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≢ ⌂ ╩ ∆↓≤⅜ ╠╣≡™╢⁹♦Ⱪꜞ ─ │∕─ ⌂
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│ ⌐ ─ ╩ ∆╢ ⅜№╢⁹∕↓≢⁸ ─

≤∕─ ⁸∕⇔≡ ─♄▬♫Ⱶ◒☻ ה ה ─ ╩ ∆

╢√╘⁸ⱠⱤהꜟכⱥⱴꜝꜘTrakarding╩ ⌐2007⁸2018⁸2019─3

─ⱳ☻♩⸗fi☻כfi ⌐ ⇔√ ─♃כ♦ ╩ ∫√⁹2018

≤2019─ │╠⅛♃כ♦ ▬fiⱬfi♩ꜞ ─ⱴ♇ⱪ ╩ ⇔√⁹



∕─ ⁸ │♦Ⱪꜞ ─ ─∕╣∙╣5 6%╩ ╘≡™╢↓≤⁸ ⅜ ⌐

⇔≡™╢ ≢│ ⅝⌂ >2.0 m a1 ⅜ ∂≡™╢↓≤⅜ ╠⅛≤

⌂∫√⁹╕√⁸2018⅛╠2019⌐⅛↑≡ ─ ה ה ╩ ⇔√≤↓╤⁸

─ 15⅜ √⌂ ⌐ ⅝ ╦∫≡™╢↓≤╩ ⇔√⁹∕⇔≡⁸ ─
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1   

1.1 ⱥⱴꜝꜘ ⌐⅔↑╢♦Ⱪꜞ ─  

─ ⌐ ™ ≢ ─ ≤ ⅜ ↕╣≡⅔╡ e.g., Gardner et al., 

2013; Zemp et al., 2019; Hugonnet et al., 2021⁸▪☺▪ ≢╙ ⌐ ⌂ ─

⅜ ↕╣≡™╢ e.g., Bolch et al., 2012; Brun et al., 2017; Shean et al., 2020; Miles et al., 2021⁹

e.g., Pritchard, 2019

e.g., Immerzeel et al., 2020

e.g., Furian et al., 2020; Li et al., 2022

 

ⱥⱴꜝꜘ ⌐⅔™≡│ ⅜ ♦Ⱪꜞ ⌐ ╦╣≡™╢₈♦Ⱪꜞ debris-covered 

glacier₉≤™℮♃▬ⱪ─ ⅜ ↄ ⇔≡™╢ 1.1⁹♦Ⱪꜞ │ ⅛╠ ↕

╣√ ╛ ⅜ ⌐ ⁸№╢™│ ⌐ ╡ ╕╣ ⌐ ⅛∫≡ ↕╣╢↓

≤≢ ↕╣╢ e.g., Evatt et al., 2015; Anderson and Anderson, 2016; Gibson et al., 2017; 1.2⁹⇔√⅜

∫≡⁸ ⌐│ ─ ─♦Ⱪꜞ ⅜ ↄ⁸ ⌐ ⅛∫≡♦Ⱪꜞ

⅜ ↄ⌂∫≡⌂╢ ≢│№╢⅜ e.g., Zhang et al., 2011; Anderson et al., 2021; McCarthy et al., 2021⁸

∕─ │ ⌐ ⌐ ≢№╡⁸ ₁⌂◘▬☼─ ≢ ↕╣√ cm⅛╠ cm─

↕─♦Ⱪꜞ ⅜ ⌐ ⅜∫≡™╢⁹ ─ ≢│▪☺▪ Randolph Glacier Inventory: 

RGI 13ï15⌐⅔↑╢ ─ 1019%⅜♦Ⱪꜞ ≢№╢↓≤⅜╦⅛∫≡⅔╡ Herreid  
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1.1 ♦Ⱪꜞ ─ ⱠⱤ⁸ꜟכTrakarding⁸201710 ⁹ 

 

1.2 Evatt et al. (2015) ⌐╟╢♦Ⱪꜞ ─ ⁹ 
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and Pellicciotti, 2020; 1.3⁸ⱥⱴꜝꜘ⌐⅔↑╢ ≤ ⇔≡ ⅝⌂♦Ⱪꜞ │

─♄▬♫Ⱶ♇◒⌂ ╛ ─ ─ ⌂ ⌐ ∆╢╙─≢№╢

≤ ⅎ╠╣≡™╢ e.g., Scherler et al., 2011; Nagai et al., 2013; Herreid and Pellicciotti, 2020⁹ 

 

1.3 ⌐≡ ↕╣√RGI ⌐⅔↑╢♦Ⱪꜞ ─ Herreid and Pellicciotti, 2018⌐

⁹ │ ─ ─ ⁹ ─◘▬☼│ ≢─♦Ⱪꜞ ─ ⁹ ≢ ╕╣√

ⱪ꜡♇♩⅜▪☺▪ ⌐ ╕╣╢ RGI 13ï15⁹ 

 

♦Ⱪꜞ ─ ≤⇔≡⁸ ─♦Ⱪꜞ ⅜ ™ │♦Ⱪꜞ ─ ⌐ ∆╢

⅜ ∂⁸ ≢ cm ─ ™♦Ⱪꜞ │♦Ⱪꜞ ─ ╩ ∆╢≤™℮↓≤⅜

≢─ ⌐╟╡ ↕╣≡⅝√ e.g., Ïstrem, 1959; Mattson et al., 1993; Nicholson and Benn, 

2006; Collier et al., 2015⁹ ↄ─♦Ⱪꜞ ⌐⅔™≡│ ™♦Ⱪꜞ > ~5 cm⌐╟╢
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⅜ ∂≡™╢√╘⁸♦Ⱪꜞ ─ fiכꜞ◒│ ♦Ⱪꜞ⌐ ╦╣≡™⌂™

─ ≤ ⇔≡ ™≤ ⅎ╠╣≡™√⁹⇔⅛⇔⁸ ─ ⌐◓fi◦fi☿♩כ⸗ꜞ ≠ↄ

╩ꜟכ◔☻ ─ ⌐╟╡⁸♦Ⱪꜞ fiכꜞ◒≥ ⅜ ⁸╕√│∕╣

─ ╩ ≈↓≤⅜ ╠⅛⌐↕╣≡⅝√ e.g., Kªªb et al., 2012; Nuimura et al., 2012; 

Gardelle et al., 2013; Lamsal et al., 2017; Brun et al., 2019⁹↓─ ⌂⁸ ↓╣╕≢─ ⌂ ≤│

⌂╢♦Ⱪꜞ ─ │Γdebris-covered anomalyΔ e.g., Pellicciotti et al., 2015; Vincent et al., 2016; 

Salerno et al., 2017≤╙ ┌╣≡™╢⁹ 

─╟℮⌂♦Ⱪꜞ ⌐⅔↑╢ ⅝⌂ ╩ ⅝ ↓∆ ─ ≤⇔≡⁸♦Ⱪꜞ ⌐

≡ ↕╣╢ ⌂ ⅜ ─ ╩ ↕∑≡™╢↓≤⅜ ↕╣≡⅝√ 1.4; e.g., 

Sakai et al., 1998; 2002; King et al., 2019; Maurer et al., 2019; Buri et al., 2021; Miles et al., 2018; 2022⁹

≢│↓─ ≢╙ ⌐₈ ice cliff₉≤₈ proglacial lake₉≤™℮ ─

⌐ ⇔√⁹ 

♦Ⱪꜞ ─ ⌐ ↕╣╢ ice cliff│⁸♦Ⱪꜞ ⅛╠ ⅜ ⇔⁸∕─ ─ ╡

╡ ∫√ ─ ⌂ ╩⇔√ ≢№╢ 1.5a⁹↓─ │ ╟╡ ⌐ ∆╢

⅜ ↕╣⁸ ↕╣≡⅝√ e.g., Sakai et al., 1998; Han et al., 2010; Reid and Brock, 2014; Steiner et al., 

2015⁹ │⁸ ⅜ ™≡™╢ ™♦Ⱪꜞ ⌐ ╕╣≡ ⌐ ⇔≡™╢√╘⁸♦Ⱪ

ꜞ ⌐⅔↑╢₈ ─ ₉─╟℮⌂ ╩ √⇔⁸ ⅛≈ ⌐ ⅝⌂ ⅜ ∂╢

e.g., Buri et al., 2021⁹╕√⁸ ─ ⌐│◦ꜟ♩ ─ ─ ⅛⌂ ⅜ ⇔⁸ ▪ 
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1.4 Miles et al. (2020) ⌐╟╢♦Ⱪꜞ ⌐ ↕╣╢ ─ ⁹ 

 

ꜟⱬ♪ ⅜ ™ ≢ ⌐ ↕╣≡™╢√╘⁸╟╡ ∕─ │ ↕╣╢ 1.5a⁹ │

⌐ ∆╢ │ ↕™⌐╙ ╦╠∏ ⌐♦Ⱪꜞ ─ ╩ ∆╢√╘⁸♦Ⱪꜞ

─₈ⱱ♇♩☻ⱳ♇♩₉≤╙ ┌╣ e.g., Buri et al., 2018; Sato et al., 2021⁸ ╕≢ ╪⌐ ⅜

↑╠╣≡™╢⁹ 

∕⇔≡⁸ ─ ⌐ ↕╣╢ 1.5b │⁸ ─♄▬♫Ⱶ◒☻╩ ↕∑╢≤≤╙

⌐⁸ ⌐⅔↑╢ ╩ ↕∑╢↓≤⅜ ╠╣≡™╢ e.g., Maurer et al., 2016; King et al., 

2017; 2018; Liu et al., 2020⁹ │♦Ⱪꜞ ─ ≢ ─ ↕⌂ supraglacial lake

⅜ ⇔ ∆╢↓≤≢ ↕╣ Quincey et al., 2007; Sakai and Fujita, 2010⁸ ─ │ 
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1.5 ♦Ⱪꜞ ⌐ ↕╣╢(a) ≤ ⱠⱤכꜟTrakarding⁸201710 ≤(b) 

Ⱪכ♃fiLunana⁸20183 ⁹ 

 

⌐№╢♦Ⱪꜞ ⌐⅔™≡⁸ ─ ⅜ ⌐ ⇔≡™╢↓≤╩ ∆╢◘▬fi

─ ≈≢№╢≤↕╣≡™╢ Benn et al., 2012; 1.6⁹ ⅜ ⌐ ╣ ╗

lake-terminating glacier│ ◓ⱦfiכ◌≡™⅔⌐ calving≤ ┌╣╢ ─ ⅜ ∂╢

↓≤⌐╟╡ ⅜ ↕╣ e.g., Benn et al., 2007; Watson et al., 2020⁸ ≢─ ⌐⅔™
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≡╙ ⌐ ─ ™ land-terminating glacier≤ ⇔≡ ⅝⌂ ⅜ ∂╢↓≤⅜

╠╣≡™╢ e.g., King et al., 2019; Brun et al., 2019⁹ 

 

1.6 Benn et al. (2012) ⌐⅔↑╢♦Ⱪꜞ ─ ≤ ─ ⌐ ∆╢ ⁹ñRegeme1ò⅛╠

─ ⅜♀꜡⌐⌂╢ ELA─ ∆╢↓≤⌐ ™⁸ ⅛╠─ ⱨꜝ♇◒☻⅜

⇔ ⅜ ⌐⌂╡ ╩ ∆╢ ñRegeme2ò⁹ ⌂ñRegeme3ò≢│ ⅜ ↕╣

≢─ ⅜ ∆╢⁹ 

 

