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ᴍԋ Кŀŀ Ҳ ẃ  

 

̔ Ҭ ῤ ץ Ҭ ̆

ṽ ᵥ ṽ├ ᴇȂ ̔ ѿ̆ ╠

̆ ṽ Ḥ ≠ Ȃ ԋ̆

ṽ├Ḥ ≠ Ȃ ҈̆ ≠ ץ

Ȃ ̆ ҉ ̆ ץ̆

ᵝԍ֒ ̆ ṽ├Ḥ ≠ ᵬ Ȃ ѿ ̆ ╠

ľץ Ŀᵬҹ῏ ԑ ̆ ṽ├Ḥ ≠

῏ Ȃ ṽ̆├ ᵬҹ ԇץ ᴇ̆

῏ ᴇ ꜚ Ȃ 

῏ ̔ Ṝ ̕ ̕ ṽ̕Ḥ ≠ ̕ ῏  
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҅ɻ  

ṽ Ҭ Һ Ӟ̆ ҹ‰ ṽ├Ȃ ԅ

ṽⱵ ̆ ֟ ᴇ ᴪ Ṝ ‖₯ Ȃ ╠

ῃ ᴪ ȁ ȁ Ṝ ̆ ҕ

Ṝ ⱴȂ Ҋ̆ Ṝ

ҍ ӊ ῏ ⌠῏ Ȃ ̆ ҍ Ṝ

Ҍ ̆ ᴪ ᴇ Ԉ Ȃѿ ̆

₮ Ṝ ᴪ ֟ ᴇ̂Giglio et al., 

2021; Painter, 2020; Hauer et al., 2016; Barnett, 2020; Choi et al., 2020̃̆ ῒҬ

Һ Ṝ ֟ ꜚ ̆ Һ

ᴑҙ ᵞ Ȃ ѿ ̆ ҍ Ṝ

ᴪ ֟ ᴇҬ Ṝ ȂAtreya et al.̂2015̃ Murfin et al.

̂2020̃ ₮ ץ ᴪ ֟ ᴇ֟ ̆

֟ȂHong et al.̂2019̃Ӟ ₮

ѿ Ṝ ԍ῾ҙᴑҙ Ȃ ̆ ╠

Ҭ ҉ ̂Painter, 2020; Goldsmith-Pinkham, 2021; Bernstein et al, 2019̃

̂Ortega & Taspinar, 2018; Eichholtz et al., 2019; Giglio et al., 2021̃

̕ ̆ ῤ ȁ

Ȃ 

Ҭ ҹ ‗҉ ᶫԅ Ȃ ᾢ̆Ҭ № Ҍ ȁ ᴧ

ȁֲ ̆ ל ᵣ қᵞ̆ ҈ № ̆ ֓ ᶏ

Ҭ ҹῃ ӊѿȂ ѿ Ҭ̆ №

ҍ ̆ ≠ Ғ ȁ ≠ ҍ

Ȃ 1990 ᴪ₮ ȇҬ ≠ Ȉ̆ ῒҬ ԅ

̆ ȁ ᵝҍ Ḥ Ȃ ҹ

ᶫԅѿ Ȃῒ ̆ҍ Һҽṽ Ҍ ̆Ҭ ȇ

Ȉ Ҍ ṽ├ Ȃp

Ҋ̆ Ԋ ԍ ׆ Ȃҹ ̆Ҭ

̆ Ὲ ᴑҙץ̆ ֲ ṽ├

Ȃ ṽ├ ҹ ṽ̆Ӟ ҹ‰ ṽ├Ȃ ̆ ԍ

ᴑҙ ̆ ץ ̕

ᵖ ԍ ̆ῒ ֟ Ȃ ̆

Ҭ ṽ Ḥ ≠ ̆ ṽ├ ≠ ҍ ṽ≠ ӊ ̆

ץ ῒ ᴇ ԅ Ȃ 

≠ 2011ĺ2019 ṽ ȇҬ ≠ ȈҬ
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̔ ṽ╠ң ⁞ ╠҈

