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Ϛȳ›ṕ 

ᴩ╜ Ӗ ד 109 5 ѣ 6 ѡ ứɦМҶ ☼ Ḃ

ɧȲѿ(ד 115~110) ᵂⱢ☼ Ṯ☻ ϩП ϩ Ȳ

ᴯȲ Ϥ ἘȲׁש ᵂⱢȲ֝ Ӽᴕ

֮ ’ṎȳѬỴ ȳѬѝоȳѬ ҭцᴞ ֮ Ȳѿ с

ѬỴ ₇ ȲӉ ɦ ἤἭ☻ȲѬ ɧⱢӭ ȴ Ѭᵓ

ɦ☼ Ḃ ᴕњҌɧ Ὑ ѿἏѿѬ ᾙ Ɫѻ

ᴊᴥЏ ᾈЎᾙ ≈ ȲӉ Ё ἤἭ☻ ἘȲṳѿ ᾙ

ṳ ȲἭה ᴞ Ѡ(Nature-Based Solutions, NbS)ἘȲѿ ֥ᴞ

ⱢӐᾼᾙѬ≈ Ȳ Ӣ Ṇὢ ғ Ϥ ᴕ Ȳ Ѭȳᴞ

ϢדФПӂ …ȴ 

ӣᴞ Ѡ (NbS)╥Ὼẃ  ᾼ☼ ᾙ ᾼњ◕ц ᴕṼ

ȴ ᴖӭ› ѽе ȳҠ о ѩ ᾼ Ѡᾎ ᴷᾈЎᾙ

М ᾼӻФᵂӣȲṿ NbS Џ Ϥᾼӭ Ьצ◕ ȴⱢϠ

вҵᴞ Ѡᾼ Ѡᾎѿц☼ Ȳѿцד ╓ ӣὑᾈЎᾙ

цᴞ ѠḂ ᾼ ȴKӐ ѝ ֫ ṳ ☼

ᴞ Ѡ ᴷѠהȳ цҠӣᾼ ᴷ╓ ȲẔװ∂ ậᴞ

Ѡ ☼ Ḃ ᾼ ╟ ▐Ȳӣὑ ᴷᴞ Ѡ╟ᴩ∟ᾼ☼

Ḃ ȴӢ Ṇὢ ╓ᾼ╥ᴞ Ӣ Ṇ Ϣ ῂ ᾼ᾿ ế

ȴ֯ᾈ☼☼ ᾼ￼ ϯȲ Ѭד ᾼӢ Ṇὢ яⱢ ȴ☼

ᴕ Ӣ Ṇὢ ᵗὑϠצ ☼ ᾼ ἤѿц֫ ϩȲ ὑ

ἨϢⱢ Ҡ ☼ᾼכ Ӣ № Ȳ צ ᾼ ц ᵗȲḆ

ҠᵂⱢӑẃᾈЎ☼ ᾙ ᾼ ╓ ȴӐ ֝ ѝ ֫

ҏҠӣὑᾈЎᾙ ᾼӢ Ṇὢ ӭȲѿцӭ› ӣὑ оӢ Ṇ

ὢ ᾼЏẓȲṳ ᵂӢ Ṇὢ ᴷЏẓиέ МҶ ᾈЎᾼӢ

Ṇὢ ᾓѿц ᵂᴞ Ѡ ∟ᾼḂ כ ᵂⱢӑẃṮḳц

☼ ᾙ ПṼ ȴ 
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ϡȳᴞ Ѡ ᾓ 

ԓ ѐ⇔ Ἤ ẃᾼ ṶԈ ῂ ╚ Ȳ

ֵ ֽ ế ᴞ ’Ṏ (IUCN) ᴞ М҅ד 2010

Ở ɦѿᴞ ⱢӐᾼ ḟѠ ɧɎἨᴞ ѠȲNature-based 

Solutions, NbSɏȲ ϚṆԝּד ṅשׁ ế╜ ќ═ Ȳ ϩ

ᴞ ἨӢ Ṇ (ecosystem processes) ếӢ Ṇὢ (ecosystem 

services) ≈ Ϥ ᾼ МȲ ֥Џ ᶾ ȳ

Ӏᾙ ȳԍ ȳ ╜ȳῂ ᴩ Ȳѿ֫ Ә П ȳῂ

ế ϮЄӭ Ȳṳ֯Ӣᾬֵ ἤếϢ ῂ אַ Ѡ Ӣֵ

ғ ֥ (Faivre et al., 2017; Nesshöver et al., 2017;Pauleit et al., 

2017)ȴ ϱᴞ Ѡᾼ Ȳ в֢ ╜Ἀ  ếׁשṅ

ᴯӼ NbS Ϥ╜ ∂ МȲ ᷄ᴞ Ѡ֯ ᾼѠ

֣ ȴ ᴖȲ ɦᴞ ѠɧἨ NbS ỞЄ ҏ ὑ╜

ѝԈἨ ȲӼҠ Ẕכ Ἐ ᾼפ Ἠ ӣȷ֪ױȲצ

Ӈ Ғѿ NbS ᾼ Ἐếứ Ȳ╓ NbS › Ҡ ᾼ╚

Ἠ Ȳạứצ ᾼ NbS ӭ ȳ ế☼ Ȳṳ∂Ӵ NbS 

ᾼ ᴷ╓ ếЏẓȲ ֥ ֮֯ ᾼᴞ ȳѝо ȳῂ

ếᾙ ṆȲ ᴞ ѠҠ֪֮ạừȳԓ ѹ ᵓ֮ о

ȴ 

ᴞ Ѡד ѝ ֫  

ᴞ ѠЛ ╥ Џ ╟ᾼ ҅Ѡ ȲḆ ֮╥ ’

ṎἨ⌠ ᴞ Ӣ Ṇ Ȳ сӢ Ṇὢ ҏȲᴖ ếϢ

אַ ӢӔ ȴ 

ᴞ ѠᵂⱢϚ​ ᾼה ἘȲ╥   ᾼ ế оȲ ֥

ҟ֯Ӣ ȳṮḳȳЏ ȳ Л֝ Б ᾛ ӣᾼᶾ

Ἠ ἘȲѿ Ḇ ᾛᾼ ếԚ (Escobedo et al., 2019; 

Pauleit et al., 2017;Ruangpan et al., 2020)ȴֽ -1ἬӱȲᴞ ѠЄ

Ӣ Ṇ ȳῈ ȳЏ ȳếғ ҳ ֣ȲẔ

в Ҕ╗Ӣ Ṇ (Ecosystem-based Adaptation, EbA)ȳӢ Ṇ ḳ
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(Ecosystem-based disaster risk deduction, Eco-DRR)ȳ ᴥ/ ᴥ

(Green/blue infrastructure, GI/BI/GBI)ȳ Ӏ Ὥ(Urban forestry, UF)ȳ

Ә Ӏ ѬṆ (Sustainable urban drainage system, SuDs)ȳӢ Џ

(Ecological engineering, EE)ȳᵅ (Low-impact development, 

LID)ȳѬ Ӏ (Water- sensitive urban design, WSUD)ȳӢ Ṇ

ὢ (Ecosystem services)ȴЛ֝ὑ ҟ Ϛ ἘҠ Ӧ ᵑ╜

 ȳ ứ ₤ Ғѿ ╟ȲNbS ⁄ ṷ ἘП

ᾼ ἤếФ ἤȲ Ḇϱᴯȳ ᾼ Ғѿװ ế ӣȲИ

צ ֪ ѡ ᾼ ȳῂ ế ╚ ȴ 

 

 
-1ᴞ Ѡᾼ Ἐ▐ Ɏ ѱẃ ȸDumitru & Wendling, 2021ɏ 

ᴞ Ѡ Ẃ 

ᴞ Ѡ(NbS)Ҡ Ẕ иכЊѐ⇔цЄѐ⇔ȲẔМȲЊѐ

⇔ѻ ╓ ӀἨᶝ ᾼѐ⇔Ȳ ⱢϚ ∂ ᾬἨϚ ᾼѐ

⇔ȷЄѐ⇔…╓ ȳᾈЎ☼ Ἠ֮ ἤЄЊᾼѐ⇔ȴ֯ ᾼ

ϯȲᴞ ḳ ᾼ ⇔Ӕ Ȳ ֪ ӑẃ  ᾼ оȲ

Єѐ⇔ NbS ╟ ╥ӑẃṮ☻ ḳᾼ ȲЄѐ⇔ NbSҔ╗ ֮
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ṎȳᾈЎ Ṏȳ☻Ѭ ☻ᴃȳ Ὥ Ṏѿц ֮ὑᾈ ȲẔМЄѐ⇔

NbSᾙ ạ ἤЏᾎדᴿȲЛ֝П ֯ὑЄѐ⇔ NbS ⌠

ᴞ Ở Ἠ ӣᴞ Ḋ ∂ Ȳ ϠҠѿ ẞ ḳ ὨȲ֝ Ӽ

сӢᾬֵ ἤц ἤȲἨ ẁӖ Ѭ  Ғ

ȴ вȳҵ ᴩᾼ ╟ Ẃֽϯȸ 

☺ (Environment Agency) WWNP ╟ 

ᴞ ’ (IUCN) 

֥ (UNEP) 

Ẕ҃ ẂȲּֽר ȳ ȳᾎ ȳ цМ  

в Ẃ 

ᴷѠᾎ Џẓ 

Ӣ Ṇὢ ᴷ ₤╥ ᴷ  NbS ᾼ ЏẓȲҔ╗ 

InVEST(Integrated Valuation of Ecosystem Services and Tradeoffs)₤

ế MAES (Mapping and Assessment of Ecosystem Services)₤ȴ ṷ

₤ о NbS Ӣ Ṇὢ ᾼ ȲẂֽѬ Ḃ ȳ ế׀

Ӣᾬֵ ἤ ȴ 

ҫҵȲIUCN NbSԓ ᴞᶺ ᴷЏẓ ὑ IUCN ᾼ NbS

╓ Ȳ IUCN ∂ ᴞᶺ ᴷЏẓ(self-assessment) (https://nbs-

sat.iucn.org/)ȲӦ 8  (criterion) ế 28 ╓  (indicator) כȲ

ᴷϢ Ҡѿ █ ᴷ Ѡᾎ ֥ NbS П ⇔ȲἨ╓іϢ

ᴞ Ѡ(Design new Nature-based Solutions)ȳ с╜

ᵑЛṜ(Upscale pilots by identifying gaps)ȳ ҟᾼ ếӑ

ẃᾼ (Verify past projects and future proposals) (IUCN, 2024)ȴ 

Ϯȳ∂Ӵᴞ Ѡ ᴷѠᾎ 

∂Ӵᴞ ѠЏẓ  

ᴕ Ѭᵓ Ȳ ɦḳɧ ѻ ╥☻ӛȲҠД

ПῈ ⁄ⱢᾈЎᾈ◕ Ȳֽ ☻Ѭẞ ȴ֪ױȲӭ›Ἤ

ᾼЏẓѿ☻ḳד ⱢѻȲṳ ᴕ ESVD (https://www.esvd.net/)ȳ
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ValuES (http://www.aboutvalues.net/)ѿц IWRM Toolbox (Integrated 

Water Resources Management, https://iwrmactionhub.org/)Џẓ

ȴӐ ПЏẓ ẁȸNbS Ϥ☼ ȳNbS ӱ ὰ ד Џ

ẓ іȴЏẓ Ϥ☼ ӱ ὰ ẁ∂ NbS ХЄḔ

ṳẻ IUCNᾼ NbS ȲḆ ᾼ╥ȲҠ ᵗѬᵓ цἬ

ᴯȲ֯ ȳ╟Џц ◕Ȳ ᴞ Ѡ ᴷѠᾎ Ϥ

ᾼ Мȴ 

∂Ӵ Ѡᾎ 

ṼӐ ∂ Џẓ NbS Ϥ☼ ( -2)Ȳі ᴩ

ᴩ☼ ᾙ Ȳ ɦᴞ Ѡ ῶ(ϡ)ɧ( -3) ẻ IUCN

ᾼ NbS ᴷ ȲѿцЏẓ іṿӣȴ Ӣ Ṇὢ ᴞ Ѡ

☼ Ḃ Пד ẂȲ ᴖ Ӣ Ṇὢ ᴞ

ѠП ἤȲ ∟ԛ ϤӢ Ṇὢ ὑᴞ Ѡ П

ȴ 

Ӣ Ṇὢ ∂ ӭ(Ἠ╓ ) 

Ӣ Ṇὢ ᾼ о☼ Ԓ ῴᾼ ӱ Ȳ∂

Ӵ ῶȲ ϚḔ Ϥ ѠᾎἬ Ȳ∂Ӵ ₤ ᴩ ȴ

Ȳ Ẃ ᾼ ₤∂ Ȳ Ӣ ᾼ☼ Ӣ Ṇὢ

ᴷ ȴ ᾼӢ Ṇὢ ▐ Ҡ ᵗᶺ ᴷ ứ֮ Ἠ ᾼ

Ӣ ғ цẔד Ȳ ֥Ϡ ϢⱢ♄ Ἠ ╟ ὑ☼ Ӣ

ᾼ ἤȴ
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-2☼ ᾙ П NbS Ϥ☼  
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-3ᴞ Ѡ ῶ(ϡ) 
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ҳȳᴞ Ѡ Ẃ 1  

Ɫ ›Ẓ Ἤ∂ ᾼᴞ Ѡ ᴷ▐ ѿц☼ цᾙ

Ἐ ӣὑ ☼ ᾙ ȳ П֥ ἤȲӐ ╚ ϚẂМҶ ᾈ

Ў☼ ( ☼ )ᵂⱢӱ ȴ 

Ẃ  

ᴯὑ Җ Ȳԓ ּפ 73еṭȲ☼ 978.15ӂѠе

ṭȲ ừ 9 ȴ☼ Ӧᴫ֣ὧἋᴼȲѬѝ ֮ ֵ

ȴדӂᶁ ​ Ɫ 3,861 ᴏȲ פּ⇔ 23.4ïCȲד ⇔ 81.1%Ȳ

ẓצ ᾼ ȴ 

☼ вѿ Ὥ ⱢѻɎ68.91%ɏȲẔМ ếὭᴾ 57.17%ȷ

֮ Ӏ иᵑҜ 15.73%ế 2.96%ȴẔ҃Ҕ╗Ѭ ȳḘ☺ȳ

֮ ȴ 

ϯ ӂ Ёֵ֮ӣὑ ϢЀ ȲᴖЍ ⁄ѿᴞ ’

ế ὭⱢѻȴѻ Ё צ₤ Ɏ31.94%ɏȳӰ ЁɎ23.35%ɏȳ

Ḥ ЁɎ20.99%ɏȲЍ ѿӰ Ё ЁⱢѻȲϯ ⁄ֵṓḤ ЁȲ

ӱҏὙ ᾼḤ ᾭ ȴ 

☼ вѬ и ӱȲֵ ӧ Ѭ ȲT ϯ ắϢⱢ♄

Єȴ צ 6 ☼ Ȳ ד2012-2022 ᾼ☼

ȴϱ ắЁ+ḳ ȲМϯ ֪ ѬѝṶԈȲ

☻ӛ Ṯ ϩȴ 

֮Ҕᵶ Ѐȳ Ӣ ᾬ Ȳ֮ѻ ᾬ

ắЁ֮ᵓӣ ϢⱢ№ Ɏֽᴆ╬ȳ ɏȴ ὑ InVEST

₤ ᴷȲ ếὭȳѬ Ḙ☺Ɫѻ ֮Ȳ Ӏ ∂ Ӣ צ

Є№ ȴ 

ẂӢ Ṇὢ ᴷ 

Ӑ ☼ ᴞ ѠɎNature-based Solutions, NbSɏᾼ ӣȲ

ѿ с ☼ ᾼӢ Ṇὢ Ḃ ȴׁשṅ ὑЛ֝

ᾼᴞ Ѡ ╟ȲҔ╗ иέ ἤ ȲK ֥
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ᴩ Ȳṳ ֥ IUCN ứᾼ 8 ⁄ ᴩиέȴ 

ᴞ Ѡ Џẓ ӣȲ ṓ ╟Ҕ╗ ȳᾈỴ

∂ Ὥ⌠ ȲᵓӣӢ Ṇὢ ᴷЏẓɎֽ InVEST ế HEC-

RASɏиέ ӣ Ὠȴ 

ᵿᴕ ȲӐ ᴕɦ ☼ Ḃ ɧМ

Ȳ Ɏֽ☻Ѭ ȳЁ+ḳ ɏ ἤẒ ֣

 NbS ӱ ȲṳṼ ’Ṏד ᴩ ȴ 

Ẃׁשṅ ∂ Ȳ1ȳ Ѝ ṮȸБ ╟ֵ ֮Ḃ Џ Ȳ

ᵀ∂ іϤᴞ ѠѿḆ ֥Ӣ ⁄ȴׁשṅѠ֣Ҕ╗Ё֮ᵓӣ

▲ иέȲ и ֮Ḃ ⱢЊ₤ ֮ȴ2ȳМ ☺

Ṯȸ ҟѿ ЁⱢѻᾼ Џ Ȳӑ҉иᴕ Ӣ Ȳ∂ ӑẃ

ӣӢ х Џᾎṳ ᴩ ֮ ֥⇔иέȴ3ȳ Ṗ ☼Ѐȸᾈ

ḇ цӢᾬֵ ἤϯ ∂ҏȲטּ ֮ὑᾈṳ ӣҵẃ

֮ ╟ѿḂ ᾈ Ӣ ὢ ȴ4ȳѳ ◕ȸ֯׀

☼ Ё+ḳ Ȳ∂ ֵ ᴯẦᵂ ᴩᾙ Ȳṳ ӣ ֮ὑᾈ

ᾼᴞ Ѡ ᵅ Ṯ ȴ5ȳׄ ȸᵂⱢӢ ֵ֮ оц

ѬỴ ֥ᾼׁשṅ Ȳ цֵ Ȳ֥∂ ᾬ ’Ṏ Ӣ

Ṇиέѿ сԓ☼ Ӣ Ṯ☻ ȴ 

 

ӱ Ẃ IUCNᴞ Ѡכ ᴷ 

IUCN ὑ 2020 ד ҏᾼ NbS ԓ ȲҔᵶ 8 Є ц 28 

╓ Ȳ֯ס с Д ╟ᾼ Ȳṳ ’ ֥

Ҡᾼ NbS ⁄ȴᴞᶺ ᴷЏẓ ӣ Excel ῶ ᶮהȲ ṿӣ῏

ᴷД ╟ᾼп ⇔Ɏ ⇔п ȳ Ӑп ȳ ип ȳЛп ɏȲ

ṳѿּמ ӱ ὨȲẦᵗ Ḃ Ѡ֣ц ֥⇔ȴЏẓ ὨҠ

ӣὑ ᵫếḂ ∂ Ȳќ═Д ╟ Ḇכ ᾼ NbS ȴ 

Ӑ ׄ ᾈ◕ ᴩЊѐ⇔ NbS ᴷȲ ᾓȳ

Ỵ ц NbS ╟ᾼ Ὠѩ ȴ ỴЏ ᵅϠ и

Ѭ Ȳᵀ NbS ╟ֽ ѬЏᾎцЛ ⁄Ӱ Ỵ ȲḆ ӂ
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Ṯ☻цӢ Ȳ с ֮ ֥⇔ṳ ṏֻ ȴ Ὠ ӱ 

NbS ֯ юḳ ȳḂ Ӣ ц‚ Ϣ Ѡאַ ẓצ

ȲṳҠᵂⱢү ֮  NbS ᾼ ᴕ Ẃȴ 

Єѐ⇔иέѿ Л֝Ё֮ᵓӣ Ɫ Ȳ ᴷ Ё Ѡ

֣╥ᵡ ֥ NbS ԓ ȴ֮֯оЏẓᶙכ∟Ȳ ѿү ד

Ẃ Ẕ ӣἤȲѿ ’ NbS ╟֯Ӑ֮ᾼ ӣἤ ⅎ ἤȲṳ

═ оЏẓѿ֫ ếӢᾬֵ ἤ ҷ ╚ ȴ
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Хȳ☼ ᴞ Ѡᵂ і( ῴ ) 

ҏѬᵓ ☼ ậᴞ Ѡᵂ іᾼ Ѡה ῴḔ

в ứȲW Ɫѡ∟ ứ☼ ᴞ Ѡ╓іᾼ ᴕṼ Ȳṳ Ὑ

☼ ᴞ Ѡᵂ іᾼѠᾎȳ ☼ ᴞ ѠПЏᵂ ☼ ȳ

ѿцᵂ іЄ ếв ứȴṼ ᴞ Ѡᾼ Ὲ￼

ɞ ɟ ▐Ȳ ҏᴞ Ѡᾼ ї Ѡ֣ȲῴḔ
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Abstract 

1ȳ Introduction  

In May 2020, Taiwan's Executive Yuan approved the "Central 

Watershed Integrated Improvement and Adaptation Plan (2021ï2026)" to 

enhance flood management using climate change risk scenarios. This 

initiative emphasizes risk assessment, habitat conservation, and ecosystem-

based management (Nature-Based Solutions, NbS), integrating ecosystem 

services, water culture, and biodiversity to create resilient and sustainable 

environments. However, the lack of standardized, quantitative methods in 

Taiwan has hindered NbS integration into engineering practices. This 

project reviews global NbS strategies, evaluates ecosystem services, and 

develops a planning framework to improve flood resilience and 

environmental quality in river basins. 