↓╣╠─ ⌐ ⇔≡│ⱥⱴꜝꜘ─╖⌂╠∏ ─ ⌐⅔™≡ ◦fi☿♩כ⸗ꜞ⁸

fi◓⁸ ⸗♦ꜟ ─ ₁⌂ ╩ ™≡ ⅜ ╦╣≡™╢⅜⁸∕─ ─ ⁸

♦Ⱪꜞ ─ ╛♄▬♫Ⱶ◒☻⌐ ⅎ╢ ⁸∕╣╠─ ⌐│ ─ⱷ◌♬☼ⱶ⅜ ↄ

↕╣≡™╢⁹ 
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1.2 ╩ ™√♦Ⱪꜞ ─  

1.1≢ ═√╟℮⌐⁸♦Ⱪꜞ ⌐⅔™≡ ∂╢ ─ ╩ ╖ ∆ ≤⇔≡⁸∕─

⌐ ∆╢ ─ ⅜ ↕╣≡⅝√⅜⁸♦Ⱪꜞ ⌐ ↕╣╢ ⌂ ╛

─ ╩ ה ∆╢√╘⌐│ ⅛≈ ⅜♃כ♦◓fi◦fi☿♩כ⸗ꜞ─

≢№╢⁹↓─ ─ ─√╘⁸ │ ╩♃כ♦ ∆╢↓≤⅜ ⌂

≤ ╩ ╖ ╦∑√ ⅜ ™╠╣╢╟℮⌐⌂∫≡⅝√⁹ 

2010 ⁸UAVUnmanned Aerial Vehicle≤ ╛⁸ ⅛╠ ⇔√ ─

⅛╠ ⸗♦ꜟ╩ ∆╢ ≢№╢Structure from MotionSfM─♁ⱨ♩►▼▪

⌐ ™⁸ ⅜ ⌐ ↕╣╢╟℮⌐⌂╡ ╘√ Westoby et al., 2012⁹

Immerzeel et al. (2014) │ⱠⱤכꜟ─Lirung─♦Ⱪꜞ ╩ ⌐⁸ UAV╩ ™≡

⌐2 ─ ╩ ⇔√⁹ │ ╘≡ ⌐ ─♦Ⱪꜞ ⌐

UAV⌐╟╢ ╩ ⇔√ ≢№╡⁸♦Ⱪꜞ ─ ⌂ ≤∕─ ╩ ≢

│ ⌂0.2 m ≤™℮ ≢ ∆╢↓≤⌐ ⇔⁸ ⌐╟╢♦Ⱪꜞ

─ ⅝⌂ ≤ ╩ ⇔√⁹∕─ ⁸ⱥⱴꜝꜘ e.g., Brun et al., 2018; Kraaijenbrink et 

al., 2018; Sato et al., 2021⁸☻▬☻▪ꜟⱪ☻ e.g., Mºlg et al., 2019; Fyffe et al., 2020⁸ e.g., Wigmore 

et al., 2017; Irarrazaval et al., et al., 2022⁸◖כ◌◘☻ Karimi et al., 2021⌂≥ ─♦Ⱪꜞ

⌐≡ √⌐ ⅜ ↕╣⁸ ─ ╩♃כ♦ ™√ ─ ⅜ ╦

╣≡™╢⁹ 

╩ ⇔√ ─ ⌐│ ─ ⅜ ∆╢⅜⁸ ⌂╙─≤⇔≡│ ─ ⅜
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→╠╣╢⁹ 

(a) ≢│ ⌂ 1.0 m─ ─ ╩♃כ♦

∆╢↓≤⅜ ≢№╢ e.g., Immerzeel et al., 2014; Brun et al., 2018; Fyffe et al., 2020; Sato et al., 

2021⁹ 

(b) ꜞ ─♃כ♦◓fi◦fi☿♩כ⸗ ⁸ ⁸ ╩ ─ ╡⌐

∆╢↓≤⅜ ≢№╢ e.g., Kraaijenbrink et al., 2016a; Fujita et al., 2017; Watson et al., 2020; 

Westoby et al., 2020; Sato et al., 2022⁹ 

(c) ⌂☺○ꜞⱨ□꜠fi☻ ה ─ ⅜ ⇔√ ⌐│⁸ ≢│

⌂ ─ ╛ ⌂ ╩ ∆╢↓≤⅜ ≢№╢ e.g., 

Miles et al., 2017a; Fyffe et al., 2020; Westoby et al., 2020; Kneib et al., 2022⁹ 

(d) ⱪꜝ♇♩ⱨ◊כⱶ ⌐ ∆╢☿fi◘ ◌ⱷꜝכ♄כ꜠ה ╩ ⌐ ∂≡

∆╢↓≤⅜≢⅝╢ e.g., Kraaijenbrink et al., 2018; Gºk et al., 2022⁹ 

(e) ─ ╩♃כ♦ ∆╢↓≤≢⁸ ─ ≢│ ≢№∫√

⌂ ╩♃כ♦ ∆╢ ⅜ ≤⌂╢ e.g., Mertes et al., 2017; Mºlg et al., 2019; King et al., 

2020; Sato et al., 2021⁹ 

 

─╟℮⌐ ₁⌂ ╩ ™≡♦Ⱪꜞ ─ ⅜⌂↕╣≡™╢⅜⁸ ⅛

≈ ─≢♩♇☿♃כ♦─ ─ ⅜ ≤⌂∫√─│ ─↓≤≢№╢√╘⁸

⌐ ≢⅝╢╟℮⌂ ⌂ │ ∞⌐ ≢№╢⁹  
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1.3 ⌐⅔↑╢  

≢│♦Ⱪꜞ ─ ≤ ┼─ ╩ ∆╢√╘⁸ ╩ ⇔≡─

≤ ⌐≡ ∆╢ ─ ╩ ─╟℮⌐ ⇔√⁹ 

ừ ╩ ⇔≡─  

╩♃כ♦ ™≡⁸ⱥⱴꜝꜘ ─♦Ⱪꜞ ╩

∆╢⁹ 

ừ ⌐≡ ∆╢  

ₒ 2 ₓ♦Ⱪꜞ ─ ─ ≤ ⅜ ⌐ ⅎ╢  

♦Ⱪꜞ ─ⱱ♇♩☻ⱳ♇♩≢№╢ │≥─╟℮⌐⇔≡ ╕╣⁸≥─╟℮⌐ ⇔⁸

⌐≥─╟℮⌂ ╩⅔╟╓∆─⅛  

ₒ 3 ₓ ─ ⅜♦Ⱪꜞ ─ ⌐ ⅎ╢  

♦Ⱪꜞ ─ ⌐⅔↑╢ ─ │⁸ ⌐≥─╟℮⌂ ╩ ╓∆─⅛  

 

∕⇔≡⁸ ─ ╩ ∆╢√╘⌐⁸ 2 ≢│ⱠⱤהꜟכⱥⱴꜝꜘ╩ ⌐⁸ 3 ≢│Ⱪ

╩ꜘꜝⱥⱴהfi♃כ ≤⇔≡⁸ ⁸ ⁸ ⸗♦ꜟ ╩ ╖ ╦∑√♦Ⱪꜞ

─ ⌐ ╡ ╪∞⁹ 
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2  ♦Ⱪꜞ ─ ─ ≤ ⅜ ⌐ ⅎ╢  

ⱠⱤהꜟכⱥⱴꜝꜘTrakarding⌐⅔↑╢ ♄▬♫Ⱶ◒

☻─ ≤ ┼─  

 

2-1  ⱠⱤהꜟכⱥⱴꜝꜘ Trakarding⌐⅔↑╢ ♄▬♫Ⱶ◒☻

─  

2-1.1  

ⱥⱴꜝꜘ ⌐│ │ ⅜ ⌐ ╦╣√♦Ⱪꜞ ⅜ ↄ ⇔≡⅔╡⁸↓─♦Ⱪꜞ

│ ⌂ ╩ ∆ e.g., Zhang et al., 2011⁹ ↄ─♦Ⱪꜞ ⌐⅔™≡│↓─♦Ⱪꜞ ⌐

╟╢ ⅜ ∂≡⅔╡⁸♦Ⱪꜞ ─ │ fiכꜞ◒─ ≤ ⇔≡ ™≤

ⅎ╠╣≡™√⅜⁸ ─ ⌐◓fi◦fi☿♩כ⸗ꜞ ≠ↄ ─ ⌐╟╡⁸♦Ⱪꜞ

fiכꜞ◒≥ ⅜ ─ ╩ ≈↓≤⅜ ╠⅛⌐↕╣√ e.g., Kªªb et al., 2012; 

Nuimura et al., 2012; Gardelle et al., 2013; Lamsal et al., 2017; Brun et al., 2019⁹↓─₈debris-covered 

anomaly₉Pellicciotti et al., 2015; Vincent et al., 2016; Salerno et al., 2017─ ≤↕╣╢ ≈─ ⅜⁸

♦Ⱪꜞ ⌐ ∆╢ ─₈ⱱ♇♩☻ⱳ♇♩₉≢№╢ ice cliff⌐╟∫≡ ⌐ ⅝⌂

⅜ ⅝ ↓↕╣╢≤™℮ ≢№╢ Sakai et al, 1998, 2002; Han et al, 2010; Steiner et al, 2015; Buri et 

al, 2016a; Thompson et al, 2016; Brun et al, 2018; Anderson et al, 2019a⁹ 

↓╣╕≢⌐ ─ ⱪ꜡☿☻╛ ╩ ∆╢√╘⁸ ─◓fi◦fi☿♩כ⸗ꜞ╛
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╩ ™≡ ₁⌂ ⅜ ╦╣≡⅝√⁹Sakai et al. (1998) │⁸ⱠⱤכꜟ─Lirung⌐≡

⌐ⱴכ◌כ╩ ∆╢↓≤⌐╟╡⁸ ╘≡ ─ ╩ ⇔√⁹ ─ ≢│

╩♃כ♦◓fi◦fi☿♩כ⸗ꜞ ™≡ ─ ⌐ ∆╢ ╩ ∆╢↓≤⅜ ╖╠

╣≡™╢⁹Thompson et al. (2016) │⁸Worldview⅛╠ ↕╣√ 1.0 m─♦☺

♃ꜟ ⸗♦ꜟ DEM╩ ™≡⁸ⱠⱤהꜟכ◒fiⱩ ─Ngozumpa─ ╩

⇔√⁹∕─ ⁸ ⅜ ♦Ⱪꜞ ─ 5%─╖≢№╢⌐╙⅛⅛╦╠∏⁸ ⅜

─ ─ 40%╩ ╘≡™╢↓≤╩ ™∞⇔√⁹ 

∕⇔≡⁸ ─ ⌐ ≠ↄ ♃כ♦ ≤ UAV─ │⁸ ─

╩ ⅝ↄ ↕∑√ e.g., Immerzeel et al., 2014⁹Brun et al. (2018) │⁸ UAVה

⁸ ╩♃כ♦ ╖ ╦∑≡⁸ⱠⱤהꜟכ◒fiⱩ ─Changri Nup─♦Ⱪꜞ ─

─ ╩ ⇔√⁹∕─ ⁸ ─ │♦Ⱪꜞ≢ ╦╣√ ─ ─ 8%─╖≢№

╢⌐╙⅛⅛╦╠∏⁸ ⅜ ─ ─23%⌐ ∆╢↓≤⅜ ↕╣√⁹ 

╕√⁸ ─ ה ╩ ∆╢√╘⌐⁸ ─ ╛ ⌐ ∆╢ ⅜

≢ꜟכ◔☻ ╦╣≡™╢⁹Watson et al. (2017a) │⁸Google Earth Pro╩ ™≡ⱠⱤהꜟכ◒fiⱩ

─14─ ─ ≤ ╩ⱴ♬ꜙ▪ꜟ ⇔√⁹∕─ ⁸ ─ ⌐ ╦╠∏ ⅝─

⅜ ⇔≡⅔╡⁸ ─ │ ⌐ ⇔≡ ↕╣╢ ⅜ ™↓≤╩ ╠⅛⌐⇔√⁹

Steiner et al. (2019) │⁸ⱠⱤכꜟ─Langtang╩ ⌐⁸ ─ ╩ ╖ ╦∑≡1974

⅛╠2015╕≢─ ─ ╩ ⇔⁸Langtang─17%─ ⅜ 10 ⅎ∏⌐

⇔≡™√↓≤╩ ╠⅛⌐⇔√⁹ 
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↓╣╠─ │♦Ⱪꜞ ⌐⅔↑╢ ─ ╩ ↕∑√⅜⁸↓╣╕≢

< 1 m─ꜞ⸗כ♩☿fi◦fi◓♦כ♃╩ ™≡⁸ ₁⅛≈ ─≢ꜟכ◔☻ ⸗♬♃ꜞfi

◓╩ ⇔√ │ ⌐ ≢№╢ e.g., Immerzeel et al., 2014; Brun et al., 2018⁹⇔√⅜∫≡⁸♦Ⱪ

ꜞ⌐ ╦╣√ ─ ─ ◘▬☼⁸ ⁸ ⌂≥ ⁸ ⁸∕⇔≡ ─♄▬♫

Ⱶ◒☻ ─ ⁸ ⁸ ⁸ ─ ⌐≈™≡│⁸ ─ ⅜ ↄ ╢⁹∕↓≢

≢│ⱠⱤהꜟכⱥⱴꜝꜘ─♦Ⱪꜞ⌐ ╦╣√Trakarding╩ ⌐⁸ ╩

™≡⁸ 

♦Ⱪꜞ ─ ╩ ∆╢⁹ ▬fiⱬfi♩ꜞ─  

─ ≤ ─ ╩ ∆╢⁹ 

─ ─ ⁸ ⁸ ─ ╩ ⇔ ∆╢⁹ 

─3 ╩ ∆╢↓≤╩ ≤⇔≡ ⇔√⁹ 

 

