≡ ⸗♦ꜟ╩ ⇔√

─ ╩ ∆╢√╘⌐ ─ ™ ™ ╩ ™√ ⸗♦ꜟ╩

⇔√ ╘╠╣√ 3 ≤↓─ ⅜ ≢№╢↓≤╩ ╖≡ ∟≤ ∟─ 2

─ ╩⅔™√   

InSAR⌐╟∫≡ ╠╣√ ╩ ∆╢ ─∆═╡ ╩▬fiⱣכ☺ꜛfi ⌐╟∫≡

╘√ ™∏╣─ ╙ 2~4km─ ↕≢ ∂ ─∆═╡ ╩ ⇔ Strike ⌐│ 75cm

Dip ⌐│ 1m─∆═╡ ╩ ⇔√ ⇔√ ─♩ⱷfiכ⸗╢╟⌐ꜟ♦⸗

(Geodetic Moment: GM)│ ≢ ♩ⱷfiכ⸗√╣↕ (Seismic Moment: SM)╩

╡ ∕─ (SM/GM)│ 41.8 ≤⌂∫√ ↓─ ⅜ ↕™╒≥ ─ ⅜ ↄ ⇔

√↓≤╩ ⇔≡™╢   
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1. │∂╘⌐ 

1.1 ≤  

 1957 ⌐ ♁ ⅜ ─ ₈☻ⱪ₉◒♬♩כ╩ ∟ →√ ∕╣ │

╩ ╘ ∕─ ≢ ⅛╠ ─ ╩≤╠ⅎ╟℮≤∆╢ ⅝⅜ ⌐ ╦╣≡⅝√

VLBI(Very Long Baseline Interferometry: )╛ SLR (Satellite Laser Ranging: 

◙כ꜠ )≤™∫√ ⌐╟╡ ™ ≢ ─ 2 ( )╩

╢↓≤⅜≢⅝╢╟℮⌐╙⌂∫√ ╙ √∟⌐ ⌂ GPS(Global Positioning System: 

)╙ ─ ≈≢ ⌐ ⅜ ↕╣√ ≢│ ⌐╙ ⌐╙

⌐ ≢ ≢⅝╢ GPS│ ─ ≤⇔≡ ≢№╢⅜ GPS─ ╩

≢⅝⌂™  ( ⌂ ⌂≥)≢│ ╩ ℮↓≤⅜≢⅝⌂™  

 ≢ ™╢ SAR (Synthetic Aperture Radar: │(♄כ꜠ ⌐ ╩ ≤∑

∏ ─ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ─ ≈≢№╢ SAR─♦כ

♃│ ─╖⌂╠∏ ╛ ⌂≥ ⌐ ∫≡ ™╠╣≡™╢ SAR │ⱴ

▬◒꜡ ╩ ⌐ ⇔ ⅛╠─ ╩ ∆╢ ─☿fi◘כ≢№╢ ⱴ▬◒꜡

⌐╟╢ ─ │ ╛ ⌐╟∫≡ ⅝⌂ ╩℮↑╢↓≤⅜⌂™ ≢№╢ ╕√ 1

⌐ ≢ ╩♃כ♦⌂ ≢⅝╢─╙ ─ ≈≢№╢  

InSAR (Interferometric SAR: SAR)│ 2≈─ ⌂╢ ⌐ ↕╣√ ⌐♃כ♦

╩ ℮↓≤≢ ∕─ ⌐ ↓∫√ ╩ ≤⇔≡ ∆╢ ≢№╢ ↓╣⌐╟╡

─╦∏⅛⌂ ╩ cm─ ≢≤╠ⅎ╢↓≤⅜≢⅝╢ 1992 ⌐ Landers (▪ⱷ

╢╟⌐(▪♬ꜟ◊ⱨꜞ◌ה◌ꜞ ─ ╩≤╠ⅎ√  (Massonnet et al. 1993)⅜ ↕╣

≡ ⅛╠ ⌐ ╢╕≢ ─ꜟכ◔☻⌂₁ ⅜ InSAR⌐╟∫≡≤╠ⅎ

╠╣≡⅝√ ╕√ ≢│ √⌂ ─ ⌐╟╡ ╟╡ ↕⌂ ╩≤╠ⅎ╢↓

≤⅜≢⅝╢╟℮⌐⌂∫≡⅝√  

 