2ȳ NbS Development and Current Implementation 

International organizations like the EU and IUCN have advocated for 

NbS since the mid-2010s, addressing environmental, social, and economic 

challenges while promoting ecosystem services. In Taiwan, policymakers 

are adopting NbS principles. However, misunderstandings of NbS concepts 

necessitate clear definitions, strategies, and tools tailored to Taiwanôs natural 

and cultural context to ensure effective implementation. 

3ȳ Establishing NbS Planning and Evaluation Methods 

A toolbox for NbS planning includes processes, templates, and tools 

tailored for flood-related challenges. Ecosystem services assessment 

models, such as InVEST, quantify NbS benefits like water quality 

improvement and biodiversity enhancement. The IUCN NbS self-

assessment tool guides project evaluations and designs while highlighting 
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areas for improvement. 

4ȳ Case Study: Lanyang River Basin 

The Lanyang River Basin, covering 978.15 km², was selected for NbS 

evaluation. Key challenges include upstream sediment disasters and 

downstream flood risks. Measures such as wetlands restoration, floodplain 

reconnection, and habitat restoration were assessed using tools like InVEST. 

Results indicate that NbS significantly enhances flood resilience, 

biodiversity, and ecosystem services. 

5ȳ Draft Guidelines for Watershed NbS Implementation 

A preliminary framework for watershed NbS operations aligns with 

Taiwan's unique conditions, integrating ecological principles and local 

governance systems. The guidelines outline core values, planning steps, and 

practical methods for implementing NbS as part of climate adaptation and 

disaster risk management strategies. 

This project provides a foundational framework for integrating NbS 

into Taiwanôs watershed management, offering actionable strategies and 

evaluation methods to enhance ecosystem services, biodiversity, and climate 

resilience. 

 

keywordsȸNature-based Solutions (NbS), Operational Guidelines, InVEST, 

Lanyang River 
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∂  

Ϛȳ  

(Ϛ) ᴞ Ѡᾼ Ἐ╥   ᾼ ế оȲ ֥ ҟ֯Ӣ ȳṮḳȳ

Џ ȳ Л֝ Б ᾛ ӣᾼᶾ Ἠ ἘȲӐ ᴕ

ṳ ҵѝ Ȳѿ∂ӴϚ ᴞ ѠЏẓ Ȳԛѿ ☼ Ɫӱ

ȲᵓӣἬ∂ӴᾼЏẓ ẃ ╟☼ ȳ ӣЏẓ вП ֥ᴞ

Ѡ ᴷѠᾎȲ Є(☼ ѐ⇔)ȳМ( ֮)ȳЊ(ᾈ◕)Л֝Ὲ

ѐ⇔ӱ ᵂᴞ ѠП ᴷȴ 

(ϡ) Ӑ ∂ӴПᴞ ѠЏẓ ȲӼҠὑ Ϥᴞ Ѡᾼ Мᶙכ

IUCNᴞᶺ ᴷȲṳ ֢ ֪Іѿц МȲѩ IUCN ҏП

֢ ȲѿϠ П֪ ᾎ╥ᵡ ֥ᴞ Ѡ ȴӐ ӣ

ᾼӱ ẂẔ֢ѐ⇔Пᴞ Ѡӱ иᵑⱢȸ ☼ ֮ѬЁ’

═ (Єѐ⇔)ȳ Ѐ Ӣ ᾬ ֮ (Мѐ⇔)ȳ

☼ ќ☼ׄ ϱ ᾈ◕Ӣ Ṏ ᴷ(Њѐ⇔)ȴӐ ὑ֢ѐ⇔

ӱ ẂМȲꞋṿӣӐ ПЏẓ Ϥᴞ ѠȲṳᶙכ IUCN

ᴞᶺ ᴷȴ 

(Ϯ) ∂ ᴞ ѠЏẓ ȳ∂Ӵᴞ Ѡ ᴷѠᾎȳӱ ᵂᴞ

Ѡ ẂȲӐ ҏѿϯ 6 : 

֫ вҵѝ ӱȲᴞ Ѡᾼ ӣ ᾛȴӐ

֢ ѝ цד ᵫȲṳ IUCNᴞᶺ ᴷ ϤЏẓ ȴ

ѝ ѻ ᴕϠ ếּר ᾼ ╜ Ȳ֝ ֥ ҟ вד

ᾼ Ȳ Ϥẓ ᾼ ╟ ȴ 

Ӑ ӣᾼᴞ Ѡד ᴷ ה Ѡᾎ(ṓ 

Ϛ)ȲṳⱢЏẓ ẁЏẓ іȴ 

ᴞ Ѡᾼ ᴷế ӭ ֵȲяẔ╥ Ӣ Ṇὢ ד ᾼ

ӭȴ֯Ӑ МȲѻ ᾼӢ Ṇὢ Ҕ╗Ӣᾬֵ ἤ( ֮

₇ ȳ ֮ ֥⇔╓ (HSI)ȳ ֮ (WUA))ȳӢ ☼ ȳ☼
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ȲѿцЁ ’Ṏ(ֽЁ Ḥ ȳ + )ȴ 

֯ӱ ẂМȲӐ Л֝Ὲ ѐ⇔ ҏẓ ᴞ Ѡ

╟ȴЄȳМȳЊѐ⇔иᵑ ϠМϱ ֮ᾼѬЁ’═ ╟ȳ

ᾈЀᾼ ♄ ạцׄ ϱ ᾈ◕ᾼ Ѭ ╟Ȳѿ

Ӣ Ṇ МᾼЁ ’ṎếӢ ὢ ȴ 

֯ӱ ẂМȲЛ֝Ὲ ѐ⇔ᾼᴞ Ѡ ╟Ҡ ӦЛ֝ ה

ẃ ᴷכ ȴЄȳМѐ⇔Ҡ InVEST ה оӢ Ṇὢ (Ё

’Ṏȳ ֮₇ )ȲᴖЊѐ⇔⁄Ҡṿӣ HEC-RASѬ Ȳṳה

֥Ӣᾬ╓ (ֽ HSIȳWUAȳӢ ☼ ȳ☼ )ẃ ẓ כ

ȴ 

Ӑ Ἤ∂ ᾼᴞ ѠЏẓ Ȳ ֯ ῴ Ϥᴞ Ѡ

ᾼ ἘȲṳ ю∟ ᴞᶺ ᴷἬ ᾼ ȴ֝ ȲϷҠ Џẓ

ҟБ ᴩᾼЏ Ȳ ᴷЏ ֢ ◕╥ᵡ ֥ᴞ

Ѡᾼ ḖȲѿ ẞᴞᶺ ᴷᾼӭ ȴ 

ϡȳ∂  

(Ϛ) ӭ›Ӑ ∂ ПЏẓ Б ֵ ӣПᴞ Ѡ ᴷЏ

ẓȲṿӣ῏Ҡ ḖȲ╚ ֥ᾼЏẓẃ ᴷᴞ Ѡ ȴ 

(ϡ) ׁשṅ ▲Ɫ ᴞ Ѡᾼ ȴ֯ṿӣᴞ Ѡ

Џẓ Ȳ Ἤ ╥ᵡ ֥ ᾼ ӭ ȴӐ ѻ

е ᴩ ᴷȲ Ἤ ЛὔȲṿӣ῏ ᴕד

ѝ ȴ 

(Ϯ) ᴷМȳЄѐ⇔Пᴞ Ѡכ Ἤ Ɫ Ȳѹ Л ứ

ἤ Ȳ ה ṿӣ Ȳ∂ ⇔иέȲѿ ᴷ

Ὠắ П ⇔Ȳ ה ᴞ Ѡכ ПҠ ἤȴ 

(ҳ) Ӑ ֯Њѐ⇔ NbS ẂМȲБ∂Ӵẓ ᾼᵒ Ṽ ȲẂֽҠᵓӣ

֮ ɎWUAɏȳ ֮ ừἤ╓ ɎHSIɏцӢ ☼ ȲᵂⱢ
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ᴷᴞ Ѡ ᾼ ȴ ᴖȲ֯МȳЄѐ⇔ᾼ ᴷМȲỮ ѿ ứẓ

ᾼ о  ᵂⱢᵒ ╥ᵡ ֥ NbS ᾼṼ ȴМѐ⇔ NbS Ẃ

МȲᴞ Ѡᾼ∟ Ь Ṽ ֮ᾼӢ ▲Ȳѿ ϚḔⅎ ᴷ

Ὠȴכ╟ ◕ᾼ иέה ẁד ἤᾼ ֮₇ Ȳ ᾎ ᴩẓ

оȴ Єѐ⇔ NbS ẂᴖṕȲ Ё ☼ҷ ѿ᾿ ȲᴖѬ

ᵓ ᾼ + Ɫ‍ Ȳ NbSᾼẓ כ╟ Ȳ

⁄ ∂   ѹ ᾼᾈЎ + ἨᵶḘ ȴ 

(Х) Ӑ П ☼ ӱ ẂМȲ › ☼ П

ᴷᴞ Ѡ ֮₇ цЁ ’ṎП Ȳצ Ẕ҃Ӣ Ṇὢ (Ϣѝȳ

ῂ ד ὢ )Ȳ∂ Ḇ ϚḔ Ϣѝцῂ ד

Ȳѿ ẁ☼ МҠ ᴷ ╟ᴞ ѠἬ ẁḆֵ ֣ПӢ

Ṇὢ ȴ  

(г) Ӑ ӱ Ẃѻ ὑеԚЏ ᾼ ◕Ȳ ᴞ ѠЏ

ẓ іϤ NbS Ἐὑӱ ȲᵀỮӑ Ϥẓ ╟ ◕ȴ֪ױȲ֯

ᴩ ᴞ ’Ṏ ɎIUCNɏᴞᶺ ᴷ Ȳᵓ …ϢᾼẦ ȳ

’ ȳẓ כ цῂ ╓ ᾎצ иȲ и╓ Ӽ֪ ѽ

╟ᴖЛ ֥ IUCN ᾼד ⁄ȴ֪ױȲ֯ ◕ ᴩ IUCN ᴞᶺ

ᴷ Ȳ∂ Ҡ Ԓ ›Ϯ ⁄ᾼ ֥ἤȲҔ╗ȸɎ1ɏ ḟῂ ╚

ȳɎ2ɏ о ȲѿцɎ3ɏ‚ Ӣ ֵ ἤ ȴ֯∟ ẓ

╟ МȲ⁄ ϚḔ ᴷ ҠᴩἤȳҔ ἤцеӂἤ Ȳṳὑ

╟ᶙכ∟Ȳ ἤ ȳӘ ἤцѻ☼о Ẓ  IUCN ⁄ ᴩ

ԓ ᴷȴֽױ ◕ἤ֮ᶙכ IUCN ᴞᶺ ᴷȲҠ ’ᴞ Ѡᾼ

╟ ҉и  IUCN ᴞ Ѡᾼ ї ȲⱢеԚЏ ӣ

ẁצ ᾼ ᴕ  ȴה

(ϝ) ӭ› в ὑᴞ Ѡᴯ ѻ☼о ◕Ȳ֢ ῏ ὑᴞ Ѡ

ṓ צ׀ ῀ ȲҠṼ Ӑ שׁ П☼ ᴞ Ѡᵂ і(

ῴ ) ẓ҅צῶἤᾼ☼ ἨІ☼ ᵂⱢ Ȳ ᴩ ֮ Ȳן
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ế כ╟ ᾼ ȴ 

(ϥ) ὑᴞ Ѡד ═ ᴩ Ẃ ṅ ӻ☼Ȳ ϚḔ

ᴞ Ѡ֯ ☼ МᾼӢ ȳ ῂ Ȳṳ Ẕ҃

ᾼכғ Ȳᵮן ᶾ ѠᾎȲ ’ᵂ ів ֥

ȴ 
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Ϛ  ›ṕ 

Ϛȳ  

ᴩ╜ Ӗ ד 109 5 ѣ 6 ѡ ứɦМҶ ☼ Ḃ

ɧȲѿ(ד 115~110) ᵂⱢ☼ Ṯ☻ ϩП ϩ Ȳ

ᴯȲ Ϥ ἘȲׁש ᵂⱢȲ֝ Ӽᴕ

֮ ’ṎȳѬỴ ȳѬѝоȳѬ ҭцᴞ ֮ Ȳѿ с

ѬỴ ₇ ȲӉ ɦ ἤἭ☻ȲѬ ɧⱢӭ ȴ Ѭᵓ

ɦ☼ Ḃ ᴕњҌɧ Ὑ ѿἏѿѬ ᾙ Ɫѻ

ᴊᴥЏ ᾈЎᾙ ≈ ȲӉ Ё ἤἭ☻ ἘȲṳѿ ᾙ

ṳ ȲἭה ᴞ Ѡ(Nature-Based Solutions, NbS)ἘȲѿ ֥ᴞ

ⱢӐᾼᾙѬ≈ Ȳ Ӣ Ṇὢ ғ Ϥ ᴕ Ȳ Ѭȳᴞ

ϢדФПӂ …ȴ ⁄ѿѬ ȳЁ֮☻ӛ ȳ ’Ṏц

ѬỴ ֥Ɫ ѻ Ȳ ϤӖ Ȳ ☼ ϱȳМȳϯ ֥ל Ё

ỴῈ Ȳ ֥ᵂцӦϯᴖϱḂ Ё ῂ П

ϩ ֪ П ᵂⱢȴⱢ ֪ П Ё ἤἭ

☻ ϩȲ ἤцṆ ἤП☼ Ȳ ҏ ᾼ

Ȳṳ Ӣ ’ṎȳѬỴ оȳѬѝоרּ Ἥȳ ҭ цᴞ

ᾼ ֥ сȲ ẓצ ἤᾼṮ☻ Ɫӭ› ᾈЎᾙ ᾼϚЄ

ѻ ȴ 

ӣᴞ Ѡ (NbS)╥Ὼẃ  ᾼ☼ ᾙ ᾼњ◕ц ᴕṼ

ȴ ᴖӭ› ѽе ȳҠ о ѩ ᾼ Ѡᾎ ᴷᾈЎᾙ

М ᾼӻФᵂӣȲṿ NbS Џ Ϥᾼӭ Ьצ◕ ȴⱢϠ

вҵᴞ Ѡᾼ Ѡᾎѿц☼ Ȳѿцד ╓ ӣὑᾈЎᾙ

цᴞ ѠḂ ᾼ ȴKӐ ѝ ֫ ṳ ☼

ᴞ Ѡ ᴷѠהȳ цҠӣᾼ ᴷ╓ ȲẔװ∂ ậᴞ

Ѡ ☼ Ḃ ᾼ ╟ ▐Ȳӣὑ ᴷᴞ Ѡ╟ᴩ∟ᾼ☼

Ḃ ȴӢ Ṇὢ ╓ᾼ╥ᴞ Ӣ Ṇ Ϣ ῂ ᾼ᾿ ế

ȴ֯ᾈ☼☼ ᾼ￼ ϯȲ Ѭד ᾼӢ Ṇὢ яⱢ ȴ☼
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ᴕ Ӣ Ṇὢ ᵗὑϠצ ☼ ᾼ ἤѿц֫ ϩȲ ὑ

ἨϢⱢ Ҡ ☼ᾼכ Ӣ № Ȳ צ ᾼ ц ᵗȲḆ

ҠᵂⱢӑẃᾈЎ☼ ᾙ ᾼ ╓ ȴӐ ֝ ѝ ֫

ҏҠӣὑᾈЎᾙ ᾼӢ Ṇὢ ӭȲѿцӭ› ӣὑ оӢ Ṇ

ὢ ᾼЏẓȲṳ ᵂӢ Ṇὢ ᴷЏẓиέ МҶ ᾈЎᾼӢ

Ṇὢ ᾓѿц ᵂᴞ Ѡ ∟ᾼḂ כ ᵂⱢӑẃṮḳц

☼ ᾙ ПṼ ȴ 

ϡȳ ӭ  

Ɫ∂Ӵѿ☼ Ṇ ӣᴞ Ѡὑ ☼ ӣПҠᴩἤȲӐ

╚ ☼ ᵂⱢӐ ᾼ ᴩ Ȳ ᴯὑ Җ Ȳ ὑ

⁮ ЄЍҖ Ȳ☼ ừ Є֝ ȳ ȳ Ѝ ȳừ ӀȳϮ╦ ȳ

ҍЍ ȳ ὧ ȳᶇ цХ 9 ȴ ☼ Ɫפּ

978.15ӂѠеṭȲ☼ вּצפ 20%ѿϱᾼ ѿ ȳЏ ѿцᴰ׃

ⱢѻȲϢⱢ♄ Єכ ᴆ╬ ϤᾈЎѿцᾈЎѬ Є ᵓӣ

ȴӭ› ☼ Ѭᵓ Ὼד ᵫБ ҏֵ ȲҔᵶ: (1) Ѭ

ȳ(2) Ё֮☻ӛ ȳ(3) ’Ṏȳ(4) ѬỴ ֥ ֣

ȲӐ ☼ ֢ ֣ ἤ ῶȲᵛҠ

☼ цӢ Ṇὢ иέ Ὠ ╟ᴞ ѠП ȴ ∟

ӣ IUCNᴞ Ѡԓ ᴞᶺ и έ Ὠ ֢ Д ╟֯NbS

ԓ ᾼ ֥ ⇔Ȳѿױᵒ ӭ›כὨ ֕ȳ Ȳṳ

ӑẃ Ѡ֣ȴ 
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ϮȳЏᵂв  

ὑᴞ Ѡ(NbS)ᾼ☼ ╥Ὼẃ  ᾼ Ȳ в ѽе

ȳҠ о ѩ ᾼ Ѡᾎẃ ᴷẔֵ ֣ἤ Ȳṿ NbS Џ

Ϥᾼӭ Ьצ◕ ȲӐ ѻ Ӧѝ ֫ Ϡ вҵᴞ Ѡ

ᾼ Ȳᴖ∟ ᴕ вҵ☼ ᾼᴞ Ѡ ἘȲ ᴷᴞ Ѡ

╟ᴩ∟ᾼ☼ Ḃ ȴⱢϠ ᴞ Ѡὑ ☼ ӣПҠᴩ

ἤȲӐ ╚ Ϛ МҶ ᾈЎ( ☼ )ȲṼἬ ᴞ Ѡ

Ѡᾎ Ӣ Ṇὢ ᴷѠᾎȲ ᴷ֢ Ӣ Ṇὢ Ȳṳ Ӣ֪ П☼

Ḃ ( ) ╟Ȳ ӣ IUCNᴞ Ѡԓ ᴞᶺ и

ѿиέ֢ ᴞ Ѡ ὨȲ ҏᴞ Ѡ Ѡᾎᾼч Ӕȴ 

☼ Ӣ Ṇὢ Џẓ ṿӣЁ֮ᵓӣ Ȳẃ ᴷϢⱢ♄ ⇔

ὑӢ Ṇὢ (ẁ ȳќ═ȳ ) Ӣᾬֵ ἤ( ֮₇ )ᾼ Ȳᴖ

ᾼ и⁄ Ё ѿ ☼ ׀⅔ ȴ֪ױȲӐ

Ё Мїὑ Ẃ ᾼ☼ Ȳѿц Ὅ ӂүᾼЁ

Ȳ ѿ ☼έשׁ ᾼӢ Ṇὢ ȳ ֮₇ ц ȴ☼

☼ ᾓӼⱢ NbSѠᾎ ᴷᾼ Ṽ ȲӐ ן ☼ вᾼ

ѿц☼ Ȳ ӑẃ о Л֝ ☼ ᾭᾓȲṳạứ֪

П☼ Ḃ ( ) ╟Ȳѿ Ṯ☻ ϩѿц Ӣ Ṇ

ὢ Ȳ ᴖ ẞ☼ Ә ӭ ȴ 

Ӑ ᾼ ᴩ☼ ֽ 2- 1ἬӱȲ ϚḔӐ Ԓ֫ вҵᴞ

Ѡד ѝ ц ᴷѠᾎȲѿцӢ Ṇὢ ᴷЏẓ ПҠӣ╓

ȴ ϡḔⱢ Ӣ Ṇὢ Ἤה ӣὑ оМҶ ᾈЎ☼ ᾼӢ

Ṇὢ Пד Ȳṳׁשέ Ẃ ПӢ Ṇὢ ᾓȲῴḔ ҏ

֪ Пᴞ Ѡ ȴ ϮḔⱢׁשέᴞ Ѡ ☼ Ӣ Ṇὢ

(ֽ: ѬѝӢ Ṇὢ ȳ ֮₇ ȳ )П Ȳѿ IUCN ᴞ Ѡ

ԓ ᴞᶺ иȲ έ֢ ᴞ Ѡ ὨȲϠ ֢ᴞ ѠП ц

֥ ἤȲѿцӭ› ạ Ҡ ȴ ∟ȲӐ ẁ ☼ ᴕ

Ӣ Ṇὢ Пᴞ ѠȲ Ɫӑẃ ☼ Ḃ ( ) 