2-1.2  

─Trakarding27.9ÁN⁸86.5ÁE │ⱠⱤהꜟכⱥⱴꜝꜘ ─Rolwaling⌐

⇔≡™╢♦Ⱪꜞ ≢№╢ 2.1⁹ ⌐│♦Ⱪꜞ─⌂™◒ꜞכfi ─Trambau

⅜ ⇔≡⅔╡⁸ │1970 ⌐ ╡ ↕╣√↓≤⅜╦⅛∫≡™╢⁹RGI ▬fiⱬ

fi♩ꜞ─ ≢│2 ╩ ∑≡ ≈─ ≤↕╣≡™╢√╘⁸↓╣╕≢─™ↄ≈⅛─ ≢│⁸

↓╣╠2≈─ ╩₈Trakarding-Trambau Glacier systemTrakarding-Trambau₉≤⇔≡ ∫≡

⅝√ Podolskiy et al., 2018, 2019; Sunako et al., 2019⁹ ─ │31.7 km2Nuimura et al., 2015
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≢№╡⁸ 4,500-6,690 m a.s.l.⌐ ⇔≡™╢⁹ 

 

 

2.1 ─ ⁹(a) 200711 24─ ⌐☺▼♇♩ ⅛╠ ↕╣√ ─

⁹(b) Trakarding─ ─ ≤ GPS♩ꜝ♇◒⁹(c) Rolwaling─ ⁹(d) 

Trakarding-Trambau◦☻♥ⱶ─ ⁹(b)⁸(d)─ │⁸Sentinel-2 201711 24

⁹(d)─ │⁸ 2.8─ ╩ ∆⁹ ─ │⁸GAMDAM Glacier InventoryNuimura et al., 2015; 

Sakai, 2019╩ ⇔√╙─≢№╢⁹ 

 

Trakarding│ ⌂ ⌐ ╕╣≡⅔╡⁸ ─ │ ⌐ ⅛╠─ ⌐╟∫≡

∂≡™╢⁹╕√⁸ ╢╟⌐◒כ♥☻─ ≢│ ─ ⅜ ↕╣≡™╢ Sunako et al., 

2019⁹ ⌐│ⱠⱤכꜟ ─ ≢№╢Tsho Rolpa╩ ≈ ≢№╡⁸↓─Tsho 

Rolpa│1950⅛╠ ⇔ ↑≡™╢ Sakai et al., 2000a; Fujita et al., 2013⁹Trakarding│
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≢ ╦╣√♦Ⱪꜞ ─ ⅜2.9 km2⁸ ─ ⌐ ∫√ ↕⅜4.7 km2018─

╩ ⁸ ~310Á┼≤ ⇔≡™╢⁹ ─ ⁸ ╩ sectionA-I

≤ꜝⱬꜟ ↑⇔√9≈─ ⌐ ↑ 2018 ⅛╠500m ⁸ ╛ ─

╩ ⇔√ 2.1b⁹ 

 

≥♩♇☿♃כ♦ 2-1.3  

2-1.3.1  

2016─ⱪ꜠⸗fi☻כfi◦כ☼fi⅛╠Trakarding≢ 5 ─ ╩ ⇔√⁹2016

5 ⌐ ╘≡ ╩◒כ♥☻⌐ ⇔⁸2016⅛╠2019╕≢ ⱳ☻♩⸗fi☻כfi◦כ

☼fi─10ï11⌐ ╡ ⇔ ╩ ─◒כ♥☻⁹√⇔ │⁸ GPSDGPS⁸GEM-1/-2⁸

▬ⱠכⱩꜝכ ╩ ⇔≡ ↕╣√⁹╕√⁸ ⌐ ≠ↄ♦☺♃ꜟ ♃כ♦

─ ╩ ╢√╘⌐⁸20165 ≤201910⅛╠11⌐ ≤ ─ ⇔√ ⌐

⅔™≡◐Ⱡⱴ♥▫♇◒DGPS ╩ ∫√ 2.1b⁹↓─ ─√╘─ │⁸ fiכ꜠⸗

─ 4806 m⌐№╢ Automatic Weather Station; AWS─ ⌐ ⇔√ 2.1b⁹ 

 

2-1.3.2  

≢│3 ⌐ ∫≡ ↕╣√ ╩♩♇☿♃כ♦ ™≡⁸Trakarding─

⁸ ⁸ ─ ╩ ⇔√ 2.1⁹ ─2018≤2019─∕╣∙╣

─ ⌐ ╩ ⇔√⁹╕√⁸10 ─ꜟכ◔☻ ╩ ∆╢√╘⌐2007
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─ ╩♃כ♦─ ⇔√⁹ 

 

2.1 ≤Structure from Motion─♦כ♃ ─ ⁹ 

 24 Nov 2007 18 Oct 2018 18ï19 Oct 2019 

Platform Business jet plane Helicopter Fix-wing UAV 

Camera 
Canon EOS-1Ds Mark  
CanonEOS-5D 

Ricoh GR 
Ricoh GR II 

Ricoh GR II 

Number of flights 1 1 4 

Number of images 242 986 1,644 

Flying altitude (m a.g.l.)* 6,690 686 449 

Coverage area (km2)* 401 80 121 

Ground resolution (m)* 1.49 0.18 0.11 

Number of GCPs 33 78 174 

SfM-DEM size (pixel)* 18,736 Ĭ 17,671 71,988 Ĭ 62,360 208,277 Ĭ 208,662 

Ortho/DEM resolution (m) 2.0/2.0 0.2/0.2 0.2/0.2 

*Agisoft Metashape⌐≡ ↕╣√  

 

2018─ ≢│10 18⌐Ⱬꜞ◖ⱪ♃כ╩ ⇔⁸☻◐♇♪ Ⱬꜞ─ ≤

─ ⌐ 3 ─◌ⱷꜝ Richo GR⅔╟┘GRII╩ ╡ ↑ 2.2a⁸ ◌ⱷꜝ2 ─♃▬

ⱶꜝⱪ☻◌ⱷꜝ ≢ ╩ ⇔√⁹ 

2019─ ≢│ UAVHobbyking Sky Walker X-5; 2.2b ╩ ⇔√⁹ 1.8 m⁸
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1.4 kg ◌ⱷꜝ ╗ ─ ⌐Richo GRII╩ ╡ ↑⁸1 ─♃▬ⱶꜝⱪ☻ ≢

╩ ∫√⁹ ⇔√ ─ │Fujita et al. (2017) ⌐ ↕╣≡™╢⁹2019─ ≢│10

18≤19⌐ 4 ─ ╩ ⇔√⁹ │ 60km hī1⁸

│ 60⁸ ≤ │ ⱪ♇ꜝכⱣכ○─ ⅜ 80%⁸ ─

ⱪ♇ꜝכⱣכ○ ◘▬♪ꜝ♇ⱪ ⅜ 60%⁸ ⅜0.2 m ≤⌂╢╟℮⌐ ⇔√⁹ 

 

2.2 (a)Ⱬꜞ◖ⱪ♃כ─◌ⱷꜝ ⁸(b) UAVskywalker X-5⁹ 

 

╕√⁸2007⌐☺▼♇♩ ⅛╠ ↕╣√ ╩♩♇☿♃כ♦ ⇔⁸ ─ 10

─ ╩ ⇔√⁹ ⌐│Canon EOS-5D≤Canon EOS-1Ds─2 ─◌ⱷꜝ⅜ ↕

╣⁸ │ 6,700 m≤ ↕╣≡™╢⁹2007⌐ ⇔√ │ ↕╣√

⅜ ™√╘⁸ │ ↄ⁸ ╛ ─ │ ≢№∫√⁹∕─√╘⁸↓╣

│♃כ♦─╠ ─ ⌐─╖⌐ ⇔√⁹2007≤2018│ ─ ⇔√ ─

⌐ ⇔√⅜⁸2019─ │Trakarding╩ ⌐◌Ᵽ⁸⇔כ ─ ─

│ ≢№∫√ 2.3⁸2.4⁹ 
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2.3 ─3D⸗♦ꜟ⁹(a) 2007⁸(b) 2018⁸(c) 2019⁹ 
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2.4 GCP─ ™ ⁹(a) 2007⁸(b) 2018⁸(c) 2019⁹ ™ⱳꜞ◗fi│ ⁸ ™ⱳꜞ

◗fi│Trambau─ ╩ ∆⁹ 
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2-1.3.3 Ground Control Points 

Pl®iades⅛╠ ↕╣√ ○ꜟ♁ ≤DEM╩ ™≡⁸ ♃כ♦

2-1.3.4 ─√╘─ Ground Control Point; GCP╩ ⇔√⁹ ⇔√Pl®iades

│201712 1 ⌐ ↕╣⁸○ꜟ♁ ≤DEM─ │∕╣∙╣0.5 m≤2.0 m≢

№╢ Berthier et al., 2014⁹╕∏ ╘⌐2016⌐ ─ ≢ ⇔√DGPS─ ╩♃כ♦

™≡⁸Pl®iades╟╡ ↕╣√ DEM Pl®iades-DEM─ ╩ ⇔√⁹2016

─ ≢ ⇔√DGPS ╩Universal Transverse MercatorUTM ⁸zone 45 north⁸

WGS84⌐ ⇔⁸∕─ ⌐ ─ ╩ArcGIS≢ Inverse Distance 

Weighted; IDW╩ ™≡ ⇔⁸Pl®iades-DEM≤ ∂◓ꜞ♇♪◘▬☼─GPS ─DEM

GPS-DEM╩ ⇔√⁹∕─ ⁸GPS ⅜ │♃כ♦─♪♇ꜞ◓™⌂⇔ ⅛╠ ⇔√

Tshering and Fujita, 2016⁹ 

Berthier et al., (2014) │⁸Pl®iades─DEM╩ ⌐∏╠∆↓≤≢⁸DEM─ ╩

↕∑╢↓≤⅜≢⅝╢≤ ⇔≡™╢⁹⇔√⅜∫≡Pl®iades-DEM╩0.5m Pl®iades○ꜟ♁

─1 ─◘▬☼ ≢ ⌐ ⌐ ↕∑⁸GPS-DEM⌐ ∆╢ ╩ ⇔⁸

∕─ ─ ╩ ∆╢↓≤≢○ꜟ♁ ─ ⌂ ╩ ⇔√ Berthier et al., 2007⁹

∕─ ⌐ 30Á╟╡ ⌂ ╩ ╗◓ꜞ♇♪─ │ ⌐ ⇔⌂⅛∫√ Fujita et al., 

2008; Nuimura et al., 2012⁹ ─ │⁸Pl®iades -DEM╩ ⌐+3.5 m⁸ ⌐

ī3.0 m ↕∑√ ≢ 0.97 m≢№∫√ ◓ꜞ♇♪☿ꜟ ; N=17,047⁹

0.88 m│⁸Pl®iades-DEM─ ⌐ ⇔√⁹ ⌐╟╢ ─♃כ♦ ─
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√╘─GCP│Pl®iades-DEM╩ ⇔√ ─Ɽfi◒꜡ⱴ♥▫♇◒○ꜟ♁ ╩ ™≡ ⇔√⁹

↓╣╠─GCP│ ⇔√ ╛ ─ ⅜⌂™ ⌐ ∆╢ ╛ ─

╣ ⅛╠ ⇔√⁹ 

 

2-1.3.4 Structure from Motion╩ ™√  

⅛╠○ꜟ♁ ≤DEM╩ ∆╢√╘⌐⁸Structure from MotionSfM ╩ ⇔

♃כ♦⁹√ ⌐│Agisoft Metashape Professional Edition 1.5.1Agisoft LLC╩ ⇔⁸Lucieer et al. 