╢╟⌐♄כ꜠ 1.2  

ⱴ▬◒꜡ ╩ ™√ │ 700 800km ╩ ∆╢ ╛ ╩ ∆

╢ ⌐ ↕╣√▪fi♥♫⅛╠ ╘  (Slant Range )⌐ⱴ▬◒꜡ ╩ ⇔

≢ ↕╣√ ╩ ∆╢↓≤≢ ╦╣╢ ╛ ⌂≥ ─⌂™ ⅛╠│

⅜╒≤╪≥⌂ↄ ≢│ ↄ ╣╢ ⌐ ╛ ⌂ ⅛╠│ ⅜ ⅝ↄ

≢ ↄ ╣╢  

╩ ∆╢ ≢ │ ⌂ ≤⌂╢ │ ⱪꜝ♇♩ⱱכⱶ

─▪☺ⱴ☻  (Azimuth direction)≤ ∕╣⌐ ∆╢꜠fi☺  (Range direction)⌐ ↑

╠╣ ∕╣∙╣─ ⅜ ⇔≡™╢ ╙ ⌂╢  

│ ╩ ↕∑╢ ─ ≈≢ ↓─ ⌐╟╡ Azimuth ─ ™

╩ ∆╢↓≤⅜≢⅝╢ (1.1)│ ╩ √⌂™ ─  Real) ♄כ꜠

Aperture Radar)─ Azimuth ─ ╩ ∆ ─♄כ꜠ │▪fi♥♫ ⌐ ⇔≡

⅔╡ ▪fi♥♫ ⅜ ↑╣┌ ™╒≥╟™ ≤⌂╢↓≤╩ ⇔≡™╢ ↓╣⌐ ⇔≡ SAR─

Azimuth ─ ( (1.2))│ │≥♄כ꜠ ⌐▪fi♥♫ ⅜ ™╒≥ ↄ⌂╢ ↓╣
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│№╢ 1 ─ ⱶכⱦ⅜♩♇◕כ♃ ⌐ ↑╢ ≤ ─♪♇ⱪꜝכ

⅛╠ ╘╠╣╢√╘≢№╢ ↕╠⌐ Azimuth ─ ⅜ ╛ⱴ▬◒꜡ ─ ⌐

⇔⌂™ │ SAR─ ─ ≤™ⅎ╢ ⇔⅛⇔ ⌐▪fi♥♫⅜ ∆⅞╢≤ ∕─╙

─⅜ ⌐⌂╢  

ЎÁ  (1.1) 

ЎÁ
,

ς
 (1.2) 

ЎÁḊ ─ÚÉÍÕÔÈ!╢↑⅔⌐♄כ꜠  

ЎÁḊ3!2⌐⅔↑╢!ÚÉÍÕÔÈ─  

ʇḊⱴ▬◒꜡ ─ ,  2Ḋ☻ꜝfi♩꜠fi☺─ ,  ,Ḋ▪fi♥♫  

 

 

 

 

 

 

 
╢╟⌐♄כ꜠ 1.1 ─☺○ⱷ♩ꜞ 
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 │ Azimuth ─ ╩ ↕∑╢⅜ Range ─ ╩ ╘╢√╘⌐

Ɽꜟ☻ ⅜ ™╠╣╢ ↓╣│ SAR─╖⌂╠∏ ♄כ꜠ ⌐⅔™≡╒≤╪≥ ™╠╣

≡™╢ ≢№╢ ꜠fi☺ ─ │ (1.3)≢ ↕╣╢  

ЎÒ
Ãʐ

ςÓÉÎʃ
 (1.3) 

ЎÒḊ꜠ fi☺ ─ ,  ÃḊ  

ʐḊⱤꜟ☻ , ʃḊꜟ ♇◒  

 

 (1.3)╟╡ Range ─ │ Ɽꜟ☻ ⅜ ™╒≥ ⌐⌂╢ 1.2─

─╟℮⌐ Ɽꜟ☻ ⅜ ™ⱴ▬◒꜡ ╩ ™╢≤ ⅜♩♇◕כ♃─≈2 ─Ɽꜟ☻

⌐ ╕∫≡⇔╕™ ╩♩♇◕כ♃─≈2 ∆╢↓≤⅜≢⅝⌂™ 1.2─ ─╟℮⌐

Ɽꜟ☻ ─ ™ⱴ▬◒꜡ ╩ ™╢≤ ╠⅛♩♇◕כ♃─≈2 ⌂╢ ╩ ∆╢↓

≤⅜≢⅝╢ ↓─╟℮⌐ ™Ɽꜟ☻╩ ™╢≤ ╩ ↕∑╢↓≤⅜≢⅝╢⅜ №╕╡

™Ɽꜟ☻╩ ™╢≤ⱡ▬☼⅜ ⅝ↄ⌂∫≡⇔╕™ ⌂ ╩ ∆╢↓≤⅜≢⅝⌂ↄ⌂

╢ ∕╣╩ ∆╢√╘ Ɽꜟ☻─ ╩ ⅝ↄ⇔╟℮≤⇔≡╙ ─ ⌐│ ╡─№╢

√╘ ≢⌂™ ∕↓≢ ∂Ɽꜟ☻ ╩ ∟⌂⅜╠ ⌐ ⌐ ╩↕∑╢

╛☻ꜟⱪⱤכꜗ♅ ⱨ▫ꜟ♃כ╩ ∆ ╩ ∆ ↓╣╩Ɽꜟ☻ ≤™™ ↓╣│

Range≤ Azimuth─ ⌐⅛↑╢↓≤⅜≢⅝╢  

╕√ (1.3)≢│ ▪fi♥♫⅛╠ ⌐ⱴ▬◒꜡ ╩ ∆╢≤ ⌐№╢ ÓÉÎʃ─ │ 0

⌐⌂╡ ⅜ ⌐ ∆╢↓≤╙ ⇔≡™╢ ↓╣⅜ⱴ▬◒꜡ ╩ ╘ ⌐ ⇔

≡™╢ ≢№╢  

 