╟П ᴕṼ ȴ  
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 1-1 ᴩ▐  
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ϡ  ᴞ Ѡ ᾓ 

ԓ ѐ⇔ Ἤ ẃᾼ ṶԈ ῂ ╚ Ȳ ֵ

ֽ ế ᴞ ’Ṏ (IUCN) ᴞ М҅ד 2010 Ở

ɦѿᴞ ⱢӐᾼ ḟѠ ɧɎἨᴞ ѠȲNature-based Solutions, NbSɏȲ

ϚṆԝּד ṅשׁ ế╜ ќ═ Ȳ ϩ ᴞ ἨӢ Ṇ

(ecosystem processes) ếӢ Ṇὢ (ecosystem services) ≈ Ϥ

ᾼ МȲ ֥Џ ᶾ ȳ Ӏᾙ ȳԍ ȳ ╜ȳῂ

ᴩ Ȳѿ֫ Ә П ȳῂ ế ϮЄӭ Ȳṳ֯Ӣ

ᾬֵ ἤếϢ ῂ אַ Ѡ Ӣֵғ ֥ (Faivre et al., 2017; 

Nesshöver et al., 2017;Pauleit et al., 2017)ȴ ϱᴞ Ѡᾼ

Ȳ в֢ ╜Ἀ  ếׁשṅ ᴯӼ NbS Ϥ╜ ∂ МȲ

᷄ᴞ Ѡ֯ ᾼѠ֣ ȴ ᴖȲ ɦᴞ ѠɧἨ NbS

ỞЄ ҏ ὑ╜ ѝԈἨ ȲӼҠ Ẕכ Ἐ ᾼפ

Ἠ ӣȷ֪ױȲצӇ Ғѿ NbS ᾼ Ἐếứ Ȳ╓ NbS ›

Ҡ ᾼ╚ Ἠ Ȳạứצ ᾼ NbS ӭ ȳ ế☼ Ȳ

ṳ∂Ӵ NbS ᾼ ᴷ╓ ếЏẓȲ ֥ ֮֯ ᾼᴞ ȳ

ѝо ȳῂ ếᾙ ṆȲ ᴞ ѠҠ֪֮ạừȳԓ ѹ ᵓ

֮ о ȴ 

Ϛȳᴞ Ѡד ѝ ֫  

ᴞ Ѡᾼứ ế  

☺ ᴩỗ (European Commission, 2015) ᾼứ Ȳᴞ

Ѡ╥ɦắẞᴞ ȳⱢᴞ Ἤќ═ȳἨ ᴞ ᾼᴩ Ѡ ɧȲ

ס ɦ֯Ә ֪֮ ֢ ȳῂ ế ╚ ɧ(Nature-based solutions 

aim to help societies address a variety of environmental, social and 

economic challenges in sustainable ways. They are actions inspired by, 

supported by or copied from nature.)(p. 24)Ȳ ѿᴞ ȳᴞ Ӑȳ

ꜙἨӾ ᴞ ᾼѠהȲ ḟ₨Ӏ Ἤ ֵ оȳ ֥ἤᾼ ╚
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ȴ NbS ד ṅשׁ ᾼ Ȳᴞ Ѡᾼứ ϷЛ Ḇ

(EuropeanCommission, 2024)ȲṳḆҒ ɦ ֥ ֮ᾼȳ

ᾼếṆ ἤᾼД ╟Ȳ ḆֵѹḆֵ оᾼᴞ ếᴞ

ц Ϥ₨Ӏȳ֮ ế ɧ(Such solutions bring more, and more 

diverse, nature and natural features and processes into cities, landscapes 

and seascapes, through locally adapted, resource-efficient and systemic 

interventions)ȴ 

ᴞ ’Ṏ (IUCN, 2016, 2020) ⁄ ᴞ Ѡứ Ɫɦ’

ȳӘ ȳ ᴞ ἨḂ ᾼӢ Ṇ Пᴩ ȲѿḆצ

ȳ֮ ֮ ֢ ῂ ╚ Ȳ֝ ὡϢ ếӢᾬֵאַ ἤᾼ

ɧ(Actions to protect, sustainably use, manage and restore natural or 

modified ecosystems, that address societal challenges effectively and 

adaptively, simultaneously providing human well-being and biodiversity 

benefits)ȲẔв Ḇ ὑᴞ Ӣ Ṇ ᾼ’ ế ṎȲѿцӢ Ṇ

Ἤ ẃᾼ֢ ғ ȴ ế IUCN ὑ NbS Пứ ֯ᴩ

ᾼế ϱצṷ ȲᵀꞋ ԓ ἤȳ ֥ἤȳֵӭ

П╜ ᾼ ἤȲṳ ’ Ἠ ӣᴞ ếᴞ Ṇ Ȳ

ẃ ҒӢᾬֵ ἤếӢ Ṇὢ ҏȴ֪ױȲNbS ‍ Ϛ

ҏ ᵑ ѠȲᴖ╥ ֥ᵂȳֵа ȳцῂ

Ȳ ẞԚ֝ ȳԚ֝ ҏếԚ֝ ᾼӭ (Frantzeskaki 

et al., 2020; Tzoulas et al., 2021)ȴ 

Ϡ ֢ ᴩ ếּשׁד ќ═ᴞ ѠП ҵȲNbS 

ὑ ế ᾼ Ϸѡ ắẞ Ȳṳ Ϥ֢

ѝԈМȴẂֽ֯ 27 ự ֥ Є (COP27) ϱȲᴞ

Ѡ Ɫ֪ ᾼ ᴩ ПϚȷ ֥ Ӽὑ ד 2022

Ϯѣ Хự ֥ Є Пḟ ѝМ(United Nations, 2022)Ȳ ὑ

ᴞ Ѡ ҏḆ ϚḔᾼứ ȸɦᴞ Ѡ╥’ ȳ’Ṏȳ ṎȳӘ

ᵓӣế ᴞ Ἠ Ḃ П ȳѬ ȳ Ỵế ◦ПӢ Ṇᾼᴩ

ɧȲẔӭ ╥ɦצ ֮ȳ ֮֫ ῂ ȳ ế ╚ ɧȲṳ
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Ҡ ẃɦϢ ȳӢאַ Ṇὢ ȳ ἤếӢᾬֵ ἤɧПֵ

(Nature-based Solutions are actions to protect, conserve, restore, 

sustainably use and manage natural or modified terrestrial, freshwater, 

coastal and marine ecosystems which address social, economic and 

environmental challenges effectively and adaptively, while 

simultaneously providing human well-being, ecosystem services, 

resilience and biodiversity benefits)ȴ֪ױȲᴞ ѠЛ ╥ Џ

╟ᾼ ҅Ѡ ȲḆ ֮╥ ’ṎἨ⌠ ᴞ Ӣ Ṇ Ȳ сӢ

Ṇὢ ҏȲᴖ ếϢ אַ ӢӔ ȴ 

ֵֽᴯ ῏╓ҏȲᴞ ѠᵂⱢϚ​ ᾼה ἘȲ╥  

ᾼ ế оȲ ֥ ҟ֯Ӣ ȳṮḳȳЏ ȳ Л֝

Б ᾛ ӣᾼᶾ Ἠ ἘȲѿ Ḇ ᾛᾼ ếԚ

(Escobedo et al., 2019; Pauleit et al., 2017;Ruangpan et al., 2020)ȴֽ

2-1 ἬӱȲᴞ ѠЄ Ӣ Ṇ ȳῈ ȳЏ ȳếғ

ҳ ֣ȲẔв Ҕ╗Ӣ Ṇ (Ecosystem-based 

Adaptation, EbA)ȳӢ Ṇ ḳ(Ecosystem-based disaster risk deduction, 

Eco-DRR)ȳ ᴥ/ ᴥ (Green/blue infrastructure, GI/BI/GBI)ȳ

Ӏ Ὥ(Urban forestry, UF)ȳӘ Ӏ ѬṆ (Sustainable urban 

drainage system, SuDs)ȳӢ Џ (Ecological engineering, EE)ȳᵅ

(Low-impact development, LID)ȳѬ Ӏ (Water- 

sensitive urban design, WSUD)ȳӢ Ṇὢ (Ecosystem services)ȴ

Л֝ὑ ҟ Ϛ ἘҠ Ӧ ᵑ╜  ȳ ứ ₤ Ғ

ѿ ╟ȲNbS ⁄ ṷ ἘП ᾼ ἤếФ ἤȲ

Ḇϱᴯȳ ᾼ Ғѿװ ế ӣȲИ צ ֪ ѡ ᾼ

ȳῂ ế ╚ ȴ 
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 2-1ᴞ Ѡᾼ Ἐ▐ Ɏ ѱẃ ȸDumitru & Wendling, 2021ɏ 

ɶNature-based Solutions are actions to protect, sustainably manage 

and restore natural and modified ecosystems in ways that address societal 

challenges effectively and adaptively, to provide both human well-being 

and biodiversity benefits.ò 

NbS Ҡѿ ⱢϚ ╗ἤ Ἐ(umbrella concept) ( 3- 1)ȸ

ϚṆԝ ὑӢ Ṇ ᾼѠᾎȲѿ ứἨֵ ῂ ╚ Ȳ֝

ẁϢ אַ (human well-being)ếӢᾬֵ ἤ (biodiversity 

benefits) (Cohen-Shacham et al., 2016; Cohen-Shacham et al., 2019)ȴ֯

NbS Ἐ ▐(NbS conceptual framework) ϯȲNbSѠᾎҠиⱢХ

(Cohen-Shacham et al., 2016; Cohen-Shacham et al., 2019)ȸ 

1. ⌠ ἤ(Restorative)ȸӢ ⌠ ȳ Ὥ ⌠ ȳӢ Џ ȷ 

2. ẓ (Issue-specific)ȸ ὑӢ Ṇ ᾼ ȳ ὑӢ

Ṇ ᾼ ȳ ὑӢ Ṇ ᾼ юḳ ȳ ὢ

ȷ 

3. ╟(Infrastructure)ȸᴞ ╟ȳ ᴥ ╟ȷ 

4. (Management)ȸᾘ ֮ ֥ ȳѬ ֥ ȷ 
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5. ’ (Protection)ȸ ὑ ᾼ’ ѠᾎȲҔ╗’ ếẔ

צ҃ ᾼ ὑ ᾼ’ ╟ȴ 

 

 
 2-2Х ὑӢ Ṇ Ѡᾎᾼ NbS ╗ἤ Ἐ(umbrella concept) 

(іӣᴞ Cohen-Shacham et al., 2016) 

ṏֻ ᾼ NbSҠⱢϢ ếᴞ ẃֵ ֻ Ȳ Seddon et 

al. (2021) Ɫ ᾬ Ệ Ҡ и ᶶ ḡоӰ ṿӣ

ế’ ᶙצ Ӣ Ṇ ᾼ ḖȲ֝ Ὥ ᵂⱢ ᾼ

ḟѠ Ȳᴖἕ Ϡ Ӣ ᾼӢ Ṇ ֮ ȴױҵȲ

ֽὨḥצὙ ᾼứ ế Ȳṿ NbSѠᾎ צ ֮ ֮Ἠ

ӣᴟẞḆЄᾼ ȲṪ NbSЬҠ Ɫ ᾼ ȴⱢ

Ϡṿ ᾼ NbS Ɫῂ ẁӘ ᾼֻ ȲSeddon et al. (2021)

ҏҳ NbS╓⁮(ῶ 2-1)ȸ 
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ῶ 2-1 Seddon et al. (2021)ᾼ NbS╓⁮ 

╓⁮ в  

╓⁮ 1ȸNbSṳЛ╥ᶶ

ḡоӰ ᾼ ҅Ѡ ȲϷ

Л Ἃ ᶺ ᾼ

йᴩ ȴ 

NbS֯Ӑѷּצנᵗὑ оᾼ ᵂӣȲ

ᵀẔ ắ ὑצ ᾼЁ֮ Ȳ ᶶ ḡо

Ӱ ṿӣדѩȲẔ ד ЊȴױҵȲ ‍

ᶺ Є ю ⅍ ὍȲᵡ⁄ԓ о

ֵӢ Ṇ ᾼ ӂ ӢЛᵓ Ȳ Ẕ

Ɫ ⅍ ᾼ Ὅ ȴ 

╓⁮ 2ȸNbS ц ֮ế

◦М֢ ᴞ ӢᾼӢ

Ṇ ᴩ’ ế/Ἠ⌠ ȴ 

ἬצӢ Ṇ ₤ Ɫ NbS ẁϠ ֣Ϣ

ẁӢ Ṇὢ ᾼ ȴ֯ ѐ⇔ϱ ᴩ

Ȳᴕ ếᵓӣӢ Ṇ П ᾼדФᵂӣȲҠѿ

Є ⇔֮   ȴ ᵑ йᾼ╥Ȳ Ṯ

Ѧ֯щ Ὅ₤Ӣ Ṇ (ֽ: ȳ ế

ᾇⱦ֮)Ἠẓצ Ӣ Ὥᾼ֮ Л⌂ ֮ ȴ

NbSӇ ϢӖᾼֵ ᴩ ᴷȲ

ᴖЛ╥ ⇔ оᾼ╓ Ȳֽ ȴ 

╓⁮ 3ȸNbSᾼ ╟ ẞ

ᴰӖế֮Ѡῂ ᾼԓ

ế֝ ȲҔ╗ Ѕế

Ȳṳ Ɫ Ϣ

оᾼ ϩȴ 

Ӈ ӣ Ệᾼῂ ’ ╟ȲѿἭ ȳ ế

оϢ (Ҕ╗Ё֮/Ӣ ᵓếѝо ᵓ)Ȳṳќ

═Ӣ ȴеӔᾼ ֯ԓ оᾼ

ẘќ═ḆЄ ȳҠ═ ếḆẓ ἤᾼ

NbSȴ 

╓⁮ 4ȸNbSҠѿ ═ȳќ

═Ἠ Ӣᾬֵ ἤȲᵛ

֪ ᵑẞӢ Ṇ ᵑᾼ

ӢỄֵ ἤȴ 

Ӣᾬֵ ἤ֯Ӣ Ṇ ᾼ ғ ế ἤѠ

ᴟ ᾼᵂӣȴһ ’Ϡ ֯ế ẃᾼ

Ӈ ᾼὢ ☼ Ȳ юϠһ П ᾼậ (Ẃֽ:

ếẁѬП׀ )Ȳṳצᵗὑ֯₨Ӏế ḋ֮

∂ӴϢ оᾼ ϩȴ 

 

ᴞ Ѡ(NbS)ᾼ ӭ ᴷ╓  

NbS Ɫ ϠϚṆԝ Ӣ Ṇ ד ᾼ ╗ἤ ἘȲ

IUCN(2020)Ἤ ҏᾼ NbSứ ▐ȲҔᵶ NbSᾼứ ȳӭ цϥЄ

⁄Ȳѿ ᵗ NbSѿц ứכғ ╟ NbSᾼ ȴNbSП

ӭ ֽϯȸ 

NbS֯ס Єᾼῂ ╚ ȲẂֽ: ȳḳ

ᵅȳῂ ȳϢ ȳ ׄԓȳѬׄԓȳ

о Ӣᾬֵ ἤ ҷȴ 
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NbSѿч╣ῂ ѝо ȳ Ӣ Ṇ ᾼ ἤȳḆ ϩц

ẁὢ ϩᾼѠהȲ ῂ ӭ ế’ Ϣ  ȴאַ

ⱢϠ ẁṿӣ῏Ϛ ӣὑ NbSᾼ ▐ Ȳѿ ḟ

Ϛ Ἠֵ ῂ ╚ ȲIUCN (2020) ứϠ NbS ⁄(ῶ 2-2)Ȳṳѿ

NbSứ ▐Ɫ NbSԓ Ȳѿ‚ṿכғ ╟ NbS(  

2-3)ȴNbSԓ Ҕ╗ 8  (criterion) (ῶ 2-3)Ȳѿќ═Ә

(Ҕᵶ ȳ ếῂ ֣)ế ἤ ȴCohen-Shacham et 

al. (2019)╓ҏ NbS ⁄ Ẕ҃ ▐ᾼ ⁄П צ ἤᾼϚ ἤȲ

ᵀ NbS ᾼ 8 ⁄М3 צ Ẕ҃ѠᾎЛ֝ȸNbS Ҡѿ

╟ȲϷҠѿ Ẕ҃ ḟѠ כ ╟ȷNbS ֯ ѐ⇔ϱ ӣȷ

ᴖѹȲNbS ╥ ῂ ╚ ᾼ╜ ȳ ╟ếᴩ ЛҠἨ

ᾼϚ иȴדчȲ ἤ /ᾙ ȳצ ἤȳЛ ứἤȳֵѠᵓ

ד ῏ ế ѐ⇔ Ἐ֯׀ὑẔ҃ ▐МȲT ֯ NbS ⁄М

Ӑḥצ ἨЛ ȴ 

ПҵȲױ ᾼ ӣẓצѿϯ Ғ ȸ(1) ӭ֯ᵓ

…῏ ›ḆẓҠ‒⇔ȷ(2) Д ╟ ẁϠḂ ∂ ȳṿӣ Ὠ

Ѡȷ(3) ẁϚ ӣᾼ ӻ☼ ▐ế ṕȴ

ȲLe Gouvello et al. (2023) ╓ҏȲIUCNᾼױֽ NbS иέ

Ὠắ ᴷϢ ȴױҵȲ NbS ⁄Ҡѿ Ɫ╥ ᾼȲᵀ

Ӧὑ ד ᾼ ԒṶ ҅ Ӣ оȲNbS

ṳЛẓצ ἤȷ Ґ ᾼ ἤȴ 

 
ῶ 2-2 IUCNᾼ NbS ⁄ 

⁄ в  

⁄ 1 NbS Ҕᵶᴞ ’ ᾼ ế ⁄ȴ 

⁄ 2 NbSҠѿ ╟ȲϷҠѿ Ẕ҃ῂ ╚ ḟѠ (Ẃֽᶾ

ếЏ ḟѠ )Ϛ ֥ ╟ȴ 

⁄ 3 NbS Ӧ ứ֮ ᾼᴞ ếѝо￼ ḟứȲҔ╗ ȳ֮Ѡếּד

῀ ȴ 



 