(2014)⁸Wigmore and Mark (2017)⁸Agisoft Metashape Professional User manual (2020) ⌐ ↕╣≡™

╢ ꞉כ◒ⱨ꜡כ╩ ⌐⇔⁸ ─ ≢ ╩ ∫√⁹ 

1 ─ Add photo╩♁ⱨ♩►▼▪ ─꞉כ◒☻Ɑכ☻⌐ ╡ ╗⁹ 

2 ─▪ꜝ▬fiⱷfi♩ Align photo─ ⅛╠ ╩ ⇔⁸  ─

─ ╩ ∆╢↓≤≢∕╣╠⅜ ↕╣√◌ⱷꜝ ≤ ╩  ∆╢⁹ ⅛╠

↕╣√ │3 ⌐ ⱳ▬fi♩◒ꜝ►♪ ≤⇔≡ ↕╣╢⁹ 

3 GCP ─ Set GCPs─ ⌐ ╩♃כ♦ ⅎ╢↓≤≢◌ⱷꜝ ≤

─ ⅜ ↕╣╢⁹ 

4 ◌ⱷꜝ ─ Optimize cameraⅎ╠╣√GCP ─ ╩╙≤⌐◌ⱷꜝ ≤

╩ ┘ ∆╢⁹ 

5 Gradual selection3 ⌐ ↕╣√ ─ ⅛╠ ─ ⅝⌂╙

─╩ ⌐ ∆╢↓≤≢ ↕╣╢ ─ ╩ ╠∆⁹ 
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 4≤5─ ╩ ⌐ ╡ ∆⁹ 

6 ◒ꜝ►♪ Build dens cloud2~5─ ≢ ↕╣√◌ⱷꜝ ╩╙≤⌐ⱳ▬fi♩◒ꜝ

►♪╩ ⇔⁸ ⌂ ╩ ∆╢⁹ 

7 ⱷ♇◦ꜙ─ Build mesh◒ꜝ►♪╩ ≤⇔√TIN⸗♦ꜟ Triangulated Irregular 

Network model╩ ∆╢⁹↓─ ⌐ ↕╣√3D⸗♦ꜟ⅜DEM─♁⁹╢⌂≥♃כ♦☻ כ 

8 ─כꜗ♅☻◒♥ Build textureⱷ♇◦ꜙ─ ⌐ ╩ ╡ ↑╢⁹↓─ ⌐╟

╡○ꜟ♁ ─ ⅜ ≤⌂╢⁹ 

9DEM/○ꜟ♁ ─ Build DEM/ Ortho-mosaic7≢ ↕╣√ⱷ♇◦ꜙ╩╙≤⌐DEM

╩⁸ 8≢ ♁ꜟ○⌐≥╙╩כꜗ♅☻◒♥√╣↕ ╩ ∆╢⁹ 

10DEM/○ꜟ♁ ─ Export DEM/ Ortho-mosaic9≢ ↕╣√DEM≤○ꜟ♁

╩ ─ ╩ ⇔TIFF≢ ∆╢⁹ 

 

2018─ ─ │ ─ ╕≢ ↄ◌Ᵽ⁸╘√√™≡⅝≢כ╕∏ ╘⌐

2018─ ⌐♩♇☿♃כ♦ ⇔⁸ ⇔√Pl®iades-DEM≤○ꜟ♁ 2-1.3.3

⅛╠78─GCP╩ ⇔⁸2018─○ꜟ♁ ≤DEM SfM-DEM-2018╩ ⇔√⁹∕

⇔≡SfM-DEM-2018╩GPS-DEM⌐ ∆╢ ╩ ⇔√⁹↕╠⌐⁸SfM-DEM-2018≤

2018─○ꜟ♁ ⅛╠ ─GCP♃▬ⱳ▬fi♩ ╩ ⇔⁸↓╣╠─GCP╩ ─

⌐♩♇☿♃כ♦ ⇔√⁹SfM♦כ♃ ─꞉כ◒ⱨ꜡כ╩ 2.5a⌐⁸GCP─ ╩

2.4a-c⌐ ∆⁹GPS-DEM⌐ ∆╢SfM-DEM─ ÑSD│⁸1.21 Ñ 2.32 m2007
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⁸ī1.58 Ñ 1.82 m2018⁸4.64 Ñ 2.35 m2019⁸ 2. 2⁸ 2.6 ≢№∫√⁹∕⇔≡⁸↓╣╠

─ ╩ ™≡ SfM-DEM─ ╩ ⇔√⁹2019⌐ ⇔√UAV ⌐╟

╢ │ ≢№∫√√╘⁸ ⌐ ⇔√ ─ ╩ ∆╢↓≤│≢⅝⌂⅛∫

√⁹∕↓≢⁸ ⌂GCP 2.3 ≤Agisoft Metashape≢ ⇔√GCP

2.4 ╩ ∆╢↓≤≢ ─ ╩ ∫√⁹ 

 

2.5 (a) Structure from Motion♦כ♃ ꞉כ◒ⱨ꜡כ⅛╠─ ⁹(b) ─ ─ ≤ ─

⁹ 

 

2.2 SfM-DEMs─ ⁹ 

SfM-DEM minus GPS-DEM 

Year Mean [m] SD [m] Pixel count 

2007 2.43 2.18 8,693 

2018 ï1.58 1.82 26,142 

2019 4.64 2.35 8,790 
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2.6 SfM-DEM─ ⁹(a) SfM-DEM2007⁸2018⁸2019≤GPS-DEM─ ─ └→

⁸(b) ◌כⱠꜟ ⁹ⱤⱠꜟ(a)⌐⅔™≡⁸└→│ ⁸ ─ │ ─ ⁸ ⅜

⁸ │ ─ ─ ╩ ∆⁹ 

 

2.3 2018─SfM-DEM⌐ ∆╢ ─ ⁹ GCP 2018─SfM-DEM⅛╠

≤ ↕╣√SfM-DEM GCP 2007≤2019≤─ ⁹ 

GCP vertical error [m] 

Year MEAN SD MEDIAN RMSE 

2007 2.99 4.23 2.03 5.18 

2018 ï ï ï ï 

2019 0.73 1.21 0.65 1.42 
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2.4 Agisoft Metashape─ ⌐⅔™≡ ↕╣√GCPs ⁹ 

Estimated GCP errors from SfM 

Year X error [m] Y error [m] Z error [m] Total [m] Total [pixels] 

2007 2.01 2.20 2.34 3.79 1.12 

2018 0.43 0.64 0.61 0.98 2.50 

2019 0.38 0.51 0.26 0.69 3.48 

      

 

2-1.3.5 ─  

─ ≤ ╩ ╠⅛⌐∆╢√╘⌐⁸♦Ⱪꜞ⌐ ╦╣√ ≢ ─ ╩

∫√⁹○ꜟ♁ ≤SfM-DEM─ ♃כ♦ ⁸ ⁸ ╩ArcGIS≢ ⇔⁸

─ ꜞ♇☺ ≤ ⌐∕╣∙╣₈ꜞ♇☺ꜝ▬fi₉≤₈ ⱳꜞ◗fi₉╩ ≢

⇔√ ↓╣╠╩₈ ▬fiⱬfi♩ꜞ₉≤ ∆╢; 2.7⁹↓─ ▬fiⱬfi♩ꜞ⅛╠⁸ꜞ

♇☺─ ↕⁸ ─ ↕⁸ ─ ⁸ ─ ⁸ ─ ; 2.7e⁸

─ ⱳꜞ◗fi⌐ ╕╣╢◓ꜞ♇♪─ⱬ◒♩ꜟ ≤™∫√ ─ ╩

⇔√⁹╕√⁸♦Ⱪꜞ ─ ╙ ∑≡ ⇔⁸ArcGIS≢ ≤ ▬fiⱬfi♩ꜞ─ ╩ ∆

╢↓≤⌐╟╡⁸ ≤ ─ ╩ ⇔√⁹ 

─ ⌐ ⇔≡⁸ ─ ≤ ⅜ ⇔≡ ╦╣╢╟℮⌐⁸1 ─ⱷ▬fi○Ɑ꜠כ♃כ

─ ⅜∆═≡─ ╩ ⇔√⁹∕↓≢⁸ ⌂Ᵽ▬▪☻⌐ ∆╢ ⱴ♇Ⱨfi 
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2.7 ─ ⌐ ™√ ⁹(a) SfM○ꜟ♁ ⁸(b) ⁸(c) ⁸(d) ∆

═≡0.2 m ⁹(e)│2018─ ⌐ ↕╣√ ⁹ 

 

◓─ ⅛↕╩ ∆╢√╘⌐⁸ ─ ╩ ⇔√⁹ ╩ ╗5 ─ ⅜⁸ ⅝↕

╛ ─ ⌂╢ ─20─ ╩ ┘⁸ꜞ ♇☺ꜝ▬fi≤ ⱳꜞ◗fi╩ ⇔√⁹∕⇔≡⁸↓╣╠

20─ ⌐≈™≡⁸ꜞ ♇☺ꜝ▬fi─ ↕≤ ─ ╩ ⇔√⁹ ─ │
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─ ⌐ ↄ ↕╣╢⅜⁸↓╣│∆⌂╦∟ ↕╣√DEM─◒○ꜞ♥▫⌐ ∆╢⁹∕↓

≢⁸∆═≡─ ⌐≈™≡⁸ Ñ1Á─ ⌐ ∆╢ ─ ⌐╟∫≡ ∆╢

─ ╩ ⇔√⁹ 

─ ⌐ ⇔≡⁸ ─ ╩ ∆ ≤⇔≡₈ m2 m-2₉╩ ⇔√⁹↓

╣│ ⇔√ ─ 2.1b ⌐ ╕╣╢ ─ ╩∕─ ─

≢ ⇔√╙─≢№╢⁹╕√Rolwaling⌐ ∆╢Khumbu⌐⅔↑╢ ─

Watson et al., 2017a≤─ ─√╘⁸ 1.0 m2 №√╡⌐ ╕╣╢ ─ꜞ♇☺─

↕⌐╟∫≡ ↕╣╢₈ ↕ m m-2₉╩ ⇔√⁹ 

∕⇔≡⁸ ─ ╩ ═╢√╘⁸ ⌐⅔™≡ ─ ≢ ↕╣╢ ─

circular variance; Fisher, 1995╩ ⇔√⁹ 

 

ὠ ρ Ὑ ςȢρ 

  

↓↓≢⁸V│ ⁸Ὑ│ ─ ─ ⱬ◒♩ꜟ mean resultant length≢№╡0ï

1─ ≢ ↕╣╢⁹╕√↓─Ὑ│ ─╟℮⌐ ↕╣╢⁹ 

⅞ 

Ὑ
ρ

ὔ
ÃÏÓ—

ρ

ὔ
ÓÉÎ—

Ⱦ

ςȢς 
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↓↓≢⁸N│ ≤⌂╢ ─ ⁸—│ ₁─ ─ ≢№╢⁹ ⅜ ↕™╒≥ ≤∆

╢ ⅜ ⌂ ╩ ™≡™╢↓≤╩ ⇔⁸ ⌐ ⅜ ⅝™ │ ≤∆╢

⅜ ⌂╢ ₁⌂ ╩ ™≡™╢↓≤╩ ∆╢⁹ 

 

2-1.3.6 ─ ─  

2018≤2019─ ▬fiⱬfi♩ꜞ╩ ∆╢↓≤≢⁸ ─♄▬♫Ⱶ◒☻⁸∆⌂╦∟ ─

⁸ ⁸ ╩ ⇔√⁹ 2.5b│ ⌐⅔↑╢ ─ ╩ ⇔≡⅔╡⁸ │₈

survived-18╕√│survived-19₉⁸₈ √⌐ new₉⁸₈ disappeared₉─™∏╣⅛⌐

↕╣√⁹ ⇔√ survived-2018≤survived-2019│⁸ ─▬fiⱬfi♩ꜞ≢ ↕╣≡

↕╣≡™╢╙─≢№╡⁸ ⇔™ new≤│⁸2018─▬fiⱬfi♩ꜞ≢ ≢⅝⌂⅛∫√⅜2019

─▬fiⱬfi♩ꜞ⌐≡ √⌐ ↕╣√╙─≢№╢⁹∕⇔≡ ⇔√ ≤│⁸2018─▬fiⱬfi

♩ꜞ≢ ≢⅝√⅜⁸ ─2019─▬fiⱬfi♩ꜞ≢│ ⅜ ≢⅝⌂⅛∫√╙─≢№╢⁹

⇔√ ─ ⌐│⁸1 ⌐ ╕√│ ⇔√╙─⅜№╡⁸∕─ 2018≤2019─ ⇔

√ ─ ⌐ ─ ⅜ ∂≡™╢⁹∕⇔≡ ≢│ ⌐ ≢⅝⌂⅛∫√ ╡─ ╩₈

non-classified₉─ ≤ ⇔√⁹ 

 

ה 2-1.3.7 ה  

╡╟♃כ♦ ⇔√SfM-DEM⅛╠⁸ ─10 2007-2018⅔╟┘

2018-2019─ ╩ ⇔√⁹GAMDAM ▬fiⱬfi♩ꜞ Nuimura et al., 2015; 
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Sakai, 2019─ ╩⁸○ꜟ♁ ⅛╠ ⇔√ ─ ♩ⱦfi◓ⱨ꜡fiכ◌≥ ≤