 

 

 1.2 Ɽꜟ☻ ≤  

Ɽꜟ☻ ⅜ ™ⱴ▬◒꜡ ≢│ 

╩♩♇◕כ♃─≈2 ≢⅝⌂™  
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 SAR⅛╠ ╠╣√ ╩(Raw data)♃כ♦ ⇔≡╙ ╩ ⇔≡™╢⅛╦⅛╠⌂™ ∕↓

≢ ⌐♃כ♦ ─ ─ ╩ ℮≤ ─ SLC (Single Look Complex 

Image)╩ ╢↓≤⅜≢⅝╢ ↓╣│ ≤ ≢ ≤ ╩♃כ♦─ ╪≢™╢ ─

≢№╢ ╕√ (MLI : Multi Look Image)│ SLC ─ ⌐♃כ♦ ╕╣

╢ ≤ ─ ─ ╩ ╡ ⇔√ ≢№╢  

 

1.3 ALOS/PALSAR 

 ALOS(Advanced Land Observing Satellite ₈∞™∟₉)│ 2006 1 24 ⌐

(Japan Aerospace Exploration Agency: JAXA)⅜ ∟ →√ ≢№╢

ALOS⌐│ 3≈─☿fi◘כ⅜ ↕╣≡⅔╡ ∕─℮∟─ 1≈⅜ SAR♦כ♃╩ ∆╢√╘

─☿fi◘כ≢№╢ PALSAR(ⱨ▼כ☼♪▪꜠▬ LⱣfi♪ ╢№≢(♄כ꜠ ALOS│

╛ ⌂≥╩ ≤⇔≡ ∟ →╠╣ 2011 5 12 ╕≢ ↕╣√

⌐│ ╛ ╛Ɫ▬♅ ⌂≥─

⌂≥ ─ ⌐⅔™≡ ↄ─ ╩ ⇔√  

⌐│ LⱣfi♪( 23.6cm)─ⱴ▬◒꜡ ╩ ™≡™╢ ↓╣│ CⱣfi♪╛ X Ᵽfi♪⌂≥

─ ™ ─ⱴ▬◒꜡ ⌐ ═≡ ─ ─ ╩ ↑⌐ↄ™ ─ ╩ ↑

╛∆ↄ ⌂ ╩ ⇔⌐ↄ™ Ɽꜟ☻─ ⌐│ ∆╢ⱴ▬◒꜡ ─ ─

⅝╩ ⅎ╢↓≤≢ ▪fi♥♫─ ⅝╩ ⅎ∏⌐ⱴ▬◒꜡ ─ ╩ ⅎ╢↓≤⅜ ╢ⱨ

▬꜠▪♪☼כ▼ ╩ ⇔≡™╢ ALOS/PALSAR─ ╢↑⅔⌐♪כ⸗ ╩ ─

1.1⌐╕≤╘√  

 

1.1 ALOS/PALSAR─ ╢↑⅔⌐♪כ⸗  

 

 690km( : 7,070km) 

 ( : 46 ) 

 98  

▪fi♥♫◘▬☼ 8.9m× 3.1m 

 FBS FBD ♪כ⸗

Ᵽfi♪  28 MHz 14 MHz 

 HH, VV HH+HV, VV+VH 

 7 44m 14 88m 

 

 

1.4 InSAR 

 InSAR (Interferometric SAR SAR)│ ⌂╢ ⌐ ⇔√ 2≈─ ♃כ♦ ─

╩≤╢↓≤≢ ─ ╩ ∆╢ ≢№╢ ↓─ │ ─ꜘfi◓─ ─

≢ ≢⅝╢ ≈╕╡ 2≈─☻ꜞ♇♩╩ ─ ∫√ ⅜ ∆╢≤ ☻ꜞ♇♩⅛╠
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⌐ ╣√ ⌐│ ⅜≢⅝╢≤™℮╙─≢№╢ SAR⌐ ⅝ ⅎ╢≤ ☻ꜞ♇♩│ ─