2-8 

⁄ в  

⁄ 4 NbSѿеӂếеӔᾼѠהѿ‚ Ὑ⇔ế ᾛ ᾼѠה Ӣ

ῂ ȴ 

⁄ 5 NbS ═Ӣᾬếѝоֵ ἤѿцӢ Ṇ ᾼ ϩȴ 

⁄ 6 NbS ӣὑ ѐ⇔(landscape scale)ȴ 

⁄ 7 NbS ᵑ(recognize)ṳ ɦӢ Ϣ ӑẃ ɧ

ɦӢ ӑẃԓ ᾼӢ Ṇὢ ɧ ᾼậ ȴ 

⁄ 8 NbS ╥╜ ȳ ╟Ἠᴩ ᾼϚ ѿ֫ ứ╚ ȴ 

 

 
 2-3 NbS ⁄ế NbSԓ ᾼ ἤ 

(іӣᴞ: Ѭᵓ Ѭᵓ и Ȳ NbS цԚ֝ ᴷ Ȳ(3/3)(108-110)ה

2021) 

 

ῶ 2-3 IUCNᾼ NbS ╓ (IUCN, 2020) 

 ╓  

1: NbSצ

ῂ ╚ ȴ 

1.1 Ԓᴕ ᵓ═צ῏ếắ ῏ йᾼῂ ╚ ȴ 

נּ 1.2 Ἤ ᾼῂ ╚ ȴ 

1.3 ȳŋ∂Ӵ ṳứ ᴷNbSἬ ӢᾼϢ  ȴאַ

2:Ṽ

NbSȴ 

2.1 NbSᾼ ẞ ȳῂ ȳӢ Ṇ П ᾼד

Фᵂӣȴ 

2.2 Ẕ҃ד ╟Ф Ȳ ֥Ẕ҃   ӢẦ֝ᵂӣȴ 
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 ╓  

2.3 ϤД ֮ѿҵ ᾼ ╥ᵑ

ȴ 

3: NbS ẃ

Ӣᾬֵ ἤ  

ếӢ Ṇ ᶙ ἤ 

3.1 NbSᴩ Ӈ ὑ ᾼ ᴷ ҏ᾿ ֫ Ȳ

ᴷв Ҕ╗Ӣ Ṇ ᾼ ᾭȳ оц ҷᾼѻ

ϩȴ 

3.2 ȳŋ Ӵ ṳ ◕ἤ ᴷ ᾼȳҠ ᾼӢᾬ

ֵ ἤ’ כ ȴ 

3.3 ṳ ◕ἤ ᴷNbSҠ ᴞ ᾼЛᵓכ ȴ 

3.4 ᵑҒ Ӣ Ṇ ἤ ἤᾼ ṳ ֥ẞ

NbS Мȴ 

4: NbS ẓ

Ҡᴩἤ 

4.1 ế NbS ӭᾼ᾿ ế Ӑцכ ȲҔ

╗ Ἥ ӐȲѿцכ ắ ȴ 

4.2 ӣכӐצ ἤׁשṅќ═ NbSᾼḟ ȲҔ╗ד ᾎ

ế Ҡ ẃᾼ ȴ 

4.3 NbS ᾼѠ ѩ Ẕצ ἤȲṳ҉иᴕ

ד ᾼҵ ȴ 

4.4 NbS ᴕ Ӏ ȳеԚȳᴞ Ἥ ֵ  ẃ

ṳ’  ṿӣ֥ ȴ 

5: NbS ὑ

Ҕ ȳ Ὑȳ ᾼ

ᾙ  

5.1 ֯ ╟ NbS›Ȳ Ἤצᵓ ד ῏ ứếὙ ч

Ө ạȴ 

5.2 ’ NbSᾼ ὑדФ ếӂ ȲЛиἤ

ᵑȳד ếῂ ֮ᴯȲṳ ɦ ᴰӖᾼᴞӦȲṶ›ế

῀ ֝ (FPIC)ɧȴ 

5.3 ᵑ NbS᾿ ế ᾼἬצᵓ ד ῏Ȳṳ

’ Ẕ NbSД ╟ᾼԓ ȴ 

5.4 ḟ ṳ Ἤצ цắ ᾼᵓ ד

῏ ᾼ Ḗ ҏ֫ ȴ 

5.5 NbSᾼ ҏ Ȳ ∂Ӵᵓ ד ῏

֥ḟ ạȴ 

6: NbS ֯

ӭ ếẔֵ҃

П еӔ֮

ȴ 

6.1 Ὑ NbSД ╟Л֝Ѡ ᾼ Ȳѿц Ӑכ֯

ế Ȳṳᵫ῀ד ᾼ’ ╟ếḂ ╟ȴ 

6.2 Ἥ ế ᵓ ד ῏֯Ё֮ѿцẔ҃ᴞ ᾼ

ᵓ ԉȴ 

6.3 ứ ▲Б∂Ӵᾼ’ ╟Ȳѿ ’֢Ѡ ׂ ứ

ᾼ ꜜ ȲṳѹЛ NbSᾼ ứἤȴ 

7: NbS ὑ

ἤ  

7.1 ạ NbS ȲṳѿױⱢ ứ ế ȴK 

7.2 ạ ᴷѠ Ȳṳ ӣὑ NbSД ╟ԓӢ



 

2-10 

 ╓  

ỄỂ ȴ 

7.3 ∂Ӵ ҅ ▐Ȳṿ ἤ ֯ NbSД ╟

ԓӢỄ МЛ Ḃ ȴ 

8: NbS ẓҠ

═ ἤṳ֯ ᾼ

вѻ☼о 

8.1 иṹếӻ☼ NbS֯ ╟ȳ Мᾼ Ȳѿױ

ẃḆֵ ᾼḂ ȴ 

8.2 ѿ NbS‚ ╜ ếᾎ ᾼᶙ Ȳצᵗὑ NbSᾼ ӣ

ếѻ☼оȴ 

8.3 NbSצᵗὑ ԓ ц ֯ Ϣ ȳאַ

оȳ’ Ӣᾬֵ ἤế’ Ϣ Ѡ ᾼӭ

ȴ 

 

ϡȳᴞ Ѡ Ẃ 

נ ᾼậѬ―ᵓἤ╥Ϣ ֯ᾈ☼֮ ứỰᾼ ȲϢ ᾼ אַ

♄׀ Ѭ ד ȴ ᴖȲᴯὑᾈ ᾼỰӖ Ἥắ ֽ☻Ѭ

ḳ ᾼ Ȳ Ȳ ṷḳ ᾼ№ ҒЄȴⱢϠ

сᾈ☼ ☻Ѭᾼᵮן ϩṳ ю☻Ѭᾼ ȲӇ ᾈ☼ Ḇ

Єᾼ Ȳ ᴖḂ ☼ ᾼӢ ғ ȴ֪ױȲѻ ᾼᴞ

Ѡ(NbS)Д ╟ȲҔ╗⌠ ☼ ế’ Ȳ Ẕ҃ NbS ╟(ֽ:

מּ Ὥԛ ֮⌠ )ѿц ╟(ֽ:∂ ЁᾼṮ☻ ╟) ֥

ӣȲ Л כ юḳ ᾼ ὨȲ֝ Ϸ Ӣᾬֵ ἤṳ

с ἤȴ 

ᴞ Ѡ(NbS)Ҡ Ẕ иכЊѐ⇔цЄѐ⇔ȲẔМȲЊѐ⇔

ѻ ╓ ӀἨᶝ ᾼѐ⇔Ȳ ⱢϚ ∂ ᾬἨϚ ᾼѐ⇔ȷЄ

ѐ⇔…╓ ȳᾈЎ☼ Ἠ֮ ἤЄЊᾼѐ⇔ȴ֯ ᾼ ϯȲ

ᴞ ḳ ᾼ ⇔Ӕ Ȳ ֪ ӑẃ  ᾼ оȲЄѐ⇔ NbS

╟ ╥ӑẃṮ☻ ḳᾼ ȲЄѐ⇔ NbSҔ╗ ֮ ṎȳᾈЎ Ṏȳ

☻Ѭ ☻ᴃȳ Ὥ Ṏѿц ֮ὑᾈ ȲẔМЄѐ⇔ NbSᾙ ạ

ἤЏᾎדᴿȲЛ֝П ֯ὑЄѐ⇔ NbS ⌠ ᴞ Ở Ἠ

ӣᴞ Ḋ ∂ Ȳ ϠҠѿ ẞ ḳ ὨȲ֝ Ӽ сӢᾬֵ ἤц

ἤȲἨ ẁӖ Ѭ  Ғ ȴ ҵ ᴩᾼ ╟
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Ẃֽϯȸ 

☺ (Environment Agency) WWNP ╟ 

☺ (Environment Agency)ὑ ד2018 ҏ Working with 

Natural Processes ɇ Evidence DirectoryȲ Ɫ WWNP ╟(EA, 

2018)Ȳֽ 3- 4ἬӱȲ ᵫМѿ☻Ѭ ϯᾼӢ Ṇὢ Ṕ⇔ҏ Ȳ

Ӧϱ ᴟϯ ӣϚṆԝᾼ NbS ╟Ȳṳ ϚḔ Ὑֵ ╟ צ

’ ṳ⌠ ☼ ȳᾈ☼цӛ ӂ ᾼᴞ ғ Ȳ ẁ☼ ѐ⇔ϯᾼ

☻Ѭ Ṽ ȴ 

 
 2-4☼ ѐ⇔ϯWWNP ӣᾼᾈЎ NbS ╟ӱ  (іӣᴞȸEA, 2018) 

ᴞ ’ (IUCN) 

ὑѬ Мᾼ NbSМȲIUCN(2016)ὑ ᵫМ Ὑ NbS

ᾛ ӣὑ֢ᴩ ӢᾼѬ ד ȴNbS Д ╟Ҡ ậֵ

ᶮהȲẂֽȸ 

֮ế☼ ⌠ цӘ Ȳ Ἠ‚ ế Ӣ

ȳ ᵅ☻Ѭ ȳ ẁ ế ȷ 

Ὥ’ Ȳ‚ ế ׄԓȳ Ϥȳן֮ ế

ϩѿцӢᾬֵ ἤȷ 
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ḅ֮⌠ ȲҒ Ѭׄԓȳ ֮Ӣ ếὂ о ᾼ ϩȷ 

֯₨Ӏ М ᴥ ╟(ֽ: ȳ⅞ ῧ ȳᴩ

ȳ☼ )ȲḂ Ὲ ȳќ═ Ѭ ȳ ю​Ѭ ☼ế

Ѭᴆ╬ȳ ỰӖᾼӢ♄ ȷ 

ᵓӣ ȳּמ ὭếḶ ᴞ ᾘ ╟Ȳ’ ᾘ

֮ ếῂ ᵍắᾘ ☻Ѭᾼ Ȳṳ ю ӂ ϱсᾼ ȴ 

ẔМֵ Д ╟МᾼѠᾎ(1)ᴟѠᾎ(3)Ӕ╥ ֥ ӣ֯☼ ѐ

⇔ϯᾼᾈ☼֮ П NbSД ╟ȴ 

ҫҵȲᴞ ᾿ѿẃȲIUCNϚד2017 Building River Dialogue 

and Governance (BRIDGE) for Civil Society Organisations the Ganges-

Brahmaputra-Meghna (GBM) river basins (BRIDGE GBM) projectȲ

25 ѿϱᾼӖ ῂ (Civil Society Organisations, 

CSOs)֥ ᵂ ᴩ☼ ∂ ếᴞ Ѡᾼѝ Џᵂȴ ᾼכ

Ӵ╥ⱢϠҒ CSOs֯ ‚ GBMᾈ☼☼ Ԛ֝Ѭ ֥ᵂᾙ Мᾼ

ᵂӣȲ ếԚ ∂Ӵ♄ Ȳױ БạứϠ֥ᵂ

GBM☼ ᾼԚ֝ ȴ ֯Х ѻ ϯ ứϠ 21 ᴩ ȸ

ϩ∂ ȳ ֥ᵂȳ ȳҵ ế ȳׁשṅế῀ ȳѿц╜ ế

ᾎ ȴ ṷ ᴩ ‚ Ϡᴞ Ѡ(NbS)֯ ›ᾈ☼

ế Мᾼѻ☼оȲẓ Ҕ╗ȸ 

ӣ ὑӢ Ṇ ᾼѠᾎȲּד ᴷ ›ᾼӢ ᾭᾓȲѿцһ

ѬếЁ֮ṿӣ ứᾼ Ȳѿц ›ᾼ’Ṏế ▐ᾼ

ἤ(ᴩ 5)ȴ 

Ӣ Ṇὢ ’Ṏȳ ȳᴞ ᵓӣȳḳ юế

оᾼ Ṿ Ȳạứ ╓⁮Ȳ Ẕ ֥ẞ╜ Мȴṿӣ

ṷ╓⁮Ḃ Ἤצ װ √ᾼᾎצ ▐ế╜ Ȳѿ ֮ῂ ᾼ

ἤế ϩ(ᴩ 12)ȴ 

֮ῂ צ ṳќ═ᾈ☼Ӣ Ṇ ’ṎᾼӢ ếѝо

Ҡ═ ♄ (ᴩ 13)ȴ 

ȲӖ ῂ (CSOs)֯ Ѭ Ѡ ╟ᾼ ֵ
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ӣϠᴞ ѠȲ ᴖȲ ṷ ѝ ЛṜȲ ὑ NbSᾼ ▐

ȴ ạϠ CSOsצṆ ֮ ế Є NbSᾼ ϩȲѿ

цᵓӣ Ὠ צ Ԛṹ☼ ᾼᾙ ȴ֯ ȲⱢϠד2018

ӱᴞ Ѡ(NbS) Ἐ֯ᾈ☼☼ Мᾼ ӣ Ȳ Ю

Ϡϝ ṅשׁ Ẃ (  2-5)ȲҠᵂⱢӐ ӣᴞ Ѡ ╟П

ᴕȴ 

֥ (UNEP) 

֥ (UNEP)ὑ ד2014 ҏɞGreen Infrastructure 

Guide for Water Management: Ecosystem-based management approaches 

for water-related infrastructure projectsɟȲ ╓⁮ ᾃὑ ᴥ

╟(Green Infrastructure, GI)WⱢѬ ếѬד ╟ ӭ

ᾼӘ ḟѠ ȴ╓⁮ Ю Ϡֽᴶ ὑӢ Ṇ ᾼ Ѡ

ᾎẃ ҅Ἠ ҉ ᾼᴊᴥ ╟Ȳֽ Ѭ ế ѬṆ Ȳṳ ᵓ

ӣᴞ ẃḂ Ѭ ȳ ю☻Ѭ ȳ’ Ӣᾬֵ ἤế ẁẔ҃

Ӣ Ṇὢ ȴ╓⁮ Ϡ ᴥ ╟ᾼ ӣ ẂȲ ӱϠ ֮ȳ

Ὥế₨Ӏ ֮ ᴞ ֯Л֮֝ ế Ԉϯᾼצ ἤȴױҵȲ

ѝ ẁϠ ᴥ ╟ᾼẓ ∂ ȲҔ╗

⁄ȳ ȳ ᴷѠᾎȲṳ ᵂếᵓ֥דּ ד ῏

ᾼ ἤȴ ∟Ȳ╓⁮ ќ═ ᴥ ╟ ᾼ╜ ế

▐Ȳ ẁԓ ẂׁשṅȲ ӱЛ֝ ֽᴶ ӣ ṷѠᾎẃ ḟ ֮

ᾼѬ Ȳ ᴖ сῂ ᾼ ἤȴ ᴖṕȲ Ԍ╓⁮

֯ › ế ╚ ϯȲ ӣ ᴥ ╟ế ὑӢ Ṇ

ᾼ Ѡᾎᾼ ἤȲṳⱢֵ ᾼḟ ῏ế ῏ ẁẓ

ᾼ ᵂἤ∂ ȴ 

Ẕ҃ Ẃ 

רּ ₨ᾼ ɶGreen City, Clean Watersɷ Ғ ᴥ⅞

ȳ​Ѭῧ ế ἤ Ȳצ юϠ₨Ӏ​Ѭ ☼Ȳ сϠ₨Ӏ

о ếỰӖӢ♄ (Stratus Consulting, 2009)Ȳּר ֮ ▲ᶝ

(USGS) ֯ ḅ֮ ☼М ∂ᾼᵅכӐȳᵅᶾ ᵶ ᾼ leaky barriersѿ
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ẞ ᴿ ᾼ ὨȲѿ ẞ⌠ Ӣ Ṇ Мᾼᴞ ☼ ế

и Ȳ ế⌠ ᴿ ֮ᾼ Ȳ ѿḂ щῈ ẁ

Ѭ ╟ЛṜᾼ (White House Office of Domestic Climate 

Policy, 2022)ȷ֯ᾎ Ẃ⁄╥Є​ ѬҒ☻כ Ȳ֪ᴖ ӣ NbS

Ȳɔ ӣ֯ϱ Ѭ ∂Њ₤щ Ѭ Ȳṳἷ ᵅ֮ᾼᾈ☼

ц֯☻ӛ ẃⱢᾈ☼ ẁῈ Ȳ ᴖḂ ☻Ѭ

(European Environment Agency, 2021)ȷ֯ ȲɶBlue-Green City 

Hamburgɷ ӭ ᴥ(ᾈ☼ȳ ᾜ)ế ᴥ(е ȳ ֮) ד╟

Ȳ֥Л Ϡ₨Ӏᾼᶼ☻ ϩȲ ‚ Ϡ₨ӀӢ Ṇ ᾼ

(Kabisch et al., 2016)ȴױҵȲМ ᾼ ₨Ӏ∂ Ғ₨

Ӏ ֮ȳ ֮ế​Ѭῧ Ȳ сϠ₨Ӏᾼ​Ѭ ếϯ ϩȲ

Ɫ в ȳḂ Ѭ ế сӢ ֵ ἤ ẁϠצϩќ═(Li & Li, 

2019)ȴ ṷ ẂῶὙȲ ᴥ ╟ ╟ᾼ ֥Л

צ Ѭ ╚ Ȳ с₨Ӏᾼῂ ế ἤȲⱢԓ Ẕ҃

֮ ᾼ ᴿ ẁϠ ᾼ ᴕȴ 

֯ פֿ Ӂ ᵌᾈ М Ӧ Ғ☻ӛ Ѭ ȳ֫

Ѭ цӘ ѬṆ Nbsד ṿᾈЎ ṎȲ ױ ᵅ Ὼ

ᴰ׃ ếе вᾼ☻Ѭ (European Environment Agency, 2021)Ȳ

Ἦѝᾈ(River Glaven)ᾼӢ ⌠ ӭᵛ╥Ϛ ғᾼכ ẂȲ

ю ế ⇔ ᾼ Ȳ⌠ ᾈ☼ ☻ӛ ᾼѬѝ ἤȲ

сϠ ☻ ϩếӢᾬֵ ἤȲ ӱϠᴞ Ѡֽᴶצ Ḃ Ӣ Ṇ

ὢ ȴ 

֯ԓ вȲNbS Б ᾛ ӣὑ с☼ ᾼ Ḃ

ϩȴẂֽȲ֯ ѩṸᾼᾌ Є☼ Ȳ ɶἂἮ Ӣ Ṇ ’

⌠ ɷ Ѝ Ḿ(ἂἮ ) ᴩ’ ế⌠ Ȳ Ḃ ϠѬ

ếѬ оғ Ȳṳ Ϡ☼ ᾼӢᾬֵ ἤế

ϩ(Murcia & Guariguata, 2014)ȴ ᴿ֮Ȳּר ֯ ᴫᴫѩᾈ☼ ╟

ᾼɶᴞ Ѭ ⌠ ӭɷ ⌠ ֮ế ∂ᴞ ᾈ Ȳ юϠ☻

Ѭ ṳḂ ϠѬ Ȳ֝ Ϸ сϠ ֮ ᾼӢ Ṇὢ (Opperman 
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et al., 2010)ȴ֯М Ȳ ᴂ☼ ᾼɶ ᴥ ᴂɷ Ὥȳ

֮⌠ ế Ӣ Ȳ юϠᾇḘ ế☻Ѭ Ȳṳ⌠ Ϡ☼

вᾼӢ Ṇ ғ (Wang & Shao, 2018)ȴ 

 