∆╢ ╩ ™≡ ⇔⁸ ─ ⌐ ⇔√⁹SfM-DEM│∆═≡ⱳ☻

♩⸗fi☻כfi 10 ⌐ ↕╣√√╘⁸ ⌂ ─Ᵽ▬▪☻│ ⇔⌂™≤ ⅎ♦כ

♃ ⌐ ∆╢ │ ↕⌂⅛∫√⁹Tsho Rolpa│ ⌐ ⇔√√╘⁸ ─ ╩

SfM-DEM⅛╠ ⇔√ ─ ╩ ⇔≡ ╘⁸ ╟╡ ─ ─╖╩ ∆

╢ ╩ ™√ Fujita et al., 2013⁹ 

│manual feature trackingImmerzeel et al., 2014; Kraaijenbrink et al., 2016a╩ ™≡

⇔√⁹↓╣│2 ─♦Ⱪꜞ ─ ╩ ≢ ⇔⁸∕─ ╩ ─

≤⇔≡ ∆╢ ≢№╢⁹ ≢│2018≤2019─○ꜟ♁ ≢ ↕╣√ ─

≤∕─ ╩ ⇔√⁹ ⌂ ─ ╛ ⌂≥ ─ ╩ ∆╢√╘⁸

20Á ─ │ ⅛╠ ⇔√⁹ ─ │394⌐≡ ⇔⁸ ─

│◒ꜞ◑fi◓ ╩ ⇔≡ ╘√ Immerzeel et al., 2014; Kraaijenbrink et al., 2016a⁹ 

⌐╟╢≤ ─ supraglacial water channel╛ ─ englacial conduit

⅜ ─ ⌐ ╩ ⅎ╢ ⅜№╢↓≤⅜ ↕╣≡™╢ Sakai et al., 2002; Mºlg et al., 2020⁹

∕↓≢SfM-DEM-2019╩ArcGIS─ ≢ꜟכ♠ ⇔⁸ ⌂ ─ possible 

water flow line╩D8 flow▪ꜟ◗ꜞ☼ⱶ O'Callaghan and Mark, 1984╩ ⇔≡ ⇔√⁹↓─▪

ꜟ◗ꜞ☼ⱶ│ ─Ⱨ◒☿ꜟ╩ ╗8≈─Ⱨ◒☿ꜟ─ ⅛╠ ╩ ⇔⁸ ─

╩ ∆╢╙─≢№╢⁹↓─ ⌐ ⅛╠ ∆╢ⱡ▬☼╩ ↑╢√╘⌐DEM─ │0.2 m

⅛╠3.0 m⌐ꜞ◘fiⱪꜞfi◓⇔≡ ╩ ∫√⁹╕√⁸2019─ ⌐⅔™≡ ╩
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⁸ⱴꜟ♅◖ⱪ♃כUAV Phantom4DJI⅛╠ ⇔√ ╘ ⁸ UAV⅛╠─

╩ ™≡⁸ ─ ╛ conduit intake/outlet─ ╩ ⇔⁸ ⌐ ⅜╢

─Ⱡ♇♩꞉כ◒╩ ⇔√⁹ 

─♦Ⱪꜞ ─ │ ⌐ ╩ ⅎ╢ ⅜ ↕╣╢⅜⁸∕─ ↕ │

≢─ ⌐ ⌐ ∆╢↓≤│ ≢№╢⁹∕↓≢⁸♦Ⱪꜞ─ ↕╩♦Ⱪꜞ─

≢ ⇔√ ≢№╢ thermal resistance; Nakawo and Young, 1982─ ╩ ⌂

♦Ⱪꜞ ─ ≤⇔≡ ⇔√⁹ ≢│Fujita and Sakai (2014) ⌐≡⁸200410⅛╠2008

2 ⌐ ↕╣√9 ─ASTER╩ ™≡ ↕╣√Trakarding─ ─

╩ ⇔√⁹ 

 

2-1.4  

2-1.4.1 ≤  

⇔√3 ─SfM-DEM⅛╠ dh/dt╩ ⇔√ 2.8a⁸b⁸2.9a⁸2.10a⁸

b⁹∕─ ⁸ / ─ │ī1.7 m aī1 2007ï2018⁸ī4.7 m aī1 2018-2019

≤ ↕╣√⁹ 2007ï2018⌐⅔™≡│⁸ DïF ≢ ⌐

⅝⌂ >2.0 m ī1 ⅜ ↕╣√ 2.9a⁹╕√2018ï2019─ ╩ ≤⇔√

⌐⅔™≡│⁸ ╙ ⅝⌂ ⅜ ─ F ī7.6 m aī1 ≢ ⇔⁸

♩ⱦfi◓ⱨ꜡fiכ◌≢™ A⁸ ī6.0 m aī1; 2.9a ⌐≡ ⅝⌂ ⇔≡™╢

↓≤⅜╦⅛∫√⁹ 
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2.8 (a) 2007-2018⁸(b) 2018-2019─ dh/dt─ ⁹(c) 2018-2019─

⁹(d) 201810≤(e) 201910─ ꜞ♇☺ ╩ ≤ ─ ─ⱳꜞ◗fi ⁹

─ │(a)⌐ ⇔√⁹(a)≤(b)⌐│⁸◌כⱦfi◓ ─ ╩ ⇔√⁹(c)─ כ♥☻│

◒ ≢ ⇔√ ⁹ 

 

⌐ ⇔≡⁸2018ï2019─ │6.7 m aī1≢№╡ 2.8c⁸ I─

≢ 30.2 m aī1─ ⅜ ↕╣√⁹ ─ ─ ≤⇔≡│⁸

⅛╠ ⌐╗⅛∫≡─ ─ ⅜ ↕╣⁸ C; 2.9b≢│

─ ⅜ ╠╣√⅜⁸ A ≢│ ⅜ ┘ ∆╢↓≤⅜ ↕╣√⁹ 
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2.9 (a) (dh/dt)⁸(b) ™─ ◒כ♥☻⁸ ⌐≡

↕╣√ ⁸ Fujita and Sakai, 2014⁸ ─ ⁸(c) ⁸ ─ ⁸(d) 

─ ≤ √⌐ ↕╣√ ─ ⁹ ─ A-I │⁸ ⅛╠ ⌐⅛↑≡500 m

≢ ⁹x ─ ⅛╠─ │201810─ 0.0 km╩ ≤⇔≡™╢⁹(b)─ │2019

─ ╩ ∆⁹(a)─ │ ─ ⅛↕ ⇔√SfM-DEMsⱭ▪─ ─

; 2.2 ╩ ⇔≡™╢⁹ 
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2.10 (a) 2007-2018⁸(b) 2018-2019─ dh/dt─ⱥ☻♩◓ꜝⱶ⁹ 

 

2-1.4.2 ─  

5 ─○Ɑ꜠כ♃כ ≤ ⅜ ⇔√ ─ꜞ♇☺ ⅔╟┘ ─

≤ ╩ ⇔⁸∕─ ꜞ♇☺ 6.0 m⁸ ─ 24 m2 ╩ ─

≤⇔√ 2.11⁹ ╩ ∫√ ⌐ ∆╢ ─ │⁸ ─◄♇☺ ⌐
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⅔™≡Ñ12.5% 2018⁸Ñ11.4% 2019⁸ ─ ⌐⅔™≡Ñ8.3% 2018⁸Ñ6.9%

2019≤ ↕╣√⁹ ─ ─ ⌐ ∆╢ ─ │

Ñ8.1% 2018⁸Ñ6.7% 2019≢№∫√⁹╕√ ╩Ñ1Á ↕∑√ ≢╙⁸

─ │Ñ2%╩ ⅎ⌂™⁹ 

 

2.11 (a) ─◄♇☺ ⁸(b) ─ ─ ⌐⅔↑╢ ⱴ♬ꜙ▪ꜟ ─

⁹ 

 

2-1.4.3 ─  

2018≤2019─○ꜟ♁ ⅛╠∕╣∙╣481≤505─ ╩ ⇔√ 2.8d⁸e⁹

─ │⁸2018⅜138Ĭ103 m2 ─4.7%⁸2019⅜176Ĭ103 m2 ─

6.1%≢№∫√⁹ ─ ─ ↕ │⁸2018 ≤2019≢∕╣∙╣7.9Ĭ10ī3≤9.1Ĭ10ī3 

m mī2≢№∫√⁹ ─ │335Á2018⁸325Á2019≢№╡⁸ ⅝─ ─

⅜ ≢№╢↓≤⅜ ⌐ ↕╣√ 2.12a⁹ 
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2.12 (a) ─ m2 ─ ⁸(b) ─ꜞ♇☺ ≤ ─ ⁹(b) ─ │⁸ ─

ꜞ♇☺ ≤ ╩ ⌐⇔√ ⁹ 

 

2.5 ─ ⁹  (Max.)⁸  (Min.)⁸ (Med.)╩ ⁹ 

 Edge length (m)  Inclined area (m2)  Height (m)  Slope (Á)  

 Min. Med. Max.  Min. Med. Max.  Min. Med. Max.  Min. Med. Max.  

2018 4 33 334  1 167 8399  1 9 53  10 42 62  

2019 5 32 438  7 159 11706  1 10 71  21 43 60  

 

╕√⁸SfM-DEM╩ ™≡ ─ ╩ ⇔√ 2.13⁸ 2.5⁹∕─ ⁸ ─ꜞ

♇☺ ≤ ─ ⌐ ™ ─ r=0.87, p<0.001⅜ ↕╣⁸ ⌐╟╡↓╣╠─

─ ╩ ⇔√ R2=0.85, p<0.001; 2.12b⁹∆⌂╦∟↓─ ─№≡│╘⌐╟

╡⁸ ─ ─ ↕⅛╠ ─ ╩ ∆╢↓≤⅜≢⅝╢↓≤╩ ∆╢⁹ 
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≤ ∑≡ ⇔√ ─ ─ │⁸2018│113Ĭ102 m2 ─0.4%⁸2019│

130Ĭ102 m2 ─0.5% ≢№∫√⁹2018⅔╟┘2019─ ─ ─ 83%⅔╟┘ 74%

⅜ ⌐ ⇔≡™√⁹ ⌐⁸ ─15% 2018⁸8% 2019│ ⌐ ⇔

≡™√⁹ 

 

2.13 ─ ⌐ ∆╢ ╖ →ⱥ☻♩◓ꜝⱶ⁹(A) ꜞ♇☺─ ↕⁸(B) ⁸(C) ↕⁸

(D) ⁹ ⅜2018⁸○꜠fi☺ ─ ╩♃כ♦─2019⅜ ⇔≡™╢⁹ 

 

2-1.4.4 ─  

≤ ─ ╩9≈─ ≢ ⇔√≤↓╤⁸ ≤╙ E ⌐⅔™≡

⁸ ≤╙⌐ ╙ ™ ╩ ∆↓≤⅜ ↕╣√ 2.9c⁹ 2007ï2018
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≤ ─ │ ⌂ ─ r =0.80, p < 0.05╩ ⇔√⅜⁸ ─ 2018ï

2019≤ ─ ⌐│ ⌂ ⅜ ╠╣⌂⅛∫√⁹ │ ─ ⁸

─ ≢ ∆╢ ⅜ ╠╣√ 2.9c⁹╕√⁸ E

≤ H⁸I≢│⁸ ™ ⅜ ↕╣√⁹ H⁸I≢│ ™

≤│ ⌐ ⅜ ™↓≤⅛╠⁸↓─ ⌐│ ⌐ ↕™ ⅜ ™≤™℮↓

≤⅜ ↕╣╢ 2.9c⁹ 

╕√⁸ ─ ⌐ ⇔≡│ DïF >0.6≢ ↄ⁸ ≤

A⁸H⁸I≢│ ↄ⌂∫≡™╢ 2.9d⁹ ─ ╩ ╢≤ ≢ ⅝ ≤

⅝ ─ ⅜ ⇔≡™╢⅜⁸ ╩╙≤⌐ ⇔√ │ ⌐╟∫≡ ⌂╢ 2.12⁹

⅝─ ≤ ⅝ │⁸ ╛ ─ ╟╡╙ ─ DïF ≢

™ 30% ╩ ∫≡⅔╡ 2.14⁸↓╣│ ─ ≢─ ⅜ ⅝™

≤™℮ ⌐┌╠≈⅝⅜ ⅝™↓≤ ─ ≤⌂∫≡™╢ 2.9d⁹ 

 

2-1.4.5 ─ ≤ ה ─  

╩ ≢ ⇔√ ⁸2018⅛╠2019⌐⅛↑≡ ─45%⁸∕─ ─

14%⅜ ⇔√↓≤⅜╦⅛∫√ 2.6⁹╕√⁸ ─ ╩ ─ ↔≤⌐╕≤╘√─⅜ 2.15 
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2.14 2018⁸2019 ─ AïI⌐⅔↑╢ ─ ╩ ⌐ ⁹ 
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2.6 ♃▬ⱪ ⁸ -2018⁸ -2019⁸ √⌐ ⁸ ─ ⅔╟┘ ⁹ │

Ɽכ☿fi♥כ☺╩ ∆⁹ 

2018 ice cliff  2019 ice cliff 

 Count Incl. area (m2)   Count Incl. area (m2) 

disappeared 216 [45] 307 Ĭ 102 [14]  new 235 [47] 426 Ĭ 102 [13] 

survived-18 239 [50] 184 Ĭ 103 [81]  survived-19 220 [44] 262 Ĭ 103 [80] 

non-class 26 [5] 111Ĭ 102 [5]  non-class 50 [9] 229 Ĭ 102 [7] 

Total 481 226 Ĭ 103  Total 505 327 Ĭ 103 

 