│ⱴ▬◒꜡ │ ⌐№√╢ ╩ ∆╢ │ │ ∂ ╩

∆╢⅜ Ⱨ◒☿ꜟ ╕≢ ↄ ⇔≡™╢╦↑≢│⌂™ ∕─√╘ ∂Ɽ☻הⱨ꜠כⱶ

≢╙ ╩♃כ♦ ↕∑≡ ∆╢↓≤⅜≢⅝╢  

─ │ ⅝ↄ 2≈─ ⌐ ∆╢ └≤≈│ ( )─ ⌐

∆╢ ⌐ ⌂ ≢№╢ Bperp(Perpendicular Baseline)─ ≢ ↓╣│ꜘfi◓─ ─

≢│☻ꜞ♇♩ ⌐№√╢ ↓─ ⅜ ↕™╒≥ ─◖ⱥכ꜠fi☻⅜ ↄ⌂╢

ALOS/PALSAR─ Bperp⅜ 13500m─♦כ♃ ╕≢│ ≢⅝╢↓≤⅜ ╠╣≡™╢

─ ⌐⅛⅛╦╢╙℮└≤≈─ │ ─ ↕(▬fi♃כⱣꜟ)∞ ▬fi♃כⱣꜟ

⅜ ∆⅞╢≤◖ⱥכ꜠fi☻⅜ ⇔ ⇔⌐ↄↄ⌂╢  

╩♃כ♦─≈2  ↕∑≡ ╢↓≤⅜≢⅝╢ InSAR ( )⌐│ ─ ─ ⌐

╙™ↄ≈⅛─ ⅜ ╕╣╢( (1.4))  

Ўɮ ɮ ɮ ɮ ɮ ɮ ɮ  (1.4) 

⌐╟╢ ɮ ⌐╟╢ ɮ ╛ ⌐╟╢ⱴ▬◒꜡

─ ɮ ɮ ─ ⌐╟╢ ɮ ∕─ ─ⱡ▬☼ ɮ ≢№╢

│ꜘfi◓─ ─ ≢ ╠╣╢ ⌐№√╢ │ ╠⅛♃כ♦ ╩

⇔ ⸗♦ꜞfi◓⇔√╙─╩ InSAR ⅛╠ ⇔ ↄ↓≤≢ ∆╢↓≤⅜≢⅝╢

│ DEM(Digital Elevation Model: ⸗♦ꜟ)╩ ™≡ ≤ ⌐ ⌂ ╩⸗

♦ꜞfi◓⇔ InSAR ⅛╠ ⇔ ↄ↓≤≢ ∆╢  ╛ ⌐╟╢ⱡ▬☼

│ ⌂♩꜠fi♪─⸗♦ꜞfi◓⌐╟∫≡ ╡ ↄ↓≤⅜ ≢№╢⅜ ≢│

╛ ⌐╟╢ⱡ▬☼╩ ⌐ ╡ ↄ↓≤│ ≢№╢ ≢│ כ♦─

♃╩ ™≡ⱡ▬☼─⸗♦ꜞfi◓╩ ℮↓≤≢ ⱡ▬☼╩ ∆╢ ⅜ ╪≢™╢ ╕√ ∕

─ ─ⱡ▬☼│╒≤╪≥ ≢⅝╢ ≢№╢   

 ≢ ↓∫√ ⅜ ⅝™ ⅜√ↄ↕╪ ⅎ╢ ⇔⅛⇔ ⌐│ 1.4─╟℮

♃כ♦⌐ ≢│ 0 2ɥ⌐wrap↕╣≡⅔╡ ─ │ ⌐ ⇔≡™╢⌐╙ ╦╠∏

│ ⌐ ↕╣╢ ∕↓≢ ▪fiꜝ♇Ⱨfi◓(Phase Unwrapping)─ ╩ ∆↓≤≢

╩ ⌐≈⌂⅞ ╦∑ ─ ╩ ∆↓≤⅜≢⅝╢   

 

1.4 Phase Unwrapping─☺○ⱷ♩ꜞ 



8 

 

 ▪fiꜝ♇Ⱨfi◓⌐│ ⌐ 2 ─ ⅜№╢ ⌐ ╩≈⌂™≢™ↄ

Minimum Cost Flow ≤ ─ ≢ ╠╣√ ─ ╩ ↕∑≡™ↄ Blanch Cut

(  2010)≢№╢ ◖ⱥכ꜠fi☻⅜ ™ ⌐│ Blanch Cut ╩ ™√ ⅜ robust⌐ ─

▪fiꜝ♇Ⱨfi◓╩ ℮↓≤⅜≢⅝╢ ≢│ 2 ─ ─כꜝ◄╠⅛ ⌂™ ╩

™√   

 

1.5 Ⱨ◒☿ꜟ○ⱨ☿♇♩  

 Ⱨ◒☿ꜟ○ⱨ☿♇♩(Pixel Offset) │ ◘ⱩⱧ◒☿ꜟ ╕≢ ╦∑⇔√ SAR─♦כ♃

⅛╠ Ⱨ◒☿ꜟ↔≤─○ⱨ☿♇♩╩ ≤⇔≡ ∆╢ ≢№╢ ○ⱨ☿♇♩│Slant Range

≤ Azimuth ⌐ ∆╢↓≤⅜≢⅝ ╟╡ ⌂ ─ ⅝╩ ╢↓≤⅜≢⅝╢ ╩

╙≈ Slant Range │ InSAR─ ─ (Line Of Sight: LOS)─ (LOS 

Change)≤ ⇔ Azimuth │ ⌐ ╩╙≈ √∞⇔ ─ ⌂≥⌐╟

∫≡ⱴ▬◒꜡ ─ ⅜ ⇔√ ⌐│ ∂Ⱨ◒☿ꜟ─○ⱨ☿♇♩≤⇔≡ ↕╣⌂

™√╘ ∆╢↓≤⅜≢⅝⌂ↄ⌂∫≡⇔╕℮  

 