╠ ңṐ ץ ‖₯ ̆ ‖

₯ҍ ṽ Ḥ ≠ ῏Ȃ ṽ╠ң

ԍӊ╠ ᴍ ᴪ̆ Ṝ ̆ Ḥ ≠ Ȃ

‖₯ ץ ╧ ȁ ẫ ̆ ᶭ

Ҍ Ȃ ѿ № ̆ ԍῒז ṽ Ḥ

≠ ̕ № ̆ ᶭ Ȃ ѿ

ԅ ԅ ֟ ᴇȂ № ̆ ץ ҉

ȁ ≠ ᵞȁ ΐ ⱳ ȁ

ץ ԍẒ ֒ Ṝ ̆ ‖₯ ṽ

ᴇ ⱴ Ȃ ̆ └№ ̆ ῏ ᴪᶏ

‖₯ ṽ Ȃ ԅ ‖₯ ṽḤ ≠

Һ ῏ ѿ ᵬ Ȃ 

Ṝ ֟ Ạ₮ԅ Ȃѿ ̆ ҉

ȁ ץ ᴑҙ ᴪ ֟ᴇṿ֟

̂Bernstein et al.,2019; Ortega & Taspinar,2018; McCoy & Walsh, 2018; Bolton et al., 

2020Ȃ̃ᵖ ѿ ̆Bakkensen & Barragê2021̃ ₮ ҩֲҌ Ḥ Ṝ

ᴪ ӯ Ṝ Ҍꜚ֟̆׆ ᵞ Ṝ ᴇ Ȃ

Hong et al.̂2019̃ 31ҩ ҙᴑҙ ̆ Ṝ

Ҍ ȂAtreya et al.̂2015̃ Murfin et al.̂2020̃ ₮

Ҍᴪ ֟ ᴇȂ ↕ ̆ ṽⱵ╠

⌠ ‖₯ ̆ Ḥ ≠ Ȃ ̆

Ṝ ₯ᴪ Ṝ ῏ ׆̆ ֟ ᴇҬ

̆ ԅ ᴪ Ṝ ᵀ ᴇȂ ̆ Ӟ ԅ Ṝ

֟ ᴇ ѿҩ ῏ Ȃ 

ῒ ̆ ῤ ԅ ᾟȂ ╠ ӈ̆

҉ ₯ ȂPainter̂2020̃

҉ ̆ ṽ├ ᴪ ᴇ̆p

ṽ├ Ҭ Ҍ ᴇȂBernstein et al.̂2019̃ Ҍꜚ֟₮

ҍ̆ῒז ᵌᵖ Ҍꜚ֟ ᴇ ȂOrtega & Taspinar̂2018̃

₮ Sandy ₯ ӊ ̆ ⌠ ₯̆ ᴇ ₮

ԅ Ҋ Ȃҍ Ҍ ̆ ץ ף

̆ ׆ ԅ ̆ ԅ

Ȃ 

̆ ҹ ṽ├ ᴇ ⱴԅ ȂWang et al.̂2008̃ ₮
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ṽ├ ⌠ ȁ ꜚ ȂSchwert̂2017̃

ṽ├ ≠ ꜚ ȂGao et al.

̂2019̃ ₮ Ӟᴪ Ṣ Ȃ ҹ

‖₯ ᵥ ᶫԅ Ȃ 

ԑɻ  

₮ Ṝ ᴪҤ Ӱᴑҙ

ꜚ ׆̆ ֟ᴇ ֟ ̆p ץ ῏

Ṝ ᴇׅ Ԉ Ȃѿ ̆ Ṝ

Ҍ ̆ Krueger et al.̂2020̃ ̆

ױ ⌠ Ҭ Ὲ ᴪ ⌠ Ṝ ֟ Ȃ

Ṝ ῏ ѿ қ ᴪ ῒ̆ ‰ Ҍ ⌠

̂Flammer, 2015; Flammer et al., 2021Ȃ̃ ̆ ҹ Ṝ

ᴇ ᶫԅ ȂPankratz et al.̂2019̃ 93ҩ

13,000Ὲ ̆ ᴪ ⱴᴑҙ

׆̆ ᴑҙ≠ Ҋ Ȃ ̆Hong et al.̂2019̃Ӟ

Ҭ Ὲ ≠ Ҍᶃ̆p ҉ Ὲ ᴇ

ῃ Ṝ ᴇȂ ԅ ̆ Ṝ

֟ ֟ Ӟ ⌠ ױ ῏ ȂBernstein et al.