≢№╢⁹ñ -2018ò≤ñ -2019ò♃▬ⱪ─ ─╒≤╪≥│ ⅝≢ ~80%; 2.15b⁸c⁸

⇔√ ≤ √⌐ ↕╣√ │ ⇔√ ~20%; 2.15╟╡╙ ↄ─ ⅝─

~35% ≢ ↕╣≡™√⁹╕√⁸ ─ ↔≤─ │⁸ ה √⌐ ↕╣√♃▬

ⱪ─ ╟╡╙ ⇔√♃▬ⱪ─ ⅜╟╡╙ ⅝ↄ⌂╡⁸↓╣│ ─ ⌐ ╠╣√ ≤

⌂╙─≢№╢ 2.15⁹ 

╕√⁸↓╣╠─ ⌂╢♃▬ⱪ─ ⌐ ⇔≡ ╩ ⇔√≤↓╤⁸ ≤ │ 4

♃▬ⱪ─ ─ ≢ ⌂ ╩ ⇔√ 2.7⁹ -2018♃▬ⱪ─ ─ │ ⇔

√ ─ ╟╡╙ ⌐ ⅝ↄ p < 0.001⁸ -2019♃▬ⱪ─ │ ⇔™ ╟╡╙ ⅝

⌂ ╩ ⇔≡™√ p < 0.001⁹↕╠⌐⁸ ⇔√ │ -2018─ ╟╡╙ ⅜ ╛

⅛≢№╡ p < 0.05⁸ -2019─ │ √⌐ ↕╣√ ╟╡╙ ⌐ ⅜ ≢№∫√ p < 

0.001⁹ -2018≤ -2019─ ─ ╩ ∆╢≤⁸ ⇔√2018─ │ ─
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─ ≤≤╙⌐ ⌐◘▬☼⅜ ⅝ↄ⌂╡ p 0.05⁸ ╙ ⌐⌂∫√ p 0.001; 2.7⁹ ⅝

∫√ ─ ╩ ⇔√≤↓╤⁸2018⅛╠2019⌐⅛↑≡ ⅝─ ⅜ ⇔√

↓≤⅜╦⅛∫√ ⅜170%⌐ ; 2.7⁹ 

 

2.15 ♃▬ⱪ─ ─ ╩ ⇔√ⱥ☻♩◓ꜝⱶ⁹(A) ⁸(B) -2018⁸(C) -2019⁸(D) √⌐

⁹CV│ ♃▬ⱪ─ ─ ⁹ ◓ꜝⱨ│⁸ ♃▬ⱪ─ ╩ ⌐ ╩ ⇔

≡™╢⁹ 
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2.7 ♃▬ⱪ⌐⅔↑╢ ⁹ 

 Disappeared Survived-18 Survived-19 New 

Inclined area (m2) 142 771 1117 194 

Slope angle (Á) 40 42 44 42 

     

∕⇔≡⁸ √⌐ ↕╣√ ╩ ⌐ⱪ꜡♇♩⇔⁸ ⌐⅔↑╢ ⇔™ ─ ╩ ⇔

√ 2.9d⁸2.16a⁹∕─ ⁸ E⁸F⁸ A⁸ H⁸I

⌐╦√∫≡⁸╟╡ ↄ─ ⇔™ ⅜ ↕╣≡™╢↓≤⅜╦⅛∫√⁹ 

↕╣√ ─ ╡ / ≤ ─ ⌐ ∆╢ ─ ╩ 2.16⌐ ⇔√⁹

2019─ ╘ ⁸ ⅛╠│9≈─ ⇔√ ─ ╡ ╕√│ ⅜ ↕╣√⁹ 

╕√⁸ ─ │ A-C ≢│ ⅜ ↄ ♦Ⱪꜞ ⅜ ⌐

ↄ ⁸ D-I; 2.8b ≢│ ⅜ ™ ♦Ⱪꜞ ⅜ ⌐ ™ ↓≤

⅜ ↕╣√⁹ 
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2.16 (a) 2019⌐ ⇔ↄ≢⅝√ ⁸ ─ ╡ ≤ ⁸ ─ ⅜ ∆╢ ⅜№╢

⁹(b)⁸(c) ─ ╡ ╕√│ ─ ⁹ⱤⱠꜟ(a)─ │ ╩ ⇔√ ╩ ⇔⁸(b)⁸

(c)─ ⌐ ∫≡™╢ ⅜⌂™ ─ ╡ │(a)⌐≡ ≢ ╕╣≡™╢⁹(b)│ ⅛╠ ⇔√

⁸(c)│UAVPhantom 4─ ╘ ≢ ⇔√╙─⁹ 
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2-1.5  

2-1.5.1 ─ ≤  

Trakarding─ │♦Ⱪꜞ ─4.7% 2018⁸6.1% 2019╩ ╘⁸

↕ │ 7.9Ĭ10ī3 m mī2 2018≤9.1Ĭ10ī3 m mī2 2018≢№∫√⁹ 

↓╣╠─ ╩ ⌐⅔↑╢ ≤ ∆╢≤⁸ ⌐⅔™≡ ╘╠╣√ │⁸

Langtang─ ₁─ ≢ ╠╣√0.2ï3.9%╟╡╙ ⅝ↄ 3.9%│20155 ─

Langtang Glacier⌐≡ ; Steiner et al., 2019⁸Trakarding─ ↕ │20095 ─Lhotse 

Shar Glacier≢─ ↕╣√ 7.4Ĭ10-3 m-1 Khumbu14 ─ ⁸Watson et 

al, 2017a╟╡╙ ™ ╩ ⇔√⁹ ⌐⅔↑╢ │ ≢ ↕╣√ ♩כ⸗ꜞ

☿fi◦fi◓♦כ♃ 0.2 m ╟╡╙ ™ ≢ ╦╣√↓≤⌐ ∆╢ ⅜№

╢╙──⁸Trakarding│ⱠⱤהꜟכⱥⱴꜝꜘ─ ─ ╟╡╙ ™ ─ ╩ ⇔

≡™╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

╕√⁸ Thompson et al., 2016; Watson et al., 2017a; Steiner et al., 2019⌐⅔™≡ ↕╣≡

™╢⁸ ⌐ ∆╢ ─ ⌂ 2018│ ─ ─83%⁸2019│74% ╩ ⇔⁸

⌐⅔↑╢ ≢│Watson et al. (2017a) ⅜Khumbu╩ ≤⇔≡ ⇔√ ─

─77%⅜ ≤ ≤ ─ ╩ √⁹ ⌐╟╢≤⁸↓─ ≤ ─ ⅜

─ ⌂ thermal under cutting╩ ↕∑⁸ ─ ╛ ╩↕╠⌐ ↕∑╢↓≤⅜

↕╣≡™╢ Miles et al., 2016; Kraaijenbrink et al., 2016b; Watson et al., 2017b⁹ ≢│

─ ≤ ─ ─ ╩ ≢ ™⁸∕─ ╩ ⇔√⁹⇔⅛⇔⁸Steiner et al. 
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(2019) │⁸ ≤ ─ ⌐│ ⅜ ∆╢ ╩ ⇔≡™╢⁹⇔√⅜∫≡⁸

│ ─ ╩ →╢↓≤≢⁸ ≤ ─ ⌐ ⇔≡↕╠⌂╢

╩ ╘╢ ⅜№╢⁹ 

─ ⌂ ╩ ⇔√ ⁸ ─ꜞ♇☺─ ↕≤ ─ ⌐│ ™ ⅜№╢↓≤

⅜╦⅛∫√ 2.12b⁹↓╣╕≢─ ≢│⁸ ─ ╛DEM⅛╠ ─ꜞ♇☺

─ ⅜ ╖╠╣≡™╢ Thompson et al., 2016; Watson et al., 2017a⁹⇔⅛⇔⁸Steiner et al. (2019) │⁸

ⱷכ◔☻ꜟ♩כꜟ─ ╩ ≈ DEM⅛╠ ⌂ ─ ╩ ∆╢↓≤─ ⇔↕⌐

⇔≡™╢ ™ ─DEM≢│ ─ ╩ ≢⅝⌂™ ⁹ ─╟℮⌐

≤SfM ╩ ╖ ╦∑╢↓≤≢⁸ ─DEM╩ ⇔⁸ ─ ╩ ⌐

∆╢↓≤⅜ ≢№╢⁹⇔⅛⇔∕─ ⁸UAV⌐╟╢ ─♃כ♦◓fi◦fi☿♩כ⸗ꜞ│⌐

≤◖☻♩─ ⅜№╢↓≤⌐ ∆╢ ⅜№╢⁹⇔√⅜∫≡⁸UAV⌐╟╡ ↕╣√DEM

⅜ ≢⅝⌂™ ⁸ ⅛╠ ≢⅝╢ ─◄♇☺ ⅛╠ ╩╟╡ ⌐

≢⅝╢↓≤⅜ ⌐╟╡ ↕╣√⁹ 

─ ─ ╩ ═√≤↓╤⁸40Áï45Á─ ⌐ ⅜№╢↓≤⅜ ↕╣√

─32%; 2.13⁹Kraaijenbrink et al. (2016b) │⁸UAV ─DEM╩ ™≡Langtang─

─ ─ ╩ ⇔⁸ │45Á≢№╡⁸ ⇔√ ─50%⅜ 35Á-42Á─ ⌐

⇔≡™√↓≤ ⇔≡™╢⁹╕√⁸Buri and Pellicciotti (2018) │⁸ ∂ↄUAV ─DEM╩ ™

≡⁸Lirung─ ─ ⅜ 40Á≢№╢↓≤╩ ⇔√⁹ ⌐⅔™≡╙↓╣╠─

≤≤ ─ ⅜ ╠╣√↓≤⅛╠⁸ⱠⱤהꜟכⱥⱴꜝꜘ≢│ ─ ⅜ 35Áï45Á─ ⌐
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№╢↓≤⅜ ≢№╢↓≤⅜ ↕╣√⁹Sakai et al. (2002) │⁸Lirung⌐≡30Á ─ ─

⅜ ↕╣⌂⅛∫√↓≤⅛╠⁸♦Ⱪꜞ─ debris angle of depose│30Áï35Á≢№╢≤

⇔√⁹ ─ ⌐╟╢≤⁸Sakai et al. (2002) ⌐≡ ↕╣√ ╟╡ ╛⅛⌂ 30Á

─ │⁸ ─3.5%⇔⅛ ╘≡™⌂™↓≤⅜╦⅛∫√⁹↓╣╠─ ⅜ ╛⅛⌂

─ ─ 64 m2 │⁸ ─ 162 m2 ╟╡╙ ↕™↓≤⅜╦⅛∫√⁹

↕╠⌐⁸ ⇔√ │⁸ ⇔√ ╟╡╙ ⅜ ↕ↄ⁸ ╙ ╛⅛≢№∫√ 2.7⁹

↓╣╠─ │⁸ ╛⅛⌂ ─ ─ ↄ⅜♦Ⱪꜞ⌐ ∆╢ ╩ ≡ ⇔≡™╢↓≤╩

⇔≡⅔╡⁸ ─ Sakai et al., 2002⌐≡ ↕╣√ ─ⱷ◌♬☼ⱶ≤╙ ≢№

╢⁹ 

 

2-1.5.2 ─ ≤  

⅔™≡ ⅝─ ⅜ ⅝─ ╟╡╙ ⇔≡™√ 2.12a⁸2.14⁹↓╣╕

≢─ ≢│⁸ⱠⱤהꜟכⱥⱴꜝꜘ≢│ ⅝─ │♦Ⱪꜞ⌐ ╕╡⌐ↄↄ⁸ ∑∏⌐

∆╢ ⅜№╡⁸ ⅝─ │ ⌐ ╩ ↑╢√╘ ⅝─ ≤ ⇔≡ ⇔╛

∆™≤™℮ ⅜ ≡╠╣≡⅝√ Sakai et al., 1998; Buri and Pellicciotti, 2018⁹ 

⅝─ │ ─ ≤ ─ ⅜ ⌂╢√╘⁸ ⅜ ╛⅛⌐⌂╡⁸ ⌐♦Ⱪ

ꜞ⌐ ∆╢ Sakai et al., 1998⁹ ⌐ ⅝─ │ ╠⅜ ⌐ ╩ ╢√╘⁸ ⅝─

─ │ ─ ⅛™⌐№╢ ≢ ╘╠╣√♦Ⱪꜞ⅛╠─ ⌐╟∫≡◖fi♩꜡כꜟ↕

╣≡™╢ Sakai et al., 1998; Steiner et al., 2015⁹∕─√╘⁸ ⅝─ │ ⌂ ╩ ∫√╕╕



46 

 