1.6  3  

 InSAR⌐╟∫≡ ↕╣╢ │ ⅛╠ ╕≢─ LOS─ ≤⇔≡ ↕╣≡™╢

(1.5)│ LOS─ ⱬ◒♩ꜟ╩ ∆ ʒ│ ⅛╠ ┼─ ʃ│ ─ (

⅛╠ ╡)╩ ⇔√ (1.5)⅛╠ ─ │ 3≈№╢─≢ Ascending( )≤

Descending ─ InSAR─ ∞↑≢│ ─ 3 ╩ ╘╢↓≤│≢⅝⌂™

∕↓≢ Pixel Offset ⌐╟∫≡ ╠╣√ Azimuth ─ ╙ ╡ ╣╢↓≤≢ 3≈─ ⌐

≈™≡ ≢⅝ 3 ╩ ╘╢↓≤⅜≢⅝╢( (1.6))  

5 ÃÏÓ•ÓÉÎ—Ὡ ÓÉÎ•ÃÏÓ—Ὡ ÃÏÓ—Ὡ 

Ὗ
Ὗ
Ὗ

ÃÏÓ• ÓÉÎ— ÓÉÎ• ÃÏÓ— ÃÏÓ—
ÃÏÓ• ÓÉÎ—
ÓÉÎ—

ÓÉÎ• ÃÏÓ—
ÃÏÓ—

ÃÏÓ—
π

Ὡ
Ὡ
Ὡ

 

(1.5) 

 

(1.6) 

 

 

1.7 ─  

 2007 7 ⌐♃fi◙♬▪─♫♩꜡fi ≢ ♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗ 5.9(Global 

CMT)╩ ╗ ⅜ ⇔ ↓╣│ 2ﬞ ⌐ ∫≡ ⌐ ™√ ↓─ ╩ ⅝

↓⇔√ │ Global CMT ╟╡ ⌐ ╩ ≈ ≢№╢↓≤⅜ ⅛∫≡

™╢  

↓─ │ ⌐ ╛ ⌂≥╩ ∆╢ ≢№╡ ─ ↓∫√ ─ ⌐

⇔≡™√ GPS │ ↕╣≡™⌂⅛∫√ Bear et al. (2008)Calais et al. (2008)Biggs 

et al. (2009 2013)│ ⌐ ╩ ⅎ╢↓≤⅜≢⅝╢ SAR─♦כ♃╩ ™≡ ↓─

⌐╟╢ ╩ ⇔√ ↓╣╠│ ESA(European Space Agency: )⅜ ∟ →

√ ENVISAT/ASAR─ Descending─♦כ♃╩ ™≡⅔╡ ALOS/PALSAR─ Descending─♦כ

ʒȡ)ÎÃÉÄÅÎÔ !ÎÇÌÅʃȡ(ÅÁÄÉÎÇ !ÎÇÌÅ 
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♃│ 1Ɑ▪─╖ ™≡™╢ ╕√ ⸗♦ꜟ─ ⌐│ ╩ ™≡™╢ Descending─

│≢↑∞♃כ♦ ↕╣√ ⌐ ⌂ ╩ ╠⅛⌐≢⅝∏ ╕√ ⌐ ⌂ ╩

∑╢ ⌐⅔™≡ ⸗♦ꜟ│ ⅜∕╣╒≥ ↄ⌂™≤ ⅎ╠╣╢  

≢│ ⌐ ℮ ─ ≤ 3 ⌂ ─ ╩ ⅎ╢↓≤╩ ╖╢

SAR♦כ♃─ ⌐│ ALOS/PALSAR─♦כ♃╩ Ascending│ 12 Descending│ 2

⇔√ ╩╟╡ ⌐ ∆╢√╘⌐ ╩ ™√ ─ ⸗♦ꜟ⌐╟╢

╩ ™ ⌐ ℮ ─ ⱷ◌♬☼ⱶ╩ ∆╢↓≤⅜ ─ ≢№╢ ∕

⇔≡ ⌐⅔↑╢ⱪ꜠כ♩ ─ ─ⱷ◌♬☼ⱶ╩ ∆╢√╘─ ⅜⅛╡─ ≈≤∆╢↓

≤⅜ ⌂ ─ ≢№╢  

 

 

 

1.5 2007 ⅛╠ 2009 ⌐ ⇔√ ⌐⅔↑╢ ─♩ⱷfiכ⸗  

─ │ Mw5.9─ ⅜ ⇔√ 2007/07/17╩ ─ │ Oldoinyo Lengai─ ⇔

√ 2007/07/19╩ ⇔√  

  