̂2019̃ ԅ ֟ᴇṿҍ ҉ ̂SLR̃ӊ ῏ ̆ └Ҍꜚ֟

ҍ ̆ ҉ Ҋ Ҍꜚ֟ ᴪ ₮ Ȃ

̆Giglio et al.̂2021̃ Ṝ ⱴ ֟ᴇ

ᵞȂ ֓ Ṝ ⌠ ῏ Ҭ

ᴇȂ 

ᵖ ѿ Ӟ̆ ₮ Ṝ ᵬҹ ̆ ╠

ᴇȂAddoum et al.̂2020̃ᶏ ᴑҙ ̆

‖₯ҍᴑҙ ֟ⱬ ῏ ̆ ᴰ ҉ ҹľ Ŀ ҙȂ

Murfin̂2020̃≠ ꜚ ҉ ̆ ᵟ

҉ ҍῒז № ̆p Murfin̂2020̃

҉ ԍ ֟ᴇṿ ȂAtreya, Ferreira, & Kriesel̂2013̃ Atreya 

and Ferreirâ2015̃Ӟ ₮ԅ ᵌ ȂBaldauf et al.̂2020̃ ֟

ᴇ ᴪ ⌠ Ḥ ̆ ֟ Ṝ ᴇ

‗ԍ Ḥ Ṝ Ȃ Bakkensen & Barragê2021̃

₮ ҩֲҌ Ḥ Ṝ ᴪ ӯ Ṝ Ҍꜚ֟ ׆̆ ᵞ

Ṝ ᴇ Ȃ 

ԍ ṽ Ṝ
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⌠ ῏ Ҭ ⌠ ᴇȂҍ ῏ ң ̔

Painter̂2020̃ ҉ ̆ ṽ

├ ᴪ ᴇ̆ᵖ ṽ├ Ҭ Ҍ ᴇȂ ᵌ ̆

Goldsmith-Pinkham et al̂2021̃ ̆ 2013 Ṝ Ғ

ᴪ̂ IPCC̃ ӊ╠̆ ҉ ҍ ṽ├Ḥ ≠ ӊ

῏ ̆p Ṝ ṽ├ᴇ Ҭ̆ ҉

ṽ├≠ Ȃ 

ҍPainter̂2020̃ Ҍ ̆ ҹ ҉ Һ

ӊ ̆ Painter̂2020̃ ṽ├ Ҭ Ҍ

Ṝ ᴇȂ Һ ̆

ԍ ҉ ̆ ῤ ᴪ Ȃ ҹ

ṽ ṽ̆ῒ ≠ ᴪ ⌠ Ȃ ̆ṽ

├ᴇ ԅ ԍ ̆ Ҍ ̆

Ṝ ל ᴪ ṽ├ ֟ Ȃ ᵬҹ Ṝ ӊѿ̆

ᴪ ῀ Ҍ ̆

ễ Ȃ ҉̆ Ẋ ṽ ≠

ԅ Ȃ 

Ҏɻ  

Ѓ҅ЄҲ ẃ ‟ 

ԋ ҕ Ӝ ∆ף Ҭ̆ ῀Ҭ ̆

₮ Ḡ Ҍ ̆ ԅ Ԋ ԍ ̆

Ҭ ט Ȃp 2008-2009

ῃ Ҭ̆ ҹ ≠ ԅ 4̓ ַ ┬ ⅞̆

ӊ Ȃҹ ̆Ҭ ᶫ 1.8

ַ҆ᾝ̆ ▼ᵩ2.2ַ̓ᾝ Ȃ Ҍ ⱴ ⱬ̆Ҭ

ᶭ 1994 Ṣ ҉ ṽ├Ȃҹ

Ҥ ̆Ҭ ⇔ ԅ ᵣ̆

̂LGFVsȂ̃ ľ ῀ ȁ

̆ ⱳ ᵣĿ̂ Ⱶ ̆2010̃̆ ľ

ᴋĿ̂ ᴪ̆2011Ȃ̃ ҹԅ

Һ ף ̆ ץ Ὲ ṽ├Ȃ ṽ├ ≢ԍ ‰ Ὲ

ṽ̆ ѿҩ ľ ṽĿ̆ ṽȂ ץ ₮ ṽ

ӥ̆ Ӟ ҹ‰ ṽ├Ȃ 

ṽ ҍ ⌠ ṽ Ḥ ≠ ̆ ף

ӯ Һ ṽ├ Ḥ ꜚ ᴇ̕ῒ ̆
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ҹ ᴇҬľ Ŀ ̆ ≠ ̆ ⁞