∆╢≤™℮ ⅜ ⅎ╠╣╢⁹▪☺▪ ⌐⅔↑╢ │⁸ ⌐ⱥⱴꜝꜘ ≢│⸗

fi☻כfi─ ≤ ⌂╢√╘⁸ │ ⌐│ ⌐ ╦╣⁸ ⅛╠─ ⅛╠ ↕╣╢↓≤⅜

™⁹⇔√⅜∫≡⁸ⱥⱴꜝꜘ ─ │ ⅛╠─╟╡ ™ ─ ╩ ↑⁸↓─◄Ⱡꜟ◑כ

ⱨꜝ♇◒☻─ ⌐╟∫≡ ⅝─ ⅜ ⅝ ╡⁸ ⅝─ ⅜ ∆╢≤™℮ ⅜

≡╠╣≡⅝√ Sakai et al, 1998; Buri and Pellicciotti, 2018⁹ 

⅝─ ⅜ ⇔≡™╢↓≤│⁸ ⌐╟∫≡Khumbu╛Langtang

≢╙ ↕╣≡™╢ Thompson et al., 2016; Watson et al., 2017a; Steiner et al., 2019⁹ ₁─ ≢│⁸

↓╣╠─ ≢ ↕╣√╙─≤ ─ ╩ √⁹ 

≢│Trakarding⌐⅔™≡⁸ ⇔√ ─ ⅜ ⇔√ ─ ╟╡╙ ™↓≤╩

⇔√ 2.6⁹ ⁸Steiner et al. (2019) │Langtang≢2014⅛╠2015─ ⌐50%

─ ⅜ ⇔√≤ ⇔≡™╢⁹⇔⅛⇔⁸ √⌐ ↕╣√ ≤ ⇔√ ─ │⁸

2018⁸2019≤╙⌐ ─15% ≢№╢ 2.7⁹↓─ │⁸ ─ ⌐ ∆╢

─ ╩ ∆╢ ⌐⁸ √⌐ ↕╣√ ─ ⅜ ⌂™⁸∆⌂╦∟ ⅝ ∫√ ─

╩ ∆╢↓≤─ ╩ ∆╢╙─≢№╢⁹ 

╕√⁸2018⅛╠2019⌐⅛↑≡ ⇔√ ─ ⅜ ⌐ ⇔⁸ ⅜ ⌐⌂╢

≤™℮ ⅜ ↕╣√ 2.7⁹↓─↓≤│⁸ ⇔√ ⅜╟╡ ⌐ ⇔√ ⌐ ∆╢

⅜№╢↓≤╩ ⇔≡™╢⁹Steiner et al. (2019) │⁸ⱥⱴꜝꜘ ─Langtang⌐⅔™≡⁸

─ 17%│ 10 2006-2015 ⇔ ↑≡™√≤™℮ ╩ ⇔≡™╢⁹⇔√⅜∫

≡⁸Trakarding─ ─ / ╩╟╡╟ↄ ∆╢√╘⌐⁸ │╟╡ ⌐╦√
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∫≡ ₁─ ╙ ∆╢ ⅜№╢∞╤℮⁹ 

⌐⁸4♃▬ⱪ─ -2018⁸ ⁸ -2019⁸ √⌐ ⅜ ⌂╢ ╩ ⇔≡

™√↓≤⌐ ⇔≡ ∆╢⁹ ⇔√ ≤ -2018⌐⅔↑╢ ⅝ ≤ ╩

∆╢≤⁸ ⇔√ │ -2018─ ╟╡╙12% ™ ⅝─ ╩ ⇔≡™╢

2.15a⁸b⁹↓─ ╙ ≢ ⇔√₈ ⅝─ ⅜ ⇔╛∆™₉≤™℮ ⌐⅔

↑╢ ╩ ⇔≡™╢⁹∕⇔≡↓─ │⁸ ─ ─╖⌂╠∏⁸ ⌐₈ ∆╢

₉≤₈ ∆╢ ₉─ ╩ ⌐ ⇔ ⇔√ ╘≡─ ≢№╢⁹ 

╕√⁸ ⇔™ │⁸ ⇔√2019─ ╟╡╙ ™ ⅝─ ≤ ╩ ⇔≡™

╢ 2.15c⁸d⁹∆⌂╦∟↓╣│ √⌐ ↕╣╢ ⅜ ⇔√ ™ ╟╡╙ ™

─ꜝfi♄ⱶ ╩ ⇔≡™╢↓≤╩ ∆╢⁹↓─ │⁸♦Ⱪꜞ ≢ √⌐ ↕╣√

─ ╩ ⇔ ⇔√ ╘≡─ ≢№╢⁹ 

 

2-1.5.3 Trakarding⌐⅔↑╢ ♄▬♫Ⱶ◒☻ 

Trakarding─ H≤I⁸ DïF⁸ A ≢│ √⌐

↕╣√ ⅜ ↄ ⇔≡™╢↓≤⅜ ↕╣√ 2.9d⁸2.16a⁹↓╣╠ ⌐⅔↑╢

√⌂ ─ │⁸ ─♄▬♫Ⱶ◒☻╛ ─ ⌂ ⌐ ⇔≡ ⌂╢ⱷ◌♬☼ⱶ

⌐╟∫≡ ⇔≡™╢ ⅜ ≢⅝╢⁹ 

H≤I│ ™♦Ⱪꜞ ≢ ╦╣≡™╢ 2.9b⁹↓─ │ ─

╩ ∆╢≤ ⅎ╠╣⁸↓╣│ ◒כ♥☻─≢ ≢╙ ↕╣≡™╢ Sunako et al., 
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2019⁹ ™♦Ⱪꜞ ⌐╟∫≡ ⅝ ↓↕╣╢ │⁸♦Ⱪꜞ ─ ⅛╠♦Ⱪꜞ⅜ ⁸╕√

│ ╛ ⌐╟∫≡ wash out↕╣╢ ╩ ↕∑╢⁹↓─ⱷ◌♬☼ⱶ⌐╟∫≡

↕╣╢ │⁸ ⌐⅔↑╢ ™ ≤ ™ ─ 2.9c⅜ ∆╢╟℮⌐⁸

◘▬☼⅜ ↕⌂ ≢№╢ ⅜ ™⁹↓─╟℮⌂ ↕⌂ │⁸ ♦Ⱪꜞ⌐ ⇔╛∆

™√╘⁸ ⅝⌂ ⌐ ∆╢ │ ™≤™℮↓≤⅜ ⅎ╠╣╢⁹⇔√⅜∫≡Trakarding

─ H⁸I≢│⁸ ⌐ ≤ ⇔ↄ ↕╣╢ ─ ⅜ ™⌐╙ ╦╠∏⁸∕

╣╠≤ ⌐ ™ ⅜ ↕╣√≤ ⅎ╠╣╢ 2.9c⁸d⁹ 

⅛╠ ⌐⅛↑≡│⁸ ⅜ ╛⅛≢ ~2Á⁸ ⅜ ⇔≡™

╢ F⁸G; 2.9b⁹ ≢│↓─╟℮⌂ ─ ≢│ ⅝⌂◘▬☼─ ⅜

↕╣╛∆™↓≤⅜ ↕╣≡™╢ e.g., Quincey et al.. 2007; Sakai and Fujita, 2010; Salerno et 

al.2012; Miles et al.2017b⁹ ⅛╠ ↕╣╢ ─ │⁸ F≤G⌐⅔↑╢ ≤

─№╢ ⌐╟∫≡ ╣⅜ ⇔⁸ ⌐ ╩ ∆╢⁹↓╣╠─ │ ≤─ ⌐

╟∫≡ ⌐ ↕╣⁸ ─ ⌐ ╣ ╖∕─ ╩ ⌐ ↕∑≡ ∆╢ ⅜

№╢ e.g., Benn et al., 2001; Rºhl, 2008; Watson et al., 2016, 2018; Narama et al., 2017⁹ G ≢│

─ ⌐ ⇔√ ─ ╡ / ⅜ ↕╣≡⅔╡⁸↓╣╠─ ⅛╠ ⌐ ⅜

╣ ╪≢™╢↓≤⅜ ↕╣╢ 2.16a-c⁹ ⅛╠─ ─ │⁸↓╣╠─ ⌂

⅜ ⇔√ ╙⁸ G≤F; 2.16a─ ⌐ ∫≡ ─Ⱡ♇♩꞉

⌐◒כ ⅞ ╖⁸ ╩↕╠⌐ ↕∑╢ ⅜ ⅎ╠╣╢⁹↓─╟℮⌂ ─ ╩

╣╢⅜ ⌐ ╣ ╗ ◦☻♥ⱶ│⁸NgozumpaBenn et al., 2012, 2017⁸
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Khumbu Gulley et al., 2009; Miles et al., 2019≢╙ ↕╣≡™╢⁹⇔√⅜∫≡Trakarding

⌐⅔™≡⁸ ⅜ ╛⅛⁸⅛≈ ─ ™ F≤G ≢│⁸ ⌂ / ─

Ⱡ♇♩꞉כ◒⅜ ⇔≡™╢≤ ↕╣╢⁹ 

DïF; 2.9c⁸d ≢ ↕╣√ ™ ⁸ ⁸ ─ꜝfi♄ⱶ

│ / ─ Ⱡ♇♩꞉כ◒≤ ™ ⅜№╢≤ ⅎ╠╣╢⁹↓╣╕≢─ ≢

│ ─ ≤⇔≡⁸ ─ ⌐╟╢ ♦Ⱪꜞ ─ ≤ e.g., Anderson et al., 

2019b; Mºlg et al., 2020⅔╟┘⁸ ─ e.g., Sakai et al., 2000b; Gulley and Benn, 2007; 

Benn et al., 2012; Miles et al., 2017c≤™℮2 ─ ⅜ ↕╣≡™╢⁹ 

─ ⌐ ⇔≡⁸ ⅜ ╛⅛⌂ F⁸G ⌐⅔™≡⁸

⌂ ─ ≤ ⇔ↄ ↕╣√ ⅜ ⌐ ⇔≡™╢ ™⌐ ⇔™ ⅜

⇔≡™╢ ↓≤⅜ ≢⅝╢ 16a⁹↓─╟℮⌂ ─ ≤ ─ ⌂ │⁸▪ꜝ☻

◌ Anderson et al., 2019b╛ꜜכ꜡♇Ɽ▪ꜟⱪ☻ Mºlg et al., 2020≢╙ ↕╣≡⅔╡⁸

─ │ ─ ╩ ∂≡⁸ √⌂ ─ ≤⌂╢ ⅜№╢ Mºlg et al., 2020⁹

⌐ ─ ⅜ ↕™ ⌂ ⌐⅔™≡⁸ ─ │ ╩ ⇔♦Ⱪꜞ╛ ╩

∆╢ ⅜№╡⁸ ─ ≤ ─ ╩∆╢ ╩ √∆ Anderson et al., 2019b⁹

Trakarding≢│⁸ ─ ╩ ⇔≡ √⌂ ⅜ ↕╣╢╟℮⌂ ⌂ Ⱡ

♇♩꞉כ◒⅜ ⇔≡™╢≤ ⅎ╠╣╢ 2.16a⁹∕⇔≡↓─ ─ ⌐╟╡⁸ꜝfi♄ⱶ⌂

╩ ≈ ─ ⇔™ ⅜ ↕╣⁸∕─ ≤⇔≡ ≢ ™ ⅜ ↕╣√─

∞≤ ⅎ╠╣╢ 2.9d⁸2.16a⁸2.17a⁹↓─╟℮⌂ ⇔™ │⁸ ⌐ ⌐ ╩
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⇔⁸ ⌐ ∆╢ ╩ ∆╢ ⅜ ™⁹↓─╟℮⌂ ◦☻♥ⱶ│⁸↕╠⌂╢

─ ה ≤ √⌂ ─ ╩ ╖ ∆ ─ⱨ▫כ♪Ᵽ♇◒╩ ↕∑╢≤ ⅎ╠╣

╢⁹ ─╟℮⌂ⱷ◌♬☼ⱶ─ ⁸ DïF ≢│⁸ ™ ⁸ √⌐ ↕

╣√ ⁸∕⇔≡ ™ ─┌╠≈⅝ ⅜ ∑≡ ↕╣√≤ ⅎ╠╣╢

2.9a⁸c⁸d⁹ 

 

2.17 ─ ⱷ◌♬☼ⱶ─ ⁹(A) ─ ⁸(B) ─ ⌐⅔↑╢◒꜠Ᵽ☻╩ ∆

⁹(A) ─ ⌐ ↕╣√ ─ ╡ │ 2.16c⌐ ↕╣≡™╢⁹ 

 

╕√⁸ ≤ ─ ⌐│ ⌂ ─ ⅜№╡ r = ī0.80, p < 0.05⁸↓─↓≤│

10 ꜟכ◔☻ 2007ï2018≢⁸ ─ ─ ≤ ⅜ ─

⌐ ⇔≡™╢↓≤╩ ⇔≡™╢⁹↓─╟℮⌂ ─ ≤ ─ ⌂

│LangtangRagettli et al., 2016╛Khumbu Watson et al., 2017a⌐⅔™≡╙ ↕

╣≡™╢⁹ 

D; 2.9b ⌐⅔™≡│ ⅜ ⇔≡™╢↓≤⅜ ↕╣√⁹↓╣
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⌐╟╡⁸ ⌐ ⅜ ⇔⁸ ─ ⅜ ↕╣╢ ⅜№╢↓≤⅜ ⅎ