0.0E+00

5.0E+17

1.0E+18

1.5E+18

2.0E+18

2.5E+18

2007/01/01 2008/01/01 2009/01/01 2010/01/01
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[N
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2. ≤  

2.1  

 ♃fi◙♬▪│▪ⱨꜞ◌ ─ ⌐ ⇔√ ─ ⌐ ∆╢ ⌐ ╕╣√ ≢№

╢ ╕√ ▪ⱨꜞ◌ (East Africa Rift Valley)─ ⌐ ⇔≡⅔╡ ∆╢ⱪ꜠כ♩

⅜ ≢ ╠╣╢ ⌂™ ≢№╢ ▪ⱨꜞ◌ ─ │ ⱴfi♩ꜟ ≤ ⅝⌂

⅜№╢ ▪ⱨꜞ◌─ ≢ ─ⱴfi♩ꜟ─ ⅜ ∂ ⌐┬≈⅛∫√ⱴfi♩

ꜟ⅜ ⌐ ⅛╣≡™╢ ↓─ⱴfi♩ꜟ─ ─ ⅜ ╩ ⅝ ┌∆↓≤≢ ∆╢ⱪ꜠כ

♩ ╩ ⇔≡™╢  

↓─ │ ╙ ↄ ⇔ ⌂ ╙ ∆╢ ≢№╢ 2.1⅛╠╙ ≢

∆ ─ ≤ 2.2≢ ⇔√ⱪ꜠כ♩ ⅜ ╒≤╪≥ ⇔≡™╢↓≤⅜╦⅛╢  

 ≢ ╡ →╢ │ ♃fi◙♬▪≤◔♬▪─ ⌐№╢♫♩꜡fi (Lake Natron)

─ ≢№╢( 2.3) 2.3⌐♫♩꜡fi ─ ⌐ ─ ≤ ─ ╩ ─

≤ ⅝↕≢ⱪ꜡♇♩⇔√ ╩ ∆ ─ │ USGS(U.S. Geological Survey: 

)⅛╠ ○꜠fi☺ ─ │ Global CMT(Global Centroid Moment Tensor Project)(Dziewonski and 

Anderson 1981)⅛╠ ╠╣√CMT ╩ ⌐⇔√ 2.3╟╡ )♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗

Mw)5.9─ ─ ─ │ USGS≤ Global CMT≢ ⌂∫≡™╢↓≤⅜╦⅛╢ ⇔⅛

⇔ ⅜ ⇔≡™╢ │ ╒≤╪≥ ⌂∫≡™╢ USGS─ ─ │ ⌐

╟╢╙─≢№∫√(Kervyn et al. 2010)√╘ USGS≤ Global CMT─ ⅜ ⌂╢ ╩ ⇔√

≤ ⅎ╠╣╢  

♫♩꜡fi ⌐│ ≢ ─ⱴ◓ⱴ⅜ ∆╢ Oldoinyo Lengai( 2960m)

≤ ⌐│ Gelai( 2942m)⅜№╢ Oldoinyo Lengai│ ─ ─ 2007

7 19 ⌐ ⇔√( 1.5 ) ↓─ ≢│ ╛ ─ ╙ ↕╣ 2008 ─

╦╡╕≢ ⌐ ⅜ ™√(Kervyn et al. 2010)  
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2.3 ≤ 

 