ṽ ≠ ̆ ṽ Ḥ ≠ ף ľ Ŀ

̆ ⱬ ȂAng et al.̂2016̃

ᴪ ṽ ᴇ֟ ̆ ל₯‖

ᴪ Ȃ ṽӊ╠̆ ԍץ

ԅ ‖₯̆ ᴪ ᴪ ׆̆ ⱴ

Ȃ ԍ ̆ ҹ ̆

ṽ├ ל ᴪ ץ ễ Ȃ 

ЃԑЄҲ  

Һ ṕ ȁ ῤ ҍ̆

Һ ҉ Ҍ Ȃ ҉

ֽ̆ҹ Ȃ Ҭ ̆ ғ ̆Ҍֽ

Ӟ ῤ Ȃ ≠ ῏ ̆Ҭ 1950

ĺ2018̆ 28ֲ̓ ֙̆ 1.2ַ ṕԍ ̆῾ᵬ

960̓Ὲ 1990ĺ2018̆̕҉ץ

43761.61ַᾝȂ 

ԍ ӈҹ ȇ̔Ҭ ≠ ȈҬ ᵝ ᵝ

ҹ ̆ ȇҬ ≠ ȈҬ

’ ȁ ̆ᶛ Ҭ ľ Ҋ └

10 18 16 ᵝ 14.75͇ ̆ ᵝ 3.24m̆

6870m3/s̆ ᵝ↓ 1954 ץ ԋᵝĿ̆ 10

ѿ Ȃ 1 ԅ1990 2019ȇҬ ≠ Ȉ

̆ ҹ 37 Ȃ ץ ₮̆Ҭ

ⱬ̆ ֽֽᶏ €

Ṝ ̕ ѿ ≠ Ӟᴪᶏ ԍ

ӟץҹ ȂBaldauf et al.̂2020̃ Bakkensen & Barragê2021̃

Ὲᴧ ԍ Ṝ Ҍ ̆ Ṝ ԍ ֟ ᴇ ᴪ №

Ȃ ᶏ ‖₯̆ ץ ̆

Ṝ Ȃ 
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Fig 1.  

 

̆ ץ ṽ ᵝԍ ̂ ᵝ

̃ k ῤ̆ ҹῒ ѿ ץ̆ ⱴ

Ȃ 2 ԅҬ ṽ № ῒ̆Ҭ

2̂ 1̃ ҹҬ ԓ ҉ץ № ̆ ץ ₮Ҭ ̆ῒҬ

ҹ1990 2019 ῒ̆ Ҭ

ҩ Ȃ 2̂ 2̃̂3̃̂4̃ №≢ҹ1990 2019 10 ȁ30

60 ῤ ṽ Ȃ

№ № ľ̆ Ŀ ≢ ᵌṿ

№ ̆ ᶏ ҩ ӊ Ȃ ṽ

ľ Ŀ қ ̆ ֲ Ҭ ֲ 95%

̆҉ץ Ҭ Һ ꜚ Ȃ ҉̆ ץ ₮ ṽ № ȁ

ף ̆ Ҍ Painter̂2019̃ ⌠ ⌠ Ṝ

ѿ Ȃ 
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Fig 2. №  

 

ɻ  

Ѓ҅Є ғ  

2011ĺ2019 ṽ № ̆ Ḥ ԍ

WIND ṽⱵ Ȃ 2011ᵬҹ ᴍ Һ ̔ ᾢ

̆ ṽ ԅѿ ̆ᵖӊ ̆ 2011

ᴪ ῒ̕ ̆ ᶏ ῏

ҹ2011 ∆Ȃ ̆ 2011ӊ

ṽ № Ȃ ṽ ľ ≢ĿҺ ľ Ŀȁ

ľ Ŀ ľ ᴪ( ↓ )Ŀ̆ Һ № ҹľ Ŀ ṽ̆

≢ ṽ Ҍ ᴪ Ȃ ≢ ṽҺ

Ҋ ̔ ѿ̆ ᴪ ṽ ԍľ ᴪ( ↓ )Ŀ ≢̆

№ Ҋ ṽ Һᵣ⌠ ᴪ ҩ ᴍ̆

ῒ ᴪ ᵬҹ ᴍ Ҭ ל ᴪ ⌠ ≢ Ḡ ̕ ԋ ľ̆

ᴪ( ↓ )Ŀ ṽ ҹ ҩ ᴍ̆ ῒ ‖₯ ԍ

̕ ҈̆ ԍȇҬ ȈҬ

̆ ľ Ŀ ṽ Ҭᴪ ҹ ṿ׆

ҡ Ȃᵖ ׅ ▼ᵩ ľ Ŀ ṽ ԅ∆ № Ȃ