╠╣╢⁹↓─╟℮⌂ ─ ⌐ ∆╢ │⁸Langtang⌐⅔↑╢ Kraaijenbrink 

et al., 2016b; Steiner et al., 2019≢╙ ↕╣≡™╢⁹∕⇔≡⁸ │ ⌐ ⅛∫≡

┘ ⇔≡™╢ A⁸B; 2.9b⁸d⁹↓╣╠─ ─ ⇔™ │⁸ ⌐ ∂√

─ ≤⇔≡ ↄ─◒꜠Ᵽ☻⅜ ⇔⁸∕╣╠─◒꜠Ᵽ☻⅜ ⇔≡ ┼≤ ⇔√╙─

≢№╢≤ ⅎ╠╣╢ 2.17b⁹⇔√⅜∫≡⁸↓╣╠─ ⇔™ ─ │ ⌐ ⅝ ≤

≢№╡⁸ ─ │ ↕ↄ⌂∫≡™╢↓≤⅜ ↕╣╢ 2.9d⁹ 

─ ╡⁸Trakarding─ ⁸ ⁸ ⌐⅔™≡ ⇔™ ⅜ ↕╣≡™╢⅜⁸

─ ╛ ⱪ꜡☿☻│ ≢ ⌂∫≡™╢≤ ⇔√ 2.18⁹∕⇔≡ ⅜ ∆╢

⌐│ ↄ─ ⅜ ⇔⁸↓─ ─≢ꜟכ◔☻10─ ⅝⌂ ⌐ ⇔≡™╢↓≤

⅜ ↕╣╢⁹ 

⌐⅔™≡ ─ ⅜⁸ √⌂ ─ ╛ ⱷ◌♬☼ⱶ ⅎ┌

─ ╛ ⌐╟╢ ─ ⌂ ≤⌂╡ ╢ ╩ ⇔√⁹⇔⅛⇔

─ ─♃כ♦◓fi◦fi☿♩כ⸗ꜞ ≢│⁸ ─ ↕╣√ ╩ ⌐

∆╢↓≤│≢⅝⌂⅛∫√⁹⇔√⅜∫≡ │⁸ ↔≤⁸№╢™│ ─ ⌐╟╢

⌐╟∫≡ ₁─ ─ ⱷ◌♬☼ⱶ╩↕╠⌐ ⌐ ≢⅝╢ ⅜№╢⁹ 

╕√⁸↓╣╕≢─ ≢│ ─ ⌐ ∆╢ ─ ─ ─ ⌐╙

╡ ╪≢™╢ Brun et al., 2018; Anderson et al., 2021⁹ ≢ ה ⇔√Trakarding⌐

⅔↑╢ ─♄▬♫Ⱶ◒☻⌐ ⅎ≡⁸ ─ ╩ ∆╢↓≤⌐╟╡⁸ ─ ≤
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─ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

 

2.18 ─ ⱪ꜡ⱨ□▬ꜟ≤ ⁸ ⁸ ♄▬♫Ⱶ◒☻─ ─ ⁹ 

 

2-1.6 ╕≤╘≤  

Trakarding⌐⅔↑╢ ♄▬♫Ⱶ◒☻─  

≢│ ╩♃כ♦ ™≡⁸ⱠⱤהꜟכⱥⱴꜝꜘ ─Trakarding⌐

┘╟⅔ꜟכ◔☻10╢↑⅔ 1 ─ ≤2018⁸2019─ ─ ╩ ⇔√⁹2007

⁸2018⁸2019─ⱳ☻♩⸗fi☻כfi ⌐ ↕╣√3 ─ ◦fi☿♩כ⸗ꜞ╢╟⌐

fi◓♦כ♃╩ ⇔⁸SfM ╩ ™≡ DEM╩ ⇔√⁹╕√⁸2018≤2019─

SfM-DEM≤○ꜟ♁ ⅛╠ ▬fiⱬfi♩ꜞ╩ⱴ♬ꜙ▪ꜟ ⌐╟╡ ⇔√⁹∕⇔≡↓╣╠─
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▬fiⱬfi♩ꜞ╩ ™≡⁸ ─ ⁸ ⁸ ╩ ⇔√⁹ 

Trakarding⌐⅔↑╢ │2018≤2019⌐∕╣∙╣♦Ⱪꜞ ─4.7%≤6.1%╩ ╘

≡™√⁹ ─ꜞ♇☺─ ↕│ ≤ ™ ⅜№╡⁸ DEM⅜⌂™ ≢

╙╟╡ ⅜ ™ ⅛╠ ╩ ∆╢↓≤⅜≢⅝╢ ╩ ⇔√⁹ 

─ ≢│⁸2018│ ⇔√ ⅜ ─14%╩ ╘⁸2019│

√⌐ ↕╣√ ⅜13%╩ ╘≡™╢↓≤⅜ ╠⅛⌐⌂∫√⁹2019⌐ √⌐

↕╣√ │⁸ ⅛╠ ⇔√ ≤ ⇔≡⁸ꜝfi♄ⱶ⌂ ⁸ ↕⌂ ⁸ ╛⅛⌂

╩ ⇔≡™√⁹╕√⁸ ⅝ ∫√ │ ⌐ ⅝⅜ ↄ⁸ ⅜ ≢⁸ ⅜ ⅝

™↓≤⅜ ╠⅛⌐⌂∫√⁹ ⇔√ │⁸ ⇔√ ╟╡╙ ⅝─ ⅜ ↄ⁸↓─

│ ≢ ↕╣≡™√ ⅝─ ⅜ ∆╢≤™℮ ╩ ╘≡ ⌐ ∆╢╙─

≢№╢⁹∕⇔≡⁸ ─ ≢│ ─ ≤ↄ╠═≡╟╡ ⅝⌂ ─┌╠≈⅝ ⅜

↕╣⁸↓─↓≤⅜ ⇔™ ⅜ ↕╣√↓≤╩ ∆ ⌐⌂╡℮╢↓≤╩ ⇔√⁹ 

≢ ↕╣√ ─ ╩ ─ ─ ⌐ ∆╢↓≤≢ ─♄▬♫Ⱶ◒☻╩ ∆╢

⁸ ─ ⁸ ⌂≥ ╩ ≢⅝╢ ⅜№╢⁹╕√⁸ ≢│

⌐ ⇔≡ ─╖⌐ ⇔√⅜⁸ ─ ⌐ ∆╢ ─ ─

╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹ ─♄▬♫Ⱶ◒☻≤ ─ ╩ ∆╢↓≤≢⁸

⅜♦Ⱪꜞ ─ ⌐ ⅎ╢ ╩ ⅛≈⁸∕─ ⱷ◌♬☼ⱶ≤ ∑≡

╩ ∆╢↓≤⅜≢⅝╢⁹  
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2-2  ⱠⱤכ ꜝⱥⱴהꜟ  ꜘTrakarding⌐⅔↑╢

─  

2-2.1  

♦Ⱪꜞ ⌐ ↕╣╢ │ ⌐♦Ⱪꜞ ─ ╩ ⇔≡⅔╡⁸∕─ ╛

╩ ∆╢↓≤│♦Ⱪꜞ ─ ╩ ∆╢ ≢╙ ≢№╢⁹ 

─ ─ ╩ ℮ ╡ ╖⌐ ⇔≡⁸ ─ ─ ⌐╟╡ ⅛≈

─DEM─ ╩ ∆╢↓≤≢ ╩ ∆╢ ⅜ ╦╣ ╘≡⅝√

e.g., Brun et al., 2018; Mishara et al., 2021⁹⇔⅛⇔⁸ꜞ⸗כ♩☿fi◦fi◓─╖╩ ™√ ─

│ ⌐ ⌐ ╩ ≢⅝╢ ⅜№╢╙──⁸ ─ ⅛≈

─ ╩ ⌐≡ ∆╢ ⅜№╢⁸ ⅜ ⌐ ⌂⅛≈ ─ ⅝™

─ Ɽꜝⱷכ♃ ─ ⁸ ─ / ─ ⁸╕√│⸗♦ꜟ ⅜

≤⌂╢⁸ ⌂ ≤™℮ ╩ ╢↓≤│≢⅝╢⅜ ─ ⱪ꜡☿☻╩

∆╢↓≤⅜≢⅝⌂™⁸≤™∫√ ⅜ ∆╢⁹ 

≢⁸ ╟╡ ╩ ™√ ⸗♦ꜟ⌐╟∫≡ ╩ ∆╢▪ⱪ꜡כ♅

⅜ ╖╠╣≡⅝√ e.g., Sakai et al., 1998; Han et al., 2010; Reid and Brock, 2014; Steiner et al., 2015⁹

─ ⌐⅔↑╢ ╩ ™√ ─ │≢╖─◓fi◦fi☿♩כ⸗ꜞ⁸│ ∆╢↓≤

⅜≢⅝⌂™ ─ ╛∕─ ⱷ◌♬☼ⱶ ≤─ ╛ ─ ⌐ ∆╢

╩ ∆╢↓≤⅜≢⅝╢ ╩ ≈⁹ 
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Sakai et al. (1998) │ⱠⱤכꜟ─Lirung⌐⅔™≡⁸ ─ ╩ ⇔ ╩ ∆

╢⸗♦ꜟ╩ ╘≡ ⇔√⁹Steiner et al. (2015) │ ∂Lirung⌐⅔™≡ ⌐≡ ↕╣√

⸗♦ꜟ Han et al., 2010; Reid and Brock, 2014╩ⱬ⁸⇔⌐☻כ♦Ⱪꜞ ─ ╛ ─

╩ ⇔√ ─ ╩ ℮ ⌂⸗♦ꜟ╩ ⇔√⁹ 

↓╣╠─ ⸗♦ꜟ Sakai et al., 1998; Steiner et al., 2015│ ─ ─ ≢─ ╩

∆╢₈ ꜟ♦⸗─ꜟכ◔☻ point-scale model₉≢№∫√⅜⁸Buri et al. (2016a) │ ⇔√

╩ ™≡⁸ ─ ⌐⅔↑╢ ≤ ╩ ∆╢₈◓ꜞ♇♪ⱬכ☻

⸗♦ꜟ grid-based model₉╩ ⇔√⁹UAV⌐╟╡ ⇔√0.2 m≤™℮ DEM⅛╠⁸

─ ⌂ ╩ ⇔⁸ Steiner et al., 2015⌐⅔™≡ ↕╣√ ⸗─ꜟכ◔☻

♦ꜟ╩⁸ ⌂ ⅜ ⌂⸗♦ꜟ⌐╕≢ ↕∑√⁹ 

⇔⅛⇔⁸ ─⸗♦ꜟ│ ─ ה ה ה ⅜ ↕╣√╕╕ ∆╢₈

⌂⸗♦ꜟ static model₉≢№╢≤™℮ ⅜ ⇔√⁹ ⌂⸗♦ꜟ│ ─ ╩

∆╢─⌐│ ⇔≡™╢⅜⁸ ─ │ ≤≤╙⌐ ⅜ ⇔⁸∕╣⌐ ™⁸ ≤⇔

≡ ⌂ ─ ⅜ ∂╢ 2.19⁹⇔√⅜∫≡⁸ ⌂⸗♦ꜟ│ ⅜ ↄ⌂╢╒≥⁸

─ ╛ ⅛╠⅛↑ ╣≡™∫≡⇔╕℮≤™℮ ⅜ ⇔√⁹∕↓≢ Buri et al. 

(2016b) │ ─ ⌐ ™ ─ ⅜ ∆╢₈ ⌂⸗♦ꜟ dynamic model₉╩ ╘≡

⇔√ 2-2.2.4 ⁹↓─ ⌂⸗♦ꜟ│ ≤≤╙⌐ ─ ⅜ ∆╢↓≤╩ ⇔≡⅔

╡⁸ ﬞ ─ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔≡™╢⁹ 

≢│ⱠⱤהꜟכⱥⱴꜝꜘTrakarding╩ ⌐⁸ 2018ï2019≤™℮ ─  
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2.19 ─ ─ ⱠⱤ⁸ꜟכTrakarding⁹(a)⁸(b)⁸(c) ⅜201810⁸(d)⁸(e)⁸(f) ⅜

201910⌐⅔⅔↑╢○ꜟ♁ ⁸ ⁸ ⁹ ™ⱳꜞ◗fi│ ─▪►♩ꜝ▬fi⁹ 

 

╩ ∆╢↓≤╩ ≤⇔⁸ Buri et al. 2016b⌐⅔™≡ ↕╣√ ⌂

⸗♦ꜟ⁸ ⁸♃כ♦ ╩♃כ♦ ╖ ╦∑╢↓≤≢⁸♦Ⱪꜞ ⌐

∆╢ ≡─ ╩ ⌐ ╩ ∫√⁹ 

 




















































































