│ Global CMT ○꜠fi☺ │

USGS⅜ ⇔√ 2006 1 ⅛╠

2011 3 ╕≢⌐ ⇔√ ─

≤ ╩ ─ ≤ ⅝↕

≢∕╣∙╣ⱪ꜡♇♩⇔√ ∕╣∙

╣─ ™ ≢ Mw5.9─ ╩

∆ ∕╣∙╣─ ≢ ╩

⇔√ ╙ ∆ ─ ↕│

™∏╣╙ 10km≢№∫√  

│ Ascending │

Descending─♦כ♃ ╩ ∆  

│ Gelai≤ Oldoinyo 

Lengai─ ╩ ⇔≡™╢  

2.1 ▪ⱨꜞ◌⌐⅔↑╢  

│ ─ ≢ 1960 ⅛╠ 2012 ╕≢⌐ ⇔√╙─╩

ⱪ꜡♇♩⇔√(USGS Catalog) │ 2.3─ ╩ ∆  

 2.2 ▪ⱨꜞ◌⌐⅔↑╢ⱪ꜠כ♩  

  USGSⱱכⱶⱭכ☺╟╡  

Mt. Gelai 

Mt. Oldoinyo Lengai 

Lake Natron 
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 ♃כ♦√™ 2.2

 │ 2007 1 4 ⅛╠ 2011 1 15 ╕≢─ ─(Strip-map Mode)♪כ⸗

ALOS/PALSAR♦כ♃╩ ™√ 2.1│ ─♃כ♦√™ ╩ ∆ 2.4⌐│ כ♦√™

♃─ Bperp─ ╩ ∆ ─ Date│ò YYYYMMDD= / /  ò≢ ∆ ⇔

─♃כ♦√ ⌐│ ─ ╩ ⅝ↄ ↑≡™╢╙─⅜№∫√√╘ ∕╣╠│ ⇔√

─ ⌐ ™√ DEM│ NASA⅜ ⇔√ 90mⱷ♇◦ꜙ─ SRTM4(Shuttle Radar 

Topography Mission)≢№╢ SAR♦כ♃─ ⌐│ GAMMA ⅜ ⇔√ GAMMA Software

╩ ™√  

2.1 ≢ ™√ ALOS/PALSAR─♦כ♃ 

Ascending(Path568 Flame7130) 

No. Date(YYYYMMDD) Mode 

1 20070104 FBS 

2 20070707 FBD 

3 20071007 FBD 

4 20080107 FBS 

5 20080408 FBS 

6 20080524 FBD 

7 20090109 FBS 

8 20090712 FBD 

9 20091012 FBD 

10 20100112 FBS 

11 20100715 FBD 

12 20110115 FBS 

Descending(Path237 Flame3670 3680) 

No. Date(YYYYMMDD) Mode 

1 20070605 FBS 

2 20100613 FBS 

 

 

 

 

 

 

 

 

 

 

 

 

2.4 ALOS/PALSAR ─♃כ♦ Bperp 

Ascending│ 2008/01/07 Descending│ 2007/06/05╩ Master ≤⇔≡ Bperp╩ ∆  

- 1379.47 

375.77 

126.7 
0 

- 245.34 

258.58 

- 605.65 
- 693.5 

- 476.08 

- 139.19 
34.1 

172.52 
0 

- 396.21 
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3.  

3.1 (Coseismic Crustal Deformation) 

 ─ ╩ ∆╢√╘ ╩ ╪≢ ╙▬fi♃כⱣꜟ⅜ ™Ɑ▪╩ ┘  

InSAR ╩ ∫√ ⌐ InSAR ⌐╟╢ ─ InSAR ≤ Pixel Offset⌐

╟╢ ╩ ∆ ─ ─ │ LOS─ ╩ ⇔≡™╢ ⅜♃כ♦─ ⇔≡™╢

│ ◖ⱥכ꜠fi☻⅜ ↄ ⅜≢⅝⌂⅛∫√ ≢№╢  

 

InSAR Ascending 

2007/07/07  2007/10/07  

5 πȢφρσὩ πȢρσρὩ πȢχχωὩ 

InSAR Descending 

2007/06/05  2010/06/13  

5 πȢφρςὩ πȢρσρὩ πȢχψπὩ 

 

 

 

3.1 ⌐⅔↑╢ InSAR ─  

10km 

10km 
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3.2 ⌐⅔↑╢ LOS Change─  

-30          0         40  

LOS Change [cm] 

Master: 2007/07/07  

Slave: 2007/10/07  

B_perp: -249.05 m 

-40          0         60 

LOS Change [cm] 

Master: 2007/06/05  

Slave: 2010/06/15  

B_perp: -396.21 m 
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 ALOS/PALSAR│ 23.6cm─ⱴ▬◒꜡ ╩ ™≡™╢√╘  InSAR ─ │ 2ɥ─