 
 2-5Ӗ ῂ ὑᾈЎ☼ ӣᴞ Ѡᾎ ᴷП Ẃ(іӣᴞ: Sinha et 

al., 2021) 

ѿ ᵌҖ ἮѝᾈᾼӢ ⌠ ⱢẂ(  2-6)Ȳ Ἦѝ

ᾈ ϢЏᾙװֵ ȲҔ╗ ȳ Ṯ∂ ѿ’ ӥᵍắ☻Ѭ–
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ȴῺדẃȲ ᾈ☼ Ẕ☻ӛ ᾼדФᵂӣ ᴩϠ ế שׁ

ṅȲ֯ס ⌠ ᴞ ᾈ☼ ế ᾈ☼ ֮ẃ с

֮₇ ȴ ӭ ӣ MIKESHE/MIKE11Ѭѝ Ѭϩ ֥ ₤Ȳ

ᴷ☻ӛ ᾼכ ȴ֯ ҭếῂ ￼ МȲ Ἦѝᾈ ֪

Џ ḖḂ Ѭ ᵽȲᾈᶩ ֽ ᾈ ếѬ Ṽ ׀ Ȳ֯ᶋ Ϡᾈ

☼ᴞ ☼ ȴױҵȲᾈ◕ Ḃ Ɫ ᾈᾭȲѹ ᴩϠ ⇔Ғ ế ѬȲ

ѿ Ӣ ϩȴᴞ 20ѷּנ ᴟ҅ד70 Ȳᾈ҅ד80 ֵ

ᾈᶩ ᵅȲ Ẕ☻ӛ ϚḔи Ȳᾈ ᾼ Ё ӣẃ∂ Ȳ

Ϡᾈ☼ᾼӢ ȴ ю ế ⇔ о ᾈ☼ ☻ӛ

Ѭѝ ἤᾼ Ȳѿ ☻ ϩếӢᾬֵ ἤȲḂ Hunworth 

Meadows☻ ế☼Ϥᾈ☼ᾼ ѬᴞӦ⇔ȴὊ ∟Ȳ☻ӛ

֯ Ѭᴯ ᾛ ḥȲṳ֯Њ ☻ѬМ‚ ᾈỴ ᾼứ

ḥȲ ϚḔḂ Ϡ֫☼ᴟᾈ☼ᾼ ѬṆ Ȳ ҒϠ֮ϯѬᴯế

Ȳṳ ϠḆᴞ ᾼ☻Ѭ ѬѝᾭᾓȲ Ӣ Ṇ ғ (ֽ

֮ ἤế ἤ)צἬ ȴ ᴖṕȲ Ἦѝᾈᾼ⌠ ӭ

ӱϠ ⌠ ᴞ ᾈ☼ ế ἤȲֽᴶצ сӢᾬֵ ἤế

Ḃ ☻Ѭ ȴ ЏᵂЛ ‚ ϠӢᾬֵ ἤȲ Ḃ Ϡᾈ☼

֮ᾼ ếғ Ȳ╥Ϛ ֵѠ ᴕ цῂ Ḗᾼכғ Ẃȴ

ṷ Ẃ҉и ӱϠᴞ Ѡ֯☼ Мᾼ ϩȲⱢԓ Ẕ҃☼

ᾼӘ ẁ ᾼ ế ᴕȴ 
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 2-6 Ἦѝᾈ(River Glaven)ὑ Hunworth Meadowᾼ⌠ ᴯ 

в Ẃ 

֯ Ȳ☼ ᾙ ᴞ Ѡᾼ ֥Ϸ ȴ ⅜ ☼

ᾼӢ Ṏȳү⁮ϝῖ ֮ᾼӢ ’Ṏ(ү⁮Ӏ╜Ἀ ’ ᶝȲ

2019)ѿцӰ Ѭ ᾼѬ ’ ( Ѭᵓ Ȳ2021) ẂȲ ӱ

֯ ѬЁ’═ȳ☻Ѭ ếӢ ’Ṏ ╚ Ȳֽ ᴶ ӣᴞ

Ѡẃ сӢ Ṇὢ ṳ‚ Ә ȴ ṷ Ẃ ⌠ ᾈỴ

ȳ∂ ϢЏ ȳ֮ צ Ӣ ȳӢ ṎȲ

ѿцᾈ ᴞ оЏ (ѬЁ’═ᶝȲ2020)ȲЛ Ḃ Ѭ ếӢᾬֵ

ἤȲ с☼ ᾼӢ ғ Ȳ ׀⅔ ϩȲ ᴖצ

ᾼ╚ ȴ֯ ȲҠ ᴩПᴞ Ѡ ╟Ҕᵶ: 

ᾈỴ ᾼ⌠  
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ᾈỴ ᾼ⌠ ế’ Ȳ Ӣ ᾬȲṮѦЁ –

Ȳ юᴆ╬ᾬ ϤᾈЎȲṳ ẁ ֮ѿ ҒӢᾬֵ ἤȴ 

ϢЏ ֮ᾼ∂  

֯ ὔắẞ☻Ѭ– ᾼ ∂ ϢЏ ֮Ȳ Л ҠѿᵂⱢ

☻Ѭ Ȳ ю☻ḳ Ȳ Ҡѿ оѬ ȲṳᵂⱢ ᾼצ

Џẓȴ 

צ Ӣ  

ю ếоῑᾼṿӣȲ ᵍ ᴆ╬ Ѭ ᾼ Ȳ

‚ Ӣ Ṇᾼ ȴ֝ Ȳ ֵ оᵂᾬế’ ӥ

Мᾼᴞ ֮ẃќ═Ӣ Ṇὢ ȴ 

Ӣ Ṏ 

֯☼ в Ӣ ṎȲ ֮ỰӖ ⅎ

ᴞ ᾼ ’ ȴ Л ’ᵗὑצ ֮Ӣ ȲϷ

‚ ֮Ѡ ȴ 

ᾈ ᴞ оЏ  

ᾈ ᾼᴞ оȲҔ╗Ὂ ЛӇ ᾼ ṮếϢ Ȳ⌠

ᾈ☼ᾼᴞ ☼ ȲḂ ᾈ ☻ӛ ᾼ ἤȲ ᴖ сѬѝ

ứἤếӢ Ṇ ᾼ⌠ ϩȴ 

ṷѠᾎ ֥Ϡᴞ ѠếӢ Ṇὢ ᾼ ἘȲ ֥ ӣὑ

ᾼЛ֝☼ ȴ ṷ ȲҠѿצ с☼ ᾼӢ ғ Ȳ ю

ϢⱢД Ȳ ☼ ᾼ ϩȲ ϚḔ‚ ᾼ

Ә ȴ 

вҵ Ẃ֯☼ ѐ⇔ϯȲᾈ☼֮ ṿӣ NbSД ╟ Ϡ

ὂ ☻Ѭḳ Ȳṳѹ Ḃ Ѭ ԈцӢ ғ Ȳ ẂМ ӣᾼД

╟Ҕᵶȸ 

☼ ⌠ ȸ֫ ᾈЎᾼғ Ȳ Ὂ Ἠ ᵅ ȳ ᾈ

ц☻ӛ ᾼ ѿц ═ᾈ ᾼ ἤȴ 

∂ Ѭ ֮Ȳ Ӣᾬֵ ἤȴ 

Ӣȳ Ὥ’ Ȳ ═ѬЁ’═ғ ȴ 
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ḅ֮⌠ ȴ 

ᾈỴ ạ Џ ȴ 

Ӣ Ṇὢ ᾼ ἤ ᴷȴ 

ӣѿϱД ╟П∟ȲẔѠ כ ᴷҔᵶȸ 

☻ ☼ ȳ Ѭ ȳ Ѭ ȴ 

֮ ȳ ֮ ц ȴ 

Ѭ ▐╓҆( ) ȴ 

Ѭ ╓ ȴ 

Ӣᾬֵ ἤȴ 

Ӣ Ṇὢ ᴷȸҔᵶԅ ѿц Ṏғ ȴ 

ᴷѿц ȴ 

ѿϱꞋ ֥ IUCN(2016) ҏП NbS ⁄ȲṳҠ ֵ ╓ ẃ

ᴷ ȴ 

Ϯȳ ᴷѠᾎ Џẓ 

Ӣ Ṇὢ ᴷ 

ɦϾ Ӣד Ṇ ᴷɧ(The Millennium Ecosystem Assessment)

ᵫứ Ӣ Ṇὢ ɦϢ Ҡ Ӣ ṆМ ẞᾼ ɧȲҠиⱢҳЄὢ

ȸẁ ὢ ( ȳѬȳѤḊȳ )ȳ ὢ ( ȳ☻Ѭȳ

ȳ ᾬȳѬ )ȳќ═ὢ (Ё ᶮכȳԏ֥ᵂӣȳ и )ȳѝ

оὢ (ԅ ȳּר ế ϱֻ )ȷ Ϣ ắѝоếᶾ ᾼ

ᴖ о Ἤצ Ȳᵀ Ӑϱ ╥Ṽ ὑӢ Ṇὢ ᾼ

ẁ(Reid et al., 2005, TEEB, 2010)ȴ Ṕ⇔ҏ Ȳ ═ᴞ Ӑᾼ

Ҡ ’ӑ ═ ẁӢ Ṇὢ Ȳ ױ ᵗ ═Ϣ Әאַ

(TEEB, 2010) (  2-7)ȴ 
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 2-7Ӣ Ṇὢ Ϣ אַ כ ἤ( Ḃᴞ: Reid et al., 2005) 

Ӣ Ṇὢ Ҕ╗ѿϯḔ (— Ȳ2021; Riis et al., 2020)ȸ 

ứӭ ế ȸὙ ꜜứ ᾼӭ ế ȲҔ╗ ᴷᾼ

Ӣ Ṇ ₤ȳἬ ᾃᾼӢ Ṇὢ ₤ ȴ 

ᵑӢ Ṇὢ ȸԝҏӢ Ṇ ẁᾼ֢ ὢ ȲҔ╗ẁ ȳ

ȳѝоếќ═ὢ ȴ 

ᴷὢ ᾼ ȸ ֢ ѠᾎếЏẓȲֽӀ ᴷȳ

Ӑᾎȳכ҅ ᴷ ▲ Ȳẃ оӢ Ṇὢ ᾼ ȲҔ╗᾿ ế

ȴ 

ᴷӢ Ṇ ᾭ ȸ ᴷӢ Ṇ ᾼ ᾭ ȲҔ╗Ӣᾬֵ

ἤȳ ֮ᶙ ἤȳӢ Ṇ ғ Ѡ ᾼ╓ ȴ 

ᴷȸ ᴷӢ Ṇ ᾼ֢ № ế ȲҔ╗Ϣ ♄

ȳ оȳЁ֮ṿӣ о ȴ 

ҏ∂ ế ╟ȸ ᴷ ὨȲ ҏ’ ế Ӣ Ṇ ᾼ

∂ ế ╟Ȳѿ Є ⇔֮’ ế сӢ Ṇὢ ȴ 

ֵӢ Ṇὢ ᴷѠᾎҠиⱢẒЄ (Pascual; et al., 

2010, TEEB, 2010) (  2-8)ȸ(1)Ӣᾬᾬ ᾎ(Biophysical approach)ȳ



 

2-21 

(2) ὑϢ ֻᾎ(Preference-based approach)ȴӢᾬᾬ ᾎ ӣɦӢ

Ӑɧᾼכ Ȳ Ӣ ứ ₇Ἠὢ ᾼᾬ Ӑᾼכ М

(Ẃֽ: ȳ Ḗȳ Ἠᾬ ᷾Ϥ)ȴ֯ Ӣ Ṇὢ ế

Ӣᾬֵ ἤ Ȳ Ѡᾎ ᴕ ═ ứӢ ᾭ ᾼᾬ ӐȴӢᾬכ

ᾬ ӣὑ ᴞ Ӑ׀ ᴩᴷ ȲᴖЛ╥ Ӣ Ṇὢ

☼ᾼ ᴷ (marginal valueȸϚ ᴯ ứ ₇Ἠὢ ᾼ ҒἨ

ҵ оᾼ )ȴӣὑ ᴞ Ӑ ᴩᴷ Ἠ ᾼӢᾬᾬ ѠᾎȲ

Ҕ╗ иέ(Costanza, 1980)ȳ иέ(Odum et al., 1996)ȳ и

έ(Naredo, 2001)ȳӢ Ṝ (Wackernagel et al., 1999)ȳᾬ ☼иέ

(Daniels and Moore, 2001)ȳЁ֮ ☼(EEA, 2006)ếϢ ῴ

Ӣ ϩᾼ ӣ (Human Appropriation of Net Primary Productivity, 

HANPP)(Schandl et al., 2002)ȴ 

ד ὑӢᾬᾬ ᾎȲ ֻ Ѡᾎ⁄Ṽ ὑ Ϣ ᴩⱢᾼ ₤Ȳ

ṳ ὑϚ ȸ ὑ Ϣᾼѻ ȴֻ ⱢӢ Ṇ

ᾼ ֯  Ѡ ╥ҠѩᾼȲһ Ϣ ế  ѿцẔ҃

Ӣ Ṇ ᾼ ФҠѩȲ֪ד  Ȳױ о ẁϠϚ ứӢ Ṇ

҅ӣ Ἤ цᾼ Ѡהȴ 

Ӣ Ṇ Ӣᾬֵ ἤ (The Economics of Ecosystems 

and Biodiversity, TEEB)ṿӣ Total Economic Value (TEV)▐ ᴷӢ

Ṇὢ ȴTEV ứ Ɫᴞ Ӑ ֯ếӑẃἬ ӢᾼἬצὢ

☼ᾼ Пế( ᷉ )ȴ ṷὢ ☼(service flows)ᾼ ╥ⱢẔ

ẁᾼ о(marginal changeȸ צ ϯᾼṷ Ἠ )

ᴖ ᾼȴӦὑ֯ ֵῂ МȲϢ Б   ᵂⱢ ᴯȲѿ

  ẃῶ ד ֻҠ Ɫ╜ ạứ῏ ẁצӣᾼ ȴ֯

TEV ▐ МȲӢ Ṇὢ ҏП иⱢẒЄ ȸṿӣ (use 

value) ‍ṿӣ (non-use value)Ȳṿӣ ԛиⱢ᾿ ṿӣȳ

ṿӣȳ Ϯ ȴ‍ṿӣ ⁄Ҕᵶ ȳᵓ҃ȳ֯׀ Ȳч

╣ Ϣ ῀ Ӣᾬֵ ἤếӢ Ṇὢ ẞ’ ȲѿцẔ҃Ϣ ֯

Ἠ ẃҠѿ ṷὢ Ἤ ᾼ Ṝ ȴTEV ▐ МӢ Ṇὢ
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Ẕẓצᾼ ὑῶ 2-4ȴ 

֥ ὑ 2021 ạứϠד Ṇ (System of 

Environmental-Economic Accounting, SEEA)Ȳױ ▐ Ӣ Ṇ ὢ

иⱢϮ ѻ ȸŋ ẁ ᾼὢ ȳ ế Ӣ Ṇ ᾼὢ ѿ

цẓצѝо ᾼὢ (https://seea.un.org/ecosystem-accounting)Ȳṳ

֫ צ ȳῂ ế П ᾼ …ѿцᶺ ֽᴶ ếῂאַ

Ḕᾼ ȴSEEA∂Ӵ֯Х ї љȸӢ Ṇ ȳ

Ӣ ṆᾭᾓȳӢ Ṇὢ ᾬ ☼ȳӢ Ṇὢ ȳ Ӣ Ṇ

љȲṳҠӣὑЛ֝ ѻ ᾼ ȴSEEA ᴷБ ᾛ ӣὑ

ќ ԓ Ә ᾼ╜ ếḟ ☼ ȴ 

Ӣ ᾬ ֵ ἤ ế Ӣ Ṇ ὢ ╜ Ἀ דּ ╜ ӂ ү

(Intergovernmental science-policy Platform on Biodiversity and 

Ecosystem Services, IPBES) ⱢϠ ᴷᴞ Ϣ ᾼ  (Natural 

Contribution to People, NCP)Ȳ∂ӴϠϚ Ἐ ▐ц ᴷ NCP ȴ

ױ ▐ ֵа ȳеӂи ȳ῀ ֥ế ḟה ᾼ

ἤȲṳҠ ӣֵ֯ ȲẂֽ’Ṏ╜ ếӘ ᾼạứȴẔ

▐ҔᵶХ Ḕ ֽϯȸ 

Ὑ ứ ד ᾼ NCPȴ 

ᵑциέЛ֝ᵓ …ϢП NCPᾼֵа ȴֵа

ᵛ֯Л֝ѝо￼ ȳῂ Ἠᵓ ᾼϢȲ֯ ֝Ϛᴞ

ᾼ ᵒ ἬЛצ Ȳ֝Ẃ ȸֽ Ὥ ẃ ╥ѤḊẃ

Ȳ ᴰӖẃ ⁄╥ ᾼ П֮ȴ 

ᴷ NCPᾼ оֽᴶ Ϣ Ӣ♄₇ Ȳṳᴕ Ẕеӂἤȴ 

Ϥ╜ ạứế ḟ ȴ 

‚ ֵа῀ ṆɎҔ╗ּד ῀ ế ᴰӖ῀ ɏᾼ ֥

ḟה ȴ
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 2-8Ӣ Ṇὢ Ѡᾎ ( Ḃᴞ: TEEB, 2010)
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ῶ 2-4 TEV▐ ϯӢ Ṇὢ ᵑ 

ᵑ ὢ Ẃ ᾿ ṿӣ ṿӣ  ‍ṿӣ  

ẁ  ᾬȳ ȳ ȳ

Ӣᾬо ȳ ȳ

₇ȳ Ѭ  

Q NA Q NA 

 Ὲ ₇ ȳ

ȳѬ ȳᴞ

ḳ ȳ ȳ׀

ғ  

NA Q Q NA 

ѝо ѝо ȳ ȳ

Ṏȳԏ ȳּר  
Q NA Q Q 

ќ═/

֮ 

ῴ Ӣ ȳ

ȳЁ ᶮכ  

ќ═/ ֮ὢ Ẕ҃ ᵑᾼӢ Ṇὢ ẃ

ᴷȴ 

NA: ᾎ ӣȴ 

 

ῺҙѷּנȲϢ Ḗ ϯᾼӢ Ṇ Ḃ Ғ Ϡ ȲЁ

֮ᵓӣếЁ֮ о ҒϠϢЀѩẂȲṳ Ӣ Ṇ ӢҽЄ

Ȳ ᴖ Ẕ о(Wang et al., 2021; Kumar et al., 2018; Shukla et 

al., 2020; Shukla et al., 2018; Peters et al., 2019; Wu et al., 2020)Ȳ֝ Ȳ

Ӣ Ṇ юẔ ẁᾼὢ Ȳ ᴖ Ϣ Ӣ♄ế ȴ

Dang et al. (2021)╓ҏὧ⁮Ṹ֮ ᾼӢ Ṇὢ (ecosystem service, 

ES)Ӕ֯ оȲ֝ Ϸ╥ӑẃắᴞ ḳ (Ҕ╗ צ ᾼᴞ

ḳ ) ᾼԓ ֮ ПϚ (  2-9ȳ  2-10)ȴLocatelli (2016)

╓ҏӢ Ṇὢ ׀ :ֽ) ϩȳ ὭѬЁ’═ ϩȳּמ Ὥ Ỵ

’ ) ế צ Є Ȳṳ∂ ᵑ╥֯ М

ȲӢ Ṇὢ Ϥ ế юḳ ᾼ᷾ ֥

(Munang et al., 2013ȷLocatelli, 2016)ȴ 

Ekka et al. (2020) צ ᾈ☼ Ӣ Ṇὢ ᾼד ѝ Ȳ

Ϡ ᾈ☼ ᾼ Ӣ Ṇὢ П ᾼ …(ῶ 2-5)ȴׁשṅ Ȳ

ֵϢ ♄ Ȳֽ: іѬȳЁ֮ᵓӣᾼḂ ȳ ֮ ᾼ оȳ

֮ϯѬᾼἼậȳᾈ☼ᾼḂ ȳѬ ∂ ȳ+Ӱ Ȳ Ӣ цῂ

ѝо Ϡכ ȴ֪ Ȳ֯ױ Ӣ Ṇὢ Фד

֥ Ȳ ᴕ ῂ Ӣ П ᾼדФ ȴ 



 

2-25 

 

 
 2-9 (a)Ӣ Ṇ ₤ ẂиӁ ᾓȷ(b) ֢ ᾃПӢ Ṇ ₤ Ẃ(іӣ

ᴞ: Dang et al., 2021) 
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 2-10 Л֝Ӣ Ṇὢ ₤ὑ֢ Ẃ ПиӁ (іӣᴞ: Dang et al., 2021) 

Ekka et al. (2020) ᾈ☼Ӣ Ṇὢ иⱢ ẁὢ ȳ ὢ ȳ

ѝоὢ цќ═ὢ ҳЄ (ῶ 2-6)ȲҔ╗: ᾬӢ ȳѬ ȳ

ȳ ȳщ ᾬ ֵ Ӣ Ṇὢ ȴױҵȲӢ Ṇ ὢ

Ҕ╗Ệ ᵂӣȳѬ оȳ☻Ѭ ȳ ạȳῈ ᴆ╬ ạȳ

– ạ Ȳ֝ ẁϠ Ṏȳᾬ ֵ ἤ ȳӢ ȳ

ѿц רּ Пѝоὢ ȲѿцЁ ’ Ṏоȳῴ Ӣ

ȳԏ֥ᵂӣȳ ֮ ẁ ֵ ᾼќ═Ӣ ὢ ȴⱢṮѦӑẃ ҷȲ

֢ Ở ᴩӢ Ṇ ȲKӭᾼ╥ Ӣ ᾭȳ ᴷ о אַ

ᾼ Ȳṳạứ’ ếӘ ᵓӣӢ Ṇ ᾼ ȲⱢ╜Ἀ╜ ẁּד

Ṽ ȴ 
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Ӣ Ṇὢ ᴷ ₤╥ ᴷ  NbS ᾼ ЏẓȲҔ╗ 

InVEST(Integrated Valuation of Ecosystem Services and Tradeoffs)₤

ế MAES (Mapping and Assessment of Ecosystem Services) ₤ȴ ṷ

₤ о NbS Ӣ Ṇὢ ᾼ ȲẂֽѬ Ḃ ȳ ế׀

Ӣᾬֵ ἤ ȴSeddon et al. (2020) ế Harrison & Saito (2014)ṿӣ

ṷ ₤ẃ ᴷ NbS ֯ оếẔ҃ԓ ╚ Мᾼ Ȳ

ṷЏẓ ẁϠứ Ȳ ᵗḟ ῏  NbS ᾼẓ ȴֽ Ḇ

ϚḔ ᴷЊѐ⇔ NbS (ᾈ◕/ῂ ѐ⇔)П Ȳ Џẓֽ HEC-

RAS ế ֯(₤ Land Surface Temperature (LST))ה

ᴷ NbS ᾼẓ ӣМẓצ ᵂӣȴGeneletti & van den Berg 

(2020)ṿӣ HEC-RAS ₤ ᴷ NbS ֯ ю☻Ѭ ᾼ ὨȲᴖ 

Mullaney & Lucke (2019)⁄ᵓӣ ẃиέה ᴥ

╟ ю₨Ӏ ᾼ Ὠȴ 

֯ῂ Ṕ⇔Ȳ⁄צ ֵ ứἤה ᴷѠᾎȲҔᵶ ה

֮ ᴷȲẔ ῂ ֯ NbS ᴷᾼ ἤȴ

Raymond & Kenter (2016)ṿӣ ֮ה ᵂЏẓ(OpenStreetMap

ц GIS)ẃן циέῂ  NbS ᾼכᾎȲЛ ẁϠῂ ᾼ

ч ȲϷ‚ Ϡе ȴNesshöver & Lindhjem (2018)⁄ ứἤ

Ѡᾎế ᴷֵ֯ װ ᴷМᾼ ӣȲ ẁḆҒԓ ᾼ Ὠ ᴷȴ 

֥ ᴷЏẓ⁄ ֵ֥ ᴷѠᾎế ẃ ȲҔ╗ ȳ

╓ếה ȴZhang & Li (2021) ֵ֥ Џẓ(InVESTȳHEC-RASȳGIS

)ẃ ֥ ᴷ NbS ᾼ Ȳ Л֝ѐ⇔ᾼ ᴷЏẓȲ ֥иέ

NbS Ӣ Ṇὢ ȳ ếῂ Ѡ ẃП ȴ ṷ

ЏẓếѠᾎ ẁֵ ȳֵװ Ṕ⇔ᾼ ᴷ ▐Ȳצᵗὑԓ ᴞ

Ѡᾼֵ ȲṳⱢד ḟ ẁּד Ṽ ȴ ṷ Џẓ ᴷ

ᾼῈ ế ѐ⇔ϱᾼ Ȳ ᵗ ȳ о NbS ᾼẓ ȴ 

  



 

2-28 

ῶ 2-5Ӣ Ṇὢ ᾈЎ֮ П ἤ ( ᴞ: Ekka et al., 2020) 

ᾈЎ֮ /Ё

֮ᵓӣ 

ẁ ὢ  ὢ  ќ═ὢ  ѝоὢ  

Ѭ

ẁ  ♄  

ѤḊ

ẁ  

☻Ѭ

  

Ѭ

о 

Ё

 כ

֮

ẁ 

רּ

Ӣכ Ӣכ 

Ṏ

ὢ  

ᾈЎ ⇔ ***        **     

Ӂ         ***  ***  *  

ᾈЎ₤     *    ***  ***  *  *  ***  

 ***        ***     

☻Ѭӂ

Ὥ 
*   ***  ***  ***  ***  ***  ***  ***  ***  ***  

ᾈỴ   *   **   ***   ***  **  **  *  

ӣ֮  *    **  ***       

Ӏӣ֮     **  ***   ***  *  **  **  

Ѭ цѬ  ***        **  ***    ***  *  **  **  

*҅ῶ ἤ ᵅȲ ᴥⱢӔ Ȳ ᴥⱢ ȴ 

 
ῶ 2-6ᾈЎӢ Ṇὢ ₤ ( ᴞ: Ekka et al., 2020) 

ẁ ὢ  ὢ  ѝоὢ  ќ═ὢ  

ᾬӢ Ṏ ׀⅔   Ё  ׀’

Ѭ ẁ Ѭ о ѝо  Ё  כ

֪І  ☻Ѭ   ᴞ Ӣ ϩ 

ю   ẁ  ḳ רּ   ֮ẁ  

ᴞ ᾬẁ  – ạ     

 

IUCN NbSԓ ᴞᶺ ᴷЏẓ 

ὑ IUCN ᾼ NbS ╓ ȲIUCN ∂ ᴞᶺ ᴷЏẓ(self-

assessment) (https://nbs-sat.iucn.org/)ȲӦ 8  (criterion) ế 28

╓  (indicator) כȲ ᴷϢ Ҡѿ █ ᴷ Ѡᾎ ֥ NbS

П ⇔ȲἨ╓іϢ ᴞ Ѡ(Design new Nature-based 

Solutions)ȳ с╜ ᵑЛṜ(Upscale pilots by identifying 

gaps)ȳ ҟᾼ ếӑẃᾼ (Verify past projects and future 

proposals) (IUCN, 2024)ȴ 

֢ ╓ צ 4 иṆ (  2-11)ȸЛṜ(Insufficient)ȳ и
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(Partial)ȳṜ (Adequate)ȳ (Strong)ȷṳѿ ᴥ ӱ ȲṼᶧȸּמȳ

ȳ ᴥȳ ᴥȴ иӇ ֯ɦ ӦɧԝМ Ὑ֥ ἤȴד

ᴕѝ ȳҏᾪᾬế ẃ ᾼ Ӈ ֯ɦ ѠᾎɧϚ М ẁȴ

∟Ȳ ᾼи Ȳṳ ῶ ế ֣ ẁД ╟ IUCN

ԓ NbSØ ᾼ Ṽ ἤᾼ ᴷȴֽ ᴷᾼД ╟

ẞϚ Ἠ Ȳᵀ иЛṜȲ⁄ ⱢЛ ֥ IUCNᾼ NbS

Øԓ ȴ ᴖȲ ᴞᶺ ᴷЏẓṳ‍ӣὑ Ȳᴖ╥ ᵗứ

ֽᴶḂ Д ╟ѿḆ ֥ NbS (Le Gouvello et al., 2023)ȴ 
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3-1 

Ϯ  ∂Ӵᴞ Ѡ ᴷѠᾎ 

Ϛȳ∂Ӵᴞ ѠЏẓ  

ᴕ Ѭᵓ Ȳ ɦḳɧ ѻ ╥☻ӛȲҠД П

Ὲ ⁄ⱢᾈЎᾈ◕ Ȳֽ ☻Ѭẞ ȴ֪ױȲӭ›Ἤ ᾼЏ

ẓѿ☻ḳד ⱢѻȲṳ ᴕ ESVD (https://www.esvd.net/)ȳValuES 

(http://www.aboutvalues.net/)ѿ ц IWRM Toolbox (Integrated Water 

Resources Management, https://iwrmactionhub.org/)Џẓ ȴӐ

ПЏẓ ẁȸNbS Ϥ☼ ȳNbS ӱ ὰ ד Џẓ іȴЏẓ

Ϥ☼ ӱ ὰ ẁ∂ NbS ХЄḔ ṳẻ IUCN

ᾼ NbS ȲḆ ᾼ╥ȲҠ ᵗѬᵓ цἬ ᴯȲ֯ ȳ╟Џц

◕Ȳ ᴞ Ѡ ᴷѠᾎ Ϥ ᾼ МȴNbSד

Џẓ іҔᵶ Юц Ὑ֯ Deeksha and Shukla (2022)М ẞᾼӢ

Ṇὢ ᴷЏẓ(ῶ 3-1)Ȳṳ ֫ вҵ NbSד ᾼ ȲЏ

ẓ Ҕᵶ ȳ ȳה Ẃȳ ȳ ▐ ╓і ȴ֪ױȲЏẓ

ᾛן Џ (ἨД њ◕)ӢỄ вҠ ṿӣП ᴷ▐ ȳѬѝȳѬ

ѿцѬ ȳӢה Ṇ ᴷѠᾎȴ 

Џẓ ПЏẓ і 

ӐЏẓ ПЏẓ і(  3-1)ⱢД њ◕֯ḕ ╟ᵂ ◕Ἤ

ᾼ֢ Џẓṳ ᴩи (  Ϛ)ȲиⱢҳЄ ȸ 

х ╓і̅ן Ә ᵓӣӢ Ṇ П ȳ ᴷ╓

іȴNbSᾼ Ἐ ṿӣ֯Л֝ᾼ Л֝ᾼ Ȳ NbSᾼ​

▐ϯ(  2-1)ȲҔᵶᵅ ȳ ᴥ ∂ Л֝ѐ⇔ᾼ

▐ Ҕᵶ֯ NbSἉϯȴ 

ᴷȴиⱢẒІ ӭȸ(B1)╓ ȷ(B2)ḟה ќ

Ṇ ȴB1 ☼ ᾙ ױ ӭן Ѭѝ/Ѭ ȳӢה Ṇὢ

ᴷ╓ ȳ Ẕ҃ ᴷ╓ ȷB2Ҕᵶד ḟ ᵗЏẓȳ ▐ȷ

ֽ LCAѿц IUCNᾼᴞᶺ ᴷЏẓȴῶ 3- 7ᴟῶ 3- 11 ӱ и

ה ḟ ᵗЏẓȴ 



 

3-2 

ῶ 3-1Ӣ Ṇὢ ᴷЏẓ  ( ᴞ Deeksha and Shukla, 2022) 

Џẓ ן ὑ 

Џẓ  

Ὑ 

InVEST ╥ ṓ Deeksha and Shukla (2022)вѝȴ 

SWAT ╥ 

ARIES ╥ 

LUSD-urban ╥ 

SLEUTH ╥ 

CLUE-S 

(CLUE) 
╥ 

CN ᵡ Deeksha and Shukla (2022) вѝ ὙȲѹ ᴕѝ ȴҠ

֤ ȸCA-Markov (B2-012) 

MIMES ╥ Deeksha and Shukla (2022) вѝ ὙȲѹ ᴕѝ ȴҠ

ⱢȸMultiscale Integrated Model of Ecosystem Services, MIMES 

(B2-009) 

ESTA ╥ Deeksha and Shukla (2022) вѝ ὙȲѹ ᴕѝ ȴ ᴿ

֤ / ȸESAST (Ecosystem Service Assessment Support 

Tool)ȳEcosystem Service Trade-off management frameworkȳ 

ESAT (ecosystem service assessment and visualization tool)ȴ 

LPT ᵡ Deeksha and Shukla (2022) вѝ ὙȲѹ ᴕѝ ȴLPT 

Ҡ ҅ῶȸLandscape Pattern Transformation, Linear 

Programming Techniqueȴ 

LUCI ╥ Deeksha and Shukla (2022) вѝ ὙȲѹ ᴕѝ ȴҠ

╥╓ȸLand Utilisation Capability Indicator (LUCI) 

 

Ẃ Д ȴиⱢẒІ ӭȸ(C1)Д њ◕ȳ(C2) ȴC1ѻ

Ɫ☼ МҠ ӣᾼ ӴД њ◕ȷ ᾼД ╟ѻ ẃᴞ

WWNPѿц NFM (Natural Flood Management) Ἤ ậᾼᾈ

ᾙњ◕ⱢѻȴC2 Ҕᵶׁשṅ Ẃȳ ֥ ᵫȳ ȸϚ Ἠ ֥

ֵ Д њ◕ѿц ᴷѠᾎȲἨД њ◕Ю /ṅשׁ/ ȴ 

ȲҔᵶ ѿц ד Џẓ ȴ 

ӐЏẓ ṳ‍Ҕᵶẞ ᴩ NbS МἬצ ᾼЏ

ẓȲױЛṜҠӦ ד Џẓ ȷ ד Џẓ (ֽ IWRM 

ToolsȳPRAGMO) ԝὑ D МȴIWRM Tools в Ҕᵶ╜ ȳ

ד ῏ ȳ ᴷȳ Ἤ ПЏẓȷPRAGMO (Practical River 

Restoration Appraisal Guidance for Monitoring OptionsȲ ӣᾈЎ Ṏ

ᴷ Ѡ ╓⁮) ẁϠϚ ᶧȲӣὑ ȳ ἤȳ
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ד╟ ᾼ ȳᾈ☼ ₤ếҠӣ  ẃ ứ ᾼ Ȳ

╓⁮Ӧ Ӵ‍ ᵓ  (the River Restoration Centre, RRC) ∂

ӴȲ֯סẦᵗἬצ Ϣ ạứ ӭ ȲW ⱢᾈЎ Ṏ ᾼϚ

иȴ 

 

 
 3-1Џẓ ПЏẓ ів ( и ) 

 

ῶ 3-2Џẓ М и ה ḟ ᵗЏẓ 

֤  Ю ₤ 

InVEST (Integrated Valuation of Ecosystem Services and 

Tradeoffs, 

https://naturalcapitalproject.stanford.edu/software) ḟ

ќ ЏẓȲ ế ᴷẃᴞЄᴞ ᾼ ₇ếὢ

Ȳѿ ═ế ṜϢ Ӣ♄ȴⱢᵍ ȲҠӣὑ

Ѭ ȳ֮ ѐ⇔Ӣ Ṇὢ П оȴ 

Ϥ Ҕᵶ:֮ᶮȳЁ֮ᵓӣȳӢ ȳῂ ד

Ὲ Ἠ ȴ ҏ ὨҔ╗Ӣ Ṇ ὢ ᾼ

Ὲ иӁȳ ц ᴷȲ ᵗḟ ῏

ᴞ Ϣ ᾼאַ ȴ 

ḟ ќ

Џẓ 

MARXAN  (https://marxansolutions.org/)ḟ ќ ЏẓȲ ᵗḟ

῏᷄ẞ ḟ’ ᾼṏֻ ḟѠ (֮

)ȴ 

Ϥ Ҕ╗: аȳ’ ӭ ȳᾬ иӁ ȳ

Ӑцכ Ὼἤ ȴ ҏ ὨҔᵶ Ṿ ȳ

ȳӭ דц⇔כ ӐиέȲכ ᵗḟ ῏

ᴷ’ ᾼ ἤȴһ ᾛ ӣὑӢᾬ

ḟ ќ

Џẓ 

https://marxansolutions.org/
https://marxansolutions.org/
https://marxansolutions.org/
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֤  Ю ₤ 

ֵ ἤ’ ȳ ◦’ ȳЁ֮ᵓӣ ц

Ȳ ẁּד ѹ ᾼ’ ∂ ȴ 

LUCI (https://github.com/lucitools/LUCI_SEEA) ḟ ќ

ЏẓȲҠ Ӣ Ṇὢ ᾭᾓ ᴩ∂ Ȳṳ ứЁ֮

ᵓӣЮϤἨ оҠ Ḃ Ӣ Ṇὢ ᾼᴯ ȴ 

Ϥ Ҕ╗:Ё֮ ȳ֮ᶮ ȳѬѝ ц

Ё ἤ ȴ ҏ Ὠ Ё֮ ừἤ ᴷȳӢ

Ṇ ὢ иӁц ∂ Ȳ ᵗḟ ῏ оЁ֮ᵓ

ӣѿ сӢ ῂ ȴLUCI ᾛאַ ӣ

Ѭ ѐ⇔ ȳѬ ȳ☻Ѭ ᴷц

Ӣᾬֵ ἤ’ Ȳќ═Ҡ═ ᾼЁ֮

╜ ạứȴ 

ḟ ќ

Џẓ 

MODFLOW (https://water.usgs.gov/water-

resources/software/MODFLOW-6/) (MODular three-

dimensional groundwater FLOW model) ╥Ӧּר

֮ ▲ἬɎUSGSɏ П֮ϯѬ ȲⱢה

צ иᾎ ПϮ ế֮ϯѬ☼  ȴה

Ϥ Ҕ╗:ᵶѬ ֮ (ֽ … ȳ Ѭ

… )ȳѬѝ Ԉ(ֽѬᴯȳ Ѭ )ц ꜜ Ԉȴ

ҏ Ὠ ẁ֮ϯѬᴯиӁȳ☼ Ѡ֣цѬ ӂ

Ȳќ═ ֮ϯѬ ᾼ ȴ

MODFLOW Ҡ ӣὑ ẞ֮Ѡѐ⇔ᾼ֮ϯѬ

ᴷȲ ᾛӣὑ֮ϯѬ ȳᴆ╬ ạȳ

ᴷцѬѝ֮ ṅשׁ ȴ 

֮ϯѬѝ

 

LCA (Life cycle assessment)ᴷ ₇ἨṆ ᾼ ӢỄ

М о ֯ᾼ ȴЄ ϱҠиⱢҳ

Ḕ ȸӭ ꜜứȷӢỄ иέȷӢỄ׀

ᴷȷ Ὠȴ 

Ϥ Ҕ╗: Ḋ ṿӣȳ ȳ Ὅ ц

ȳ ȳṿӣế ◕ᾼד ȴ ҏ

Ὠ о (ֽ Ṝ ȳѬṜ )ц ᵓӣ

Ȳ ᵗ ᵑḂ ṳќ═Ә ḟ ȴLCA Ҡ

ӣὑ ₇ȳԍ ȳ ц ѐ⇔Ȳ ᾛӣὑ ᴥ

ȳ╜ ạứȳ цẁ

ȴ 

Ӣ Ṇ

ᴷ 

HEC-RAS (https://www.hec.usace.army.mil/) /‍ ☼ᾈ☼

Ѭϩ ȲҠ ᴩϚ ứ ☼ȳϚϡ ☼Ѭ

Ѭ иέ 
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֤  Ю ₤ 

ה ȲҫҠ ᴩ +ц ᶩ ה ғ Ȳ

иέҠ ᴩᾈЎѬ цѬ ה ȴ 

Ϥ Ҕ╗:☼ ȳᾈ ᴶᶮᾭȳ֮ᶮ

цѬѝ Ԉȴ ҏ Ὠ ẁѬᴯȳ☼ ȳ☻Ѭ

цѬ☼ Ȳӣὑиέ☻Ѭ цѬ

ȴHEC-RAS Ҡ ӣὑ֮Ѡẞ ѐ⇔ᾼѬ

ѝиέȲ ᾛӣὑᾈ☼ ȳ☻Ѭ ȳ ╟

ц ’ ȴ 

SRH-2D (https://www.aquaveo.com/software/sms-srh)ϡ Ѭ

ᶩ ȴּר ᶝ ᾼѬϩ ₤Ȳһ ֥

Ϡ‍ Єế ứᾼ Ѡ ѿц ᾼ

ᾎȴ ₤ṿӣᾼ▄ἤ ҠѿҔᵶԉ ᶮᾭᾼ

аɎҳ ᶮếϮṔᶮ аɏȲ ᴖ ϠḖ ⇔Ȳ

֝ Є ⇔֮ юϠ ḖȴSRH-2D ∂

ӣ ᶧҔ╗ẓצᾈ☼ Ȳ ȲᾈЎȲќ ế

ן ѿц ᾭ … ᾼ☼ ȴSRH-2D ‍ ֥

ᶝ ☼ Ȳ ☼ ☼Ȳה ԛ Ȳ ֣ ⇔

оѿц Ỵế ϱᾼ☼ ᴩ∂ ȴ 

Ϥ Ҕ╗:֮ᶮ ȳᾈ ᴶᶮᾭȳ ꜜ Ԉ

(ֽ☼ ȳѬᴯ)цᾇḘ ἤ ȴ ҏ Ὠ ẁѬ☼

⇔ȳѬ иӁȳᾇḘ– цᾈ ᶮ

оȲ ᵗ ᴩᾈ☼ ϩ цӢ иέȴ 

Ѭ иέ 

SWMM SWMM רⱢּה ’ ӭ›֯ԓѷꜜ ᾛ ӣ

ὑ₨Ӏ֮ ᾼ ​☻ѬȳϯѬ ȳ ᴆ ѿцẔ

һ ѬṆ ᾼ ȳиέế ȴ ӼҠ֝ה

ᴕ ֮ϯѬȳ֮ῶϤ ֪ІȲ ᾼᾪӐḆ

ϤӢ ᴃȳϤ ȳֵэ ȳ​

ᵅ ╟(LID)П ᴩ ☼

ȴ 

Ϥ Ҕ╗: ​ ȳЁ֮ᵓӣ ₤ȳ Ѭ

цѬѝѬϩ ȴ ҏ Ὠ ẁ ☼ ȳѬᴯȳ

☼ цᴆ╬ᾬ ҏ Ȳӣὑиέ ​ ☼

цѬ ȴSWMM ӣὑ₨Ӏѐ⇔ᾼ ☼ ạ

ѬṆ Ȳ ᾛ ӣὑ​☻ ȳ ╟

ȳᴆ╬ ạц ᴷ ȴ 

Ѭ иέ 

FLO-2D Ѭиέ Пה ӣ (https://flo-2d.com/flo-2d-

pro/)ȴFLO-2D Ӧּר  FLO-2D еҨ Пϡ ☻

Ѭ иέ 
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֤  Ю ₤ 

Ѭḳ רȲⱢּה ṩ≡ ɎFEMAɏ

ҠПϡ ȲҠӣὑה Ӏ Ѭȳ☻Ѭӂ ȳ

Џ ȳЛ ⁄ᶮᾭᾈ Ѭ ȳ

♂Ѭ ☻ᴃѬ ȲҠѿ ֮☼ȳ

ӀѬѝȲᾇ☼цЁӰ☼ȴ 

Ϥ Ҕ╗: έ⇔֮ᶮ ȳ ​ ȳЁ

ἤȳ☼ ꜜ Ԉц֮ ⇔ ȴ ҏ Ὠ

ẁ☻Ѭ ȳѬ ȳ☼ цᾇḘ– иӁȲ

ᵗ ᴩ☻Ѭ ᴷцṮḳ ȴ 

SOBEK ӣ Ѭ

(https://www.deltares.nl/en/software-and-

data/products/sobek-suite)ȴ SOBEK ╥ Ӧ  

WL|Delft Hydraulics Ἤ Ȳ╥Ϛ ғ Єᾼ

Ṇ ЏẓȲӣὑҔᵶϠ☻Ѭ ȳ ѬṆ Ṿ

оȳ Ṇ ạȳѬ ᵂȳϯѬ ȳ֮ϯ

Ѭ ạ ȳ ᾈ ᶩ ȳ Ѭ ạ Џ ᵂ

(https://sobek.softhome.com.tw/?page_id=908)ȴ 

Ϥ Ҕ╗:ᾈ ц ѬṆ ȳ֮ᶮ ȳ

​ ☼ ꜜ ԈѿцЁ֮ᵓӣ ₤ ȴ ҏ

Ὠ ẁѬᴯȳ☼ ȳ☼ иӁцѬ оȲӣὑ

иέѬ Ṯ☻ ѬṆ ᾼ ȴ 

Ѭ иέ 

NTU-2DFIM (https://dananddian.weebly.com/)Є Ѭ

ȴה Є Ѭ ה NTU-2DFIM Ҡᴕ ​Ѭ

ϯѬ ȳᾈЎ Ѭ ц֮ῶ ֮☼ Л֝☼ᾓȲ

ᴩ ц ֥ȴϯѬ Ԍіӣּר ’ (U.S. 

EPA)Ἤ שׁ П ​ ה (Strom Water 

Management Model, SWMM)П֮ῶ ☼(RUNOFF)

ц Ѭ(EXTRAN) ᴩ ȴ 

Ϥ Ҕ╗:ᾈ ц ѬṆ ȳ֮ᶮ ȳ

​ ☼ ꜜ ԈѿцЁ֮ᵓӣ ₤ ȴ 

Ѭ иέ 

Tank model (https://www.wrap.gov.tw/cp.aspx?n=26283) 

​ ᴩ ḖᾈЎ☼ ȴѬ и в ṿ

ӣПѬ ה ȴ 

Ϥ Ҕ╗: ​ ȳ ц ₤ Ɏֽ Ѭ

ȳ ɏȴ ҏ Ὠ ẁ☼ ☼ ц֮ϯ

Ѭ Ѭѝ Ȳ ᵗ Ѭ ц ☼

оȴTank ₤ ӣὑЊ Ѭ ᾼѬѝиέȲ

Ѭѝ  ה
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֤  Ю ₤ 

ᾛ ӣὑѬ ᴷȳḅḳ ☻Ѭ ц☼

ṅשׁ ȴ 

WRASIM (https://www.wrap.gov.tw/cp.aspx?n=39935) ӣἤ

Ѭ ẁ ᵓӣ …ȴה ү ֮

ПѬצ Ȳѿ ἤ ЊכӐ ☼ Ɫ

Ἤ ᾼϚ ӣἤ Ѭ ӣиέ ה

(ỂϞ  & ᵦ ѝ, 2010) ȴӐ ғЄכӦ…ה

Ȳṳ Ѭᵓ Ѭᵓ и Пד ӣȲ

ⱢѬᵓ ӭ›ѻ ᾼѬ иέ ȴ 

Ϥ Ҕ╗: ​ ȳ ȳ֮ᶮ Ё֮ᵓӣ

ȳ֮ῶц֮ϯѬѝ ȴ ҏ Ὠ ẁѬ

иӁȳѬ ӂ ȳ ☼ ц֮ϯѬᴯ оȲќ═Ѭ

ḟ ȴWRASIM ӣὑ֮Ѡẞ☼

ѐ⇔ᾼѬ Ȳ ᾛ ӣὑ ȳѬ

⇔ȳḅḳ ☻Ѭ ᴷцӘ Ѭ

ȴ 

Ѭѝ  ה

SWAT (https://swat.tamu.edu/)g ☼ Ѭѝ ȴ 

Ϥ Ҕ╗:֮ᶮȳЁ֮ᵓӣȳЁ ₤ȳ

ц GIS ȴ ҏ Ὠ ẁ ☼ ȳ

Ё – ȳ и ҏ ц☼ Ѭ оȲ ᵗ

ᴷѬ цᴆ╬ ạ ȴSWAT ӣὑМЄ

₤☼ ѐ⇔Ȳ ᾛ ӣὑѬѝ ȳ‍ ᴆ╬

ᴷȳ иέцӢ Ṇ ȴ 

Ѭѝиέ 

TOPMODEL (https://csdms.colorado.edu/wiki/Model:TOPMODEL) 

Bevenц Kirkby ὑ Ἤד1979 ҏᾼ Ѭ Ѭѝ

ȴTOPMODELɎTopography Modelɏה Ϛ ​

☼ ȷה ӣ (variable source area 

concept) ☼ȴẔ Ἐ Ȳ юȲ ֥ị֮

Ѭ Ȳ ᾛṿӣὑ☼ иέȳ ᵗѬ

ȳ ЄЊПиέȳ֮ᶮ Ѭ☼П ȴ 

Ϥ Ҕ╗:֮ᶮ╓ Ɏֽị⇔ ☼ ɏȳ

​ ȳ цЁ ȴ ҏ Ὠ ẁ

֮ῶ ☼ȳ֮ϯѬᴯȳ ế иӁц☼ Ѭѝч

Ȳ ᵗ ☼ Ѭѝ ȴ 

Ѭѝиέ 

GWLF (General Watershed Loading Function) Ѭ Ѭ Ѭ

иέ  ȴה

Ϥ Ҕ╗: ​ ȳ ⇔ȳЁ֮ᵓӣȳЁ ἤ

Ѭѝиέ 
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֤  Ю ₤ 

ц ȴ ҏ Ὠ ẁ ☼ ȳЁ –

цᴆ╬ᾬɎֽ ȳ ȳḛ ᾬɏ ҏ Ȳ ᵗ

ᴷ☼ ᾼѬ ᾭᾓ ȴGWLF ӣὑЊ

М₤ Ѭ ȴ 

CLUE CLUEɎConversion of Land Use and its Effectsɏ ₤

╥Ϛ ẓצῈ Ὑ ἤᾼЁ֮ᵓӣ о ₤Ȳ֯ס

ӑẃᾼЁ֮ᵓӣếЁ֮ о(Veldkamp and 

Fresco ,1996)ȲҔ╗₨Ӏ ȳ ὭּׁשԄȳЁ֮Ἱ

ế оȴCLUEפּ ₤╥Ϛ ∂ ▐Ȳ

Ё֮ᵓӣ ᾼӢᾬᾬ ếϢ ֪ ᴩ

о ȴCLUE ₤ᾼЛ֝ᾪӐҔ╗ CLUE-Sȳ

CLUE-Scannerế Dyna-CLUE ₤ȴ 

Ϥ Ҕ╗:Ё֮ᵓӣ ᾓȳ ֪ІɎֽϢЀ

⇔ȳ ♄ ɏȳᴞ ạɎֽ֮ᶮȳЁ ɏц╜

ḇפּ ȴ ҏ Ὠ ẁЁ֮ᵓӣ оᾼῈ и

ӁцẔҠ ᾼ Ȳ ᵗ ᴷӑẃЁ֮ᵓӣ

ȴCLUE ה ӣὑ֮Ѡᴟ ѐ⇔Ȳ

ᾛ ӣὑ₨Ӏ иέȳ Ё֮ цӢ ’

ȴ 

Ё֮ᵓӣ

 

 

Џẓ П NbS ӱ ὰ 

NbS ӱ ὰӭᾼⱢ ҵ ӱȲѿ―צ ֮ ҵ NbS

ӱ ӭ IUCNᾼ NbS Пẻ ȴӐ Ἤ Ϯ ӱ

ὰП Ὑֽϯȸ 

ᴞ Ѡ ῶ(Ϛ)ȸӣὑ Ю ӣП NbSֽᴶɦ Ӧ’ ȳӘ

ȳ⌠ ᴞ ѿцḂ Ӣ Ṇ ḟῂ ╚ ȳ ẁϢ אַ

Ӣᾬֵ ἤ ɧȴ ῶ Ὑ ṓ  3-2ȴ 

ᴞ Ѡ ῶ(ϡ)ȸ ᴞ Ѡ ᴩᾼ а Ȳẻ

IUCNᾼ NbS ᴷ ȴӐ ὰѿ ῏Ṕ⇔ Ȳѿᵓ

NbSȳ ᴕ Ṷ ȳѿц ҵЮ ȴᴕ ӐЏẓ ṿӣ῏

̅Ѭѝ/Ѭᵓ ̅ Ѭѝ/Ѭ Ȳה и І ה

ѩȴ ῶ Ὑ ṓ  3-3ȴ  
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ᴞ Ѡ ῶ(Ϯ)ȸ ӣὑ Ϛ Ӗ Ю NbS╟ᵂכὨȴ

ῶ Ὑ ṓ  3-4ȴ
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 3-2ᴞ Ѡ ῶ(Ϛ)  



 

3-11 

 
 3-3ᴞ Ѡ ῶ(ϡ) 



 

3-12 

 
 3-4ᴞ Ѡ ῶ(Ϯ) 

 

Џẓ П NbS Ϥ☼  

Џẓ NbS Ϥ☼ (  3-5)∂Ӵὑɦ ☼ᴞ Ѡиέ▐

Ṯ☻ П∂Ӵɇѿ ⱢẂɧכὨ ᵫ ( Ѭᵓ Ѭᵓ

и Ȳ2023)Мᾼ NbS Ϥ☼ ϱȴ ☼ ԚиכХ ◕Ȳ

ҔᵶɦϠ Ṇ ɧȳɦ ứḂ ӭ ɧȳɦạứᴩ ɧȲẞɦ

╟ᴩ ɧѿц ╟∟ᾼɦ ᴷɧȲẔ Ϥ☼ ѿц֢ ◕

ПЏᵂ ὑ  3-6ȴ 

 
 3-5Ӑ П NbS Ϥ☼ Ἤ ᴕᾼ NbS Ϥ☼  (іӣᴞ:

Ѭᵓ Ѭᵓ и Ȳ2023) 
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 3-5Ю ӐЏẓ NbS Ϥ☼ Ȳі ᴩ ᴩ

☼ ᾙ Ȳ ɦᴞ Ѡ ῶ(ϡ)ɧҠẻ IUCNᾼ NbS ᴷ

ȲѿцЏẓ і ȴ 

Ϛ ◕ȸ ȴ ӭ Ҡ ὑ Ἇ ὑ☼ ᾼ

Ϡ ᾙ ȷϷҠ ẃᴞὑӖ ṓȲ╜Ἀ ὑ֮

ȳ Ԛ ȴ 

ϡ ◕ȸϠ Ṇ ȴ ᴞ Ѡ ῶ(ϡ)Пɦῂ ╚ ɧ

ѿц а (ᴞ ῂ Ф ₤ȳῂ ֪Іȳ ֪Іȳ

֮ /֮ϯ Ӣ ֪І)ȴӐ ◕ѻ иⱢẒЏ ȸ 

(1) ֪І ∂Ӵ Ἐ ₤(Џẓ BȷIWRM Tools B3ȳC1.03ȳ

C1.09ȳC2)ȴױЏ ⱢϠ ȳῂ ȳӢ Ṇ П ᾼדФᵂ

ӣȲѿцױṆ вҵ ֪Іȴ ῏ȳ╜Ἀ

 ȳ‍╜Ἀ ȳᵓ …ϢȲ ϚḔ в ȳ

цᾼṶừȲṳ∂Ӵȳᶙ Ӑ Ἐ ₤Ȳѿᵓ∟ Ѡ

Ҡ ֮∂Ӵ֯҉иᾼɦ￼ ῀ ɧếɦ ɧϱȴҠ

֥ IWRM Toolsᾼ B3ȳC1.03ȳC1.09ȳC2ЏẓȲֽ ɦѬ-

- -Ӣ ▐ (C1.09)ɧȳɦᵓ …Ϣиέ(C1.03)ɧȸ

ᵑᵓ …Ϣȳ ứ҃ ᾼ ȳ ▲҃ ᾼ …ṳϠ ҃

ᾼ ᾼ ȴ Џᵂᵽȳ ᶮה ᴩ ṓẦ ȳ

ѿц Ȳ נּ ȷ М еӂ

֢ ῏ȲяẔ╥ ֮Ӗ ṓȴ 

(2) ứ Ԓ ȸIUCNᾼ NbS 1.1Ɫ Ԓᴕ ᵓ═

ếắ῏צ ῏ йᾼῂ ╚ ȴҫҵȲ еӂ ֢ ῏Ȳ

яẔ╥ ֮Ӗ ṓȴױⱢ∂Ӵὑ ɦѬ- - -Ӣ

▐ (IWRM, C1.09)ɧ ɦᵓ …Ϣиέ (IWRM, 

C1.03)ɧᾼ ϱȴ 

Ϯ ◕ȸạứᴩ ȴ ᴞ Ѡ ῶ(ϡ)ПɦД њ

◕ɧѿц а (ᴞ ῂ Ф ₤ȳῂ ֪Іȳ

֪Іȳ֮ /֮ϯ Ӣ ֪І)ȴӐ ◕ҔᵶѿϯХЄЏ ȸ 
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(1) Ѡ ȴ ὑ ╚ ạ ￼ ȳד ῏ ṓϯ

Ҡ Ѡ(Џẓ CȷIWRM Tools C4ȳC5)ȴ 

(2) ᴷѠ ȴ ᴷѠ ᾼ כ (Џẓ BȷIWRM Tools C1)ȳ

ẁПϢ Ӣ/אַ Ṇ (Џẓ B1ȷIWRM Tools C1.05ȳ

C1.06)ȳẦ / (IWRM Tools C6)ȳѿцẔ Ҡᴩἤ(IWRM 

Tools D)ȴ 

(3) ᴩ ֥ᵂ ạȴ ֢Џᵂ и ᴯȲ

ᴩ ᴯ Ȳ⁄ ∂Ӵ  / ᴯẦᵂ ạἨ ᴯȴ

ᴩᴩ ắẞ╜ ȳᾎ√Ἠᾎ Пּפḇ ᴩ Ȳ

⁄ ц ֥ᵂȲԚ֝‚ ╜ ếᾎ ᶙ Ȳṿ

Ѡ ╜ ᾎ Ἤ ẁП￼ (IWRM Tools B3ȳC6)ȴ 

(4)ạứ ᴷ ạȴạứ Ѡ כ ȳϢ Ӣ/אַ Ṇ

ᾼ ᴷѠהȷ ᴷ (baseline)̅ ᴷѩ П ȴ

∂Ӵᾼɦ ạɧȲѿ ’ NbS Ṝ ȴᵓ

…῏ч Ө ạȴ ꜜ ᾼ ▲ ạ(IWRM Tools 

C6)ȴ ꜜ ᾼ ▲ ạ(IWRM Tools C6ȳC2.05)ȲᵛЏẓ

ᾼɦSMART ᾎɧȲ Ḗ Џᵂ ẓ ȳҠ ȳҠ

ȳכ ПҵȲ Ὑצ ᾼ ȸ 

Aȳẓ ɎSpecificɏȸӭ ứᾼḂ Ἠ Ṝ

ứ Ḗȴ 

BȳҠ ɎMeasurableɏȸӭ Ӈ ╥Ҡ оᾼȲἨ῏ᴟ

юб Ҡ ᾼ ȴ 

CȳҠ ɎAttainableɏȸӭכ ╥ ᾼȲṳ ὑ҃Ϣ

ғᾼכ ᴩ ᴷȴ 

Dȳ ɎRealisticɏȸ Ҡӣ Ɏ  ȳϢ ȳ

ɏế צ ạẃạứӭ ȴ 

Eȳ ɎTime-boundɏȸӭ Ӈ צ Ѧѡ ἨὙ ᾼ

ḇ ȴ 

(5) Ѡ ȴ ḟ ῏ еӔ֮ ֢ Ѡ Ҡ ẃ
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ᾼ ế Ȳѿ ’Ἤ ᾼᴩ ד ὑẔ҃ Ѡ

ḆҒҠᴩế֥ ȴֽכӐȳכ ȳ ᴩ ὔ⇔ȳеӂ Ӕ

ᴕ ȴẔМȲ ᴩ ὔ⇔ȳכӐҠ Ѡ ѐ⇔(scale) ꜜ

(scope)צ ȴ 

ҵȲױ Ἐ ₤ЛṜἨ῏ Ӕ⁄֫ᴟɦϠ

Ṇ ɧ Ἐ ה ֪І ȴ 

ҳ ◕ȸѠ ứ ᴩȴᶙ в ȲҔᵶѠ ᶧạ

ứ ᴩ иȲṳṼ ֢ҨẔ ȴ 

Х ◕ȸ ᴷȴ ᴷ ạ כ ȳ

ᴷϢ Ӣ/אַ Ṇ ȷ ▲ ꜜ ╥ᵡắẞ ꜜȷ ᵓ

…῏ч ȴ Ӈצ ⁄֫ᴟɦϠ Ṇ ɧ Ἐ ה ֪І

Ȳѿ Ӕ Ѡȴ ה ᴷ╥ױ ◕ѻ Џᵂȴ ῏

ứ ᾼ ᴷ NbSᴩ ╟∟Ȳ╥ᵡצ

ᾼḂ ӭ Ȳѿ ’Ḃ ӭ ᾼ ҵȲ֯Ḃױȴכ ᾼ

МȲ╥ᵡ Ϣ ȳ֝אַ ⱢӢᾬֵ ἤ ẃӔ֣כ Ȳѿ

ц╥ᵡצ ᴞ ‍כ ᾼ ȴױ ◕ҫҵϚ Џ

ᵂ╥ NbS ᴩ ╟ ᴩῂ ȳ ȳ оᾼиέ ֢

’ ╟Ȳṳ ’ᵓ …Ϣᾼ ȴ ᾼ NbS Ϣ

ȳאַ ȳӢᾬֵ ἤếϢ ד ᾼ цԓ ӭ Ἤצ

Ȳṳứ ╥ᵡ ׂ П ԈѹЛ NbS ᴩ

П ứἤȴ ∟Ȳ е иṹכὨ Ἠ Ȳ‚ NbSᾼ

ѻ☼оȲ ẃḆֵ ᾼḂ ȴ 
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 3-6☼ ᾙ П NbS Ϥ☼ (Ӑῶ ɦᴞ Ѡ ῶ(ϡ)ɧṿӣ)
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ϡȳ∂Ӵ Ѡᾎ 

ṼӐ ∂ Џẓ NbS Ϥ☼ (  3-6)Ȳі ᴩ

ᴩ☼ ᾙ Ȳ ɦᴞ Ѡ ῶ(ϡ)ɧ(  3-3) ẻ IUCNᾼ

NbS ᴷ ȲѿцЏẓ іṿӣȴ 

☼ Ӣ Ṇὢ Ҕᵶ ꜙ ȲẂֽѬ ẁ ὢ Ἠ☻Ѭ ᾼ

ὢ ȲꞋ ὑ☼ вᾼӢᾬѿцӖ ẃ ֵ ȴ ᴖȲ֯Ϣ

ᾼ МȲ ᾈ☼ᾘỴ ѿц Ӣ ȳ ȳῂ ѝоѿцӢ

Ṇὢ П ᾼҷ Ȳ ᴖ ☼ Ӣ Ṇὢ ẁ ᾼᶙ ἤȴԛ῏Ȳ

Ὼדẃ ᾼ ═ ҒȲⱢϠ ԓ оᾼ Ȳ Ỵц☼

ӼⱢԓ Ә М ᾃᾼ ԌȴӐ Ӣ Ṇὢ

ᴞ Ѡ ☼ Ḃ Пד ẂȲ ᴖ Ӣ Ṇὢ

ᴞ ѠП ἤȲ ∟ԛ ϤӢ Ṇὢ ὑᴞ Ѡ П

ȴ 

NbS (ᵶӢ Ṇὢ ) ᴷѠה 

☼ ᾙ ᴞ Ѡ֯ Эᾼ Мѡ ắẞ ȴӢ

Ṇὢ ҔᵶѬ ẁ ȳ☻Ѭ ֵѠ ᾼғ Ȳ ☼ вᾼӢᾬ

ếϢ ῂ ẃ ᾛᾼ ȴ ᴖȲ Ϣ ♄ ᾼ Ȳᾈ☼

ᾘỴ ᾼ ϠӢ ȳ ȳῂ ѝоếӢ Ṇὢ П ᾼҷ

Ȳ ᴖ ☼ Ӣ Ṇὢ ᾼᶙ ἤȴⱢϠ ṷ╚ Ȳᴞ

Ѡ(Nature-based Solutions, NbS)Ḕ іϤ☼ ᾙ МȲ֯ס ⌠

ᴞ ẃḂ Ӣ Ṇ ғ ṳ с☼ ᾼ ϩȴ 

☼ ᾙ ᾼ☻ѬṮᾙ Д צ ᾼ ἤȲ ⁄

Мᾼ ד׀ Ȳᴞ Ѡ Ӣ Ṇὢ ד Ȳӭ›Бצ

ד ṅ╓ҏשׁ Ӣ Ṇὢ ᴞ Ѡ Ȳצᵗὑ Ἤצᴞ

Ѡ ὑ Ӣ ὢ ᾼ Ȳṳצ ὑ∟ ᾼ цḟ (Keesstra 

et al., 2018)ȴֽ  3-7ἬӱȲ Ё ’Ṏד ᾼᴞ ѠМᾼ

Ȳ Ϡ ’ Ё ПҵȲ ҵ ᾬ ᵗὑצ Ȳ׀⅔ ẞ

Ὅᾼӭᾼȴ Ѭ ’ ד ᾼᴞ ѠȲֽ צ ᾼ צ⁄╟



 

3-18 

ᵗὑ юῑ ☼ҷȲ ᾈЎѬכ ’ ѿц ═Ӣ Ṇ

ᾼӭ ȴ֪ױȲӐ ☼ ᾙ Ȳ ӭ› вҵ

☼ Ḃ ᾼᴞ ѠȲѿцד ᾼӢ Ṇὢ ╓ Ȳ Ẕ

ἤȲṳᵂⱢ ☼ ᴞ Ѡ ╟ѿцӢ Ṇὢ

ᴷṿӣȴ 

 

 
 3-7Ӣ Ṇὢ ᴞ ѠП (іӣᴞ: Keesstra et al., 2018) 

∂Ӵ ϤӢ Ṇὢ ὑᴞ Ѡ П  

ᴞ Ѡ ☼  (1)Ὑ ứ ẓ ӭ Ȳ(2) ὑҠ

ӣѠᾎ ᴷẔҠ ⱫᾼṶ Ȳ(3)ṳ NbS ѿ Ѡ

ᾎ╥ᵡ ֥ NbSȷױҵȲӐ ϤӢ Ṇὢ ᴷȲѿᵂⱢӢ Ṇ

ד Пẓ ѠהȲѿц ứӢ Ṇὢ ╓ ᵂⱢ∟

ᴷ ӭПϚ(  3-8)ȴ 



 

3-19 

 
 3-8 -ᴞ Ѡ-Ӣ Ṇὢ  

ṿӣ ᴷЏẓ 

InVESTếHEC-RAS╥Ẓ ᾛ ӣὑNbS ᴷᾼ Џ

ẓ(Deeksha and Shukla, 2022)Ȳ Ẓ Џẓ֢ẓ Ȳ צ ֮

ᴷЛ֝ѐ⇔ế ₤ᾼӢ Ṇὢ Ȳṳ ẁ П о╓ ќ═Ȳ ὑ

ḟ ῏֯ ế ╟ NbS ẓצ ȴ 

InVEST(Ӣ Ṇὢ ֥П ֥₤ о Ϛ╥(ה ὑ GIS

ᾼ Ὅ ה Ȳה ӣὑ оӢ Ṇὢ Ȳ ᴷ NbSֵ֯

ϯᾼ ȲֽѬ Ḃ ȳ ȳӢᾬֵ׀ ἤ ȴ

InVESTᾼ ֯ὑẔ о Ȳṿӣ῏Ҡ Л֝ᾼӢ Ṇὢ

֥ ᾼ ẃ ᴩ ȴK ♄ἤṿ InVEST ֯Л֝ᾼ֮

ế М ᾛ ӣȲ ᴖ ᵗḟ ῏ ế о NbSᾼ

ẓ ȴױҵȲInVEST ᴩ Ȳ Л֝

Ӣ Ṇὢ ᾼ Ȳ ᴖⱢḟ ῏ ẁ Єᾼќ═ȴ 

HEC-RAS╥Ӧּר Џᵎ (US Army Corps of Engineers)

ᾼᾈ☼ế☻Ѭ ЏẓȲ  ӣὑ ᾈ☼Ѭ ϩ ế☻Ѭ

ᴷȴ֯ NbS ᴷМȲHEC-RAS ӣẃиέế ᴞ ḟ

Ѡ ֯☻Ѭ юѠ ᾼ Ὠȴ Џẓ ᾈ ᾼѬ☼ᴩ

ⱢȲ ᴷЛ֝ NbS ╟(ֽ ֮⌠ ȳᾈỴ ȳѬỴ ֥ ) ☻Ѭ
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ᴩⱢᾼ Ȳ ᴖ о ṷ ╟֯ ю☻Ѭ Ѡ ᾼ ȴӦὑ☻

Ѭ ╥ ֵ NbS ӣМᾼ ᴕ ȲHEC-RAS ẁ

ᾼѬѝ Ȳ ᵗ ᵑế о☻Ѭ ȴ֪ױȲ ц

ד ѝ ∟ȲӐ ∂ ӣ InVESTế HEC-RAS Ẓ Џ

ẓᵂⱢ NbSᾼ ᴷЏẓȲѻ ὑѿϯ Ӧȸ 

֥ ᴷ ϩ 

InVEST ֵ Ӣ Ṇὢ ᴩ ֥ ȲKҔ╗Ѭ

ȳ ȳӢᾬֵ׀ ἤ Ȳ ẁϠԓ ᾼ иέȴᴖ HEC-

RAS⁄ ☻Ѭ ᴩ ế ȲK ’ NbS֯ юᴞ

ḳ Ѡ ᾼ ѿ҉и оȴ 

♄ἤ ἤ 

InVEST ᾼ о б ӣљ Л֝ ♄ ᴷ

Ȳ ֵ оᾼ ḖȴHEC-RAS⁄֪Ẕ ᾼѬѝ ₤

ế ϩȲ Л֝ ᾼᾈ☼Ṇ Ȳ ᴖ ӣὑЛ֝ѐ

⇔ᾼ☻Ѭ ӭȴ 

ќ═ּד ḟ  

Ẓ Џẓ ẁᾼứ ế ὨȲ Ɫ╜ ạứ῏

ếЁ֮ ῏ ẁּד Ṽ Ȳќ═Ẕ֯ ế ╟ NbS ҏḆ

Ғ֥ ếצ ᾼḟ ȴ 

ϱἬ ȲInVESTế HEC-RASᾼ ֥ ӣȲ ֯Л֝ װ

ϱⱢ NbSᾼ ᴷ ẁ ╠ϩᾼќ═Ȳצ оӢ Ṇὢ ᾼֵ

Ȳϭ ẓ ᴷế о☻Ѭ Ȳ ṿ һ Ɫכ

› NbS ᴷᾼ Џẓȴ 

֯Ӑ МȲṿӣ InVEST ה ☼ ѐ⇔(Єѐ⇔)ȳІ Ѭ

ѐ⇔(Мѐ⇔)ᾼ NbSȲѿ ᴷ Ӣ Ṇὢ ȷ ứᾈ◕(Њѐ⇔)

⁄ṿӣ HEC-RAS ה ֥ HSIȲиέЊѐ⇔ᾈ◕ ПӢ Ṇὢ

оȲṳ ҏᴞ Ѡ(ῶ 3-3)ȴ 
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ῶ 3-3֢Ὲ ѐ⇔Ҡ ᴷПӢ Ṇὢ ӭ 

Ὲ ѐ⇔ ṿӣПЏẓ Ҡ ᴷ ӭ 

☼  InVEST Ѭ ȳЁ ’ṎȳѬ оȳ ֮₇

ȳ  ȴ׀⅔

І Ѭ  

(ќ☼☼ ) 

InVEST Ѭ ȳЁ ’ṎȳѬ оȳ ֮₇

ȳ  ȴ׀⅔

ᾈ◕ HEC-RASȳ

HISȳWUA 

Ѭ иέȳᾈ ȳ ֮ ừ⇔╓ ȴ 

 

InVEST ₤Ҕ╗ ֮ȳ Ѭȳ ◦ếᾘ Ӣ Ṇ ᾼ

Л֝Ӣ Ṇὢ ₤ȲѿцϚṷ ᵗЏẓȲҠӣὑẦᵗứᴯȳ

Ϥ ȳṳ о ҏ ᴷ ὨȴInVEST ғ Ҕᵶ ֮ ᴷ

(Habitat Risk Assessment)ȳ ԅ ᾼ иέ(Overlap Analysis 

for Fisheries and Recreation)ȳ ὭѤḊכןᾼ (Managed Timber 

Production)ȳ ׀ ׀⅔ ȳ(Carbon Storage and Sequestration)ה

ᾬ ֵ ἤȸ ֮₇ ἤצ  Biodiversity: Habitat Quality and)ה

Rarity)ȳѬ оȸ и ׀ ה (Water Purification: Nutrient 

Retention)ȳѬ ᾇ  Avoided Reservoir Sedimentation) ה

Model) ȲṳӦХ І ה ᴩ ȴInVEST ү֯ה ῴ ѻ

ṅשׁ вП Ѭ ц Ȳ Л֝ᴞ Ѡ ὑᴆ╬Ṯ

ᾙП (■ᴹ ѝ╜Ȳ2015)ȲᴖῺדẃȲ вӼשׁצṅ

 ( Ɫ Ȳ2020ȷ ῡ ◊ Ȳ2021)ȴӐЊ Ю

InVEST ה Ѭ цѬ оȳ ׀ ׀⅔ ȳ ֮₇ ȳц

Ё ’ṎП ѠᾎȲṳи ֽϯ: 

Ѭ цѬ о  ה

InVESTҠ ᴷЛ֝Ё֮ᵓӣὑѬ ẁ ᾼד ȲϠ

Л֝ᾼЁ֮ᵓӣֽᴶ Ѭד ẁ Ȳᴷ Л֝Ё֮ᵓӣḕ

☼ᾼד Ѭ ȷṏֻᾼѬӢ ֮╥∂Ӵὑ ứᾼ ӂ

ПϯȲѹѬ оⱢӢ Ṇ МᾼϚ ғ ȴInVEST

☼ ᾼ ᴆ╬ᾬẃᴷ ἨЁ оѬ ᾼ

Ȳױ ṿӣה Ҕ╗ȸ☼ Ѭ ȳЁ֮ᵓӣ ȳ
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ѿц ⇔ Ȳѿ ֯ἨӑẃЁ֮ᵓӣ ϯП

׀ ȴ֪ױȲ֯ InVEST Мה ϚḔ╥ ҏדӂᶁ Ѭ

ᾼῈ и Ȳe ϡḔ⁄╥ ֮ Мḕ І Ἤ ╬ᾼᴆ׀ Ȳ

ה ḕ Ἤ ᾼ׀ ȲԛѿІ Ѭ ᵂⱢ ᴯ

ẃ ҏЀ ӂᶁҏЀ ȴẔМ ׀ ᴕ

Ѭѝ и ѿч╣Л֮֝ ᾼ ᾭᾓ(Tallis et al., 2011)ȴ

ה 1ᴟה 3Ɫ֢Ё֮ᵓӣ Ѭ ц еהȴ 

ὣ ρ ὖ (ה 1) 

ϱהМȲὣⱢ֢Ё֮ᵓӣḕ ᾼ Ѭ  (g Ɫ і

Ȳj ⱢЁ֮ᵓӣ)ȲAET ⱢЛ֝ ᾼЁ֮ᵓӣᾼ Ȳὖ

⁄ⱢЛ֝ ᾼ ​ ȴ 

ὃὒὠ ὌὛὛ ὖὕὒ (ה 2) 

ὌὛὛ ה)            3) 

ϱהМȲὃὒὠⱢ֢Ё֮ᵓӣ ᾼ ȲὌὛὛⱢЛ

֝ ᾼѬѝ и Ȳ ὖὕὒ⁄ⱢЛ֝ ᾼ ҏ ȴ‎

Ɫ ☼╓ Ȳ‎⁄Ɫ Ѭ Пӂᶁ ☼╓ ȴ 

֯ ☼ МȲInVEST в ứ DEM П ☼

(Threshold Flow Accumulation, TFA) Ȳӣѿứ Ѭ Ȳ

TFA ЊȲ ה ứПќ☼ᾈ ֵȲчП⁄ юȴ 

׀ ׀⅔  ה

Ӣ Ṇ ϡ о ⅍ (greenhouse gases, GHG)

ᾼ ẃ ֮ ᾼ Ȳ Ӣ Ṇ Ҡ П Є

ẃ ֵȲ֪כױⱢ Мϡ о ᾼ ֪Іȴ

Ϡ ׀ ѿҵȲ ֵṆ Ϸ ֯ ᾬếЁ М Ȳ

ᴖḕדɦ⅔׀ɧ ȴ֯ InVEST הМȲ иⱢẒ ȸ

׀⅔ (carbon sequenstration)╥ ḕד Ғẞ ׀ Мᾼ

Ғ Ȳᴖ ׀ (carbon storage)╥╓ ֯׀ (Ҕᵶ֮

ϱ ֮ϯ)Мᾼ Ȳ Ẓ Ѡה ṿ Л ὍẞЄ МȴӀ
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Мᾼ ҵ Ἠ⅔׀Мᾼ Пῂ ȳ⅔׀ ᾼḕד оế

᷉ ҠᵂⱢ Мᾼה ҵ Ȳ ẓדצ ȲҠѿ ϚḔ

ᴷ Ӣױ Ṇὢ ὑῂ ᾼ ȴInVEST ѿ֮╥ה Ṇ

(Geographic Information System, GIS)ᾼ ᶮה ᾼ ц׀

׀⅔ ᴩ ȲḕϚ ╓ứϚ Ё֮ᵓӣếЁ֮

₤(LULC)Ȳѹ ὑḕ Ё֮ᵓӣếЁ֮ ₤Ȳ ה ᴟ

юϚ ᴷ ᾼ Ȳ и ḕ Ё֮ᵓӣếЁ֮

₤ᾼ ѿᴷ ṅשׁ М ᾼ׀ ȴה 4Ɫ֢

Ё֮ᵓӣᾼ ׀ еהȴ 

ὅ ὅ ὅ ὅ ὅ  (4 ה) 

ϱהМȲὅⱢ֢Ё֮ᵓӣἬ ᾼ׀ ⇔(ton/ha)Ȳὅ

Ɫ֮ϱӢᾬ ⇔ (ton/ha)Ȳὅ Ɫ֮ϯӢᾬ ⇔ 

(ton/ha)Ȳὅ Ɫ░ײ ⇔(ton/ha)Ȳὅ ⱢЁ

(ton/ha)ȴ 

֮₇ ἤצ  ה

InVEST ѿ ֮₇ ἤẃᴷצ ֮ ϱ ֮ᾼ ȳ

ѿц оᾼ ᶮȲ ⱢӢᾬֵ ἤᾼ ҅╓ ȴ ֮₇

ц ἤắҳצ ֪ ȲиᵑⱢ:֢№ П ד П ȳ֢№

П ᾼד ⇔ȳ№ ֮П ᾼ ȳЁ֮ ֥

ᾎ’ ᾼ ⇔ȴ֯ InVEST МȲҠ ҏ ֮ о ế₇ Ȳ

╥█֪ № ֪І ⇔ Ȳ⁄№ ֪І ֮₇

ЄȲ о ⇔⁄ ȲẔ ֮ о еֽהϯȸ 

Ὀ В В
В

ὶὭ ‍Ὓ  (5 ה) 

Ὥ ρ
Ὠ

Ὠὶ
ἤ  

Ὥ ÅØÐ
ςȢωω

Ὠὶ
Ὠ ╓  

ϱהМὈ Ɫ ֮ о ⇔ȲR҅ῶ№ ֪І Ȳr Ɫ№

֪ІȲὣὶⱢ№ ֪І r а ȲyⱢ№ ֪І rᾼἬצ

аȲὡⱢ№ ֪І ȲὭ Ɫ ֮Ё֮ᵓӣ ₤ y М№ ֪
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І r ὑ ֮ ᴯП ⇔Ȳ