≢ LOS─ ⅜ 11.8cm ∆╢ ≈╕╡№╢ ⌐⅔™≡ ⅜ 2ɥ ∆╣┌ LOS

─ │ 11.8cm ⇔√↓≤⌐⌂╢  

InSAR ─ ⅛╠ Ascending≤ Descending─™∏╣─ ⅛╠╙ Gelai─ ≢

⅜ ↄ╖╠╣╢ ─♃כ♦ ⅜ Ascending ─ ─ ≢ ╠╣╢ ↓╣│ ⌂

⌐╟∫≡◖ⱥכ꜠fi☻⅜ ⇔√√╘≤ ⅎ╠╣╢  

⅜ ⅝ↄ ╣ ⅜ ⌐ ╣≡™╢ ≢│ LOS─ ⅜ InSAR ⅛╠│

⇔≡ ⅛╡⌐ↄ™ ∕↓≢ 3.2─╟℮⌐ InSAR ╩ꜟכ◔☻כꜝ◌─ ⅎ≡ ⇔√

Ascending≤ Descending─ ╩ ∆╢≤ 2≈─ LOS─ Ɽ♃כfi⅜ ⌐⌂∫≡™

╢ ≤ 1≈─ ⌐ ⇔≡™╢ ⌐ ↑╠╣╢ ╕√∕─ Ɽ♃כfi─ │ 2

≈╖╠╣ ™∏╣╙ ⌐ ╣≡™╢  

─ Ɽ♃כfi│ Ascending≢ LOS⅜ 28.76cm ⇔ Descending≢ LOS⅜

28.56cm ⇔≡™╢↓≤╩ ⇔≡™╢ ╟∫≡ ─ Ɽ♃כfi │ ⌐ ⇔

≡™╢≤ ⅎ╠╣╢ ─ Ɽ♃כfi│ Ascending≢ LOS⅜ 16.72cm ⇔

Descending≢ 44.95cm ⇔≡™╢↓≤╩ ⇔≡™╢ ─ Ɽ♃כfi│ ─

Ɽ♃כfi≤ ─ Ɽ♃כfi╩ ⇔≡⅔╡ ┼ ⇔≡™╢↓≤⅜ ⅛╢

Ascending≤ Descending≢ LOS─ ⅜ ⌐ ⇔√ Ɽ♃כfi│ Ascending≢│

46.94cm Descending≢│ 63.14cm─ LOS⅜ ⇔√ ↓╣│ ─ ≢│ ≢

⅝⌂™ ⇔⅛⇔ ⌐ ⅜ ↓∫√≤ ⅎ╢≤ ≢⅝╢   

2 ─ InSAR ⅛╠│ ≤ ─ Ɽ♃כfi─ ─ ≤ ─ ─

─ ╩ ╖ ╢↓≤⅜≢⅝⌂™ ∕↓≢ Pixel Offset ⌐╟╢ ╩ ℮↓≤≢ ⌂╢

╩ ╩♃כ♦∆ ╢↓≤⅜≢⅝╢ ↓─ ≤ InSAR─ ⅛╠ 3 ⌂ ⅝⅜ ╖

╣╢╟℮⌐⌂╢ Pixel Offset ⌐╟╢ ╩ 3.3⌐ ∆ ⌐ Ascending ⌐ Descending

─ ╩ ⇔ ⌐│ Range Offset ⌐│ Azimuth Offset─ ╩ ∆  

  



16 

 

 Pixel Offset  Ascending Pixel Offset  Descending 
R

a
n
g
e 

 

 

5 πȢφρσὩ πȢρσρὩ πȢχχωὩ 

 

 

5 πȢφρςὩ πȢρσρὩ πȢχψπὩ 

 

A
z
im

u
th

 

 

5 πȢςπωὩ πȢωχψὩ 

 

 

5 πȢςπωὩ πȢωχψὩ 

 

 

 

3.3 Pixel Offset ⌐╟╢  

-80             0             80 

LOS Change [cm] 
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Ascending─ ⅛╠ Range Offset≢│ ─ ⌐╟╢ⱡ▬☼⅜ Azimuth Offset≢│

─ ⌐╟╢ⱡ▬☼⅜╖╠╣╢ ∕─ⱡ▬☼─ ⌐ InSAR─ ≢ ⅜ ╠⅛⌐⌂∫√

≤ ∂ ≢◦◓♫ꜟ⅜ ≢⅝╢  

Range Offset─ │ InSAR≤ ∂ ╩ ⇔≡™╢ ⅛╠ Ɽ♃כfi│ ⅔╟

∕ InSAR⌐╟∫≡ ╠⅛⌐⌂∫√ ⌐ ™≤™ⅎ╢  

Azimuth Offset─ │ ─ ─ ⌐ ⇔≡ ─ ╩ ∆ ≈╕╡ ─ ╩

∆ │ ⌐ ⇔≡™╢↓≤╩ ⇔≡™╢ InSAR─ ≢ √ ≤ ─ Ɽ

─fiכ♃ │ ─ ⅜ ╣≡™╢  InSAR─ ≢│↓─ ⅜ ⇔≡™╢↓≤⅜ ↕

╣≡⅔╡ ─ Azimuth Offset─ │ ≢ ⌐ ™≡™╢↓≤╩ ╠⅛⌐⇔√

⌐ InSAR≢ ⌐ ┼ ⇔≡™╢≤ ╖≤╣√ ─ Ɽ♃כfi│ ⌐ ™≡

™╢↓≤╙ ╠⅛⌐⇔√ ╟∫≡ ─ Ɽ♃כfi │ InSAR≤ Azimuth Offset─

╟╡ ⌐ ┼─ ⇔≡™╢↓≤⅜ ╠⅛⌐⌂∫√ ─ Ɽ♃כfi │

╦∏⅛⌐ ─ ╩ ⇔ ↓─ │ ┼ ⇔≡™╢↓≤⅜ ╠⅛⌐⌂∫√   

 Descending─ ⅛╠ Azimuth Offset│ ─ ╩ ⅝ↄ ↑≡⅔╡ ╩ ╠⅛⌐

≢⅝⌂⅛∫√ ╕√ Range Offset─ │ InSAR─ ⌐ ⇔√ Ɽ♃כfi╩ ⇔

√  

  

 

3.4 Azimuth Offset─◦◓♫ꜟ ─  

─ ⌐◦◓♫ꜟ⅜╖╠╣╢ │ UTM ≢ ∆  

│ Northing │ Easting╩ ⇔√  
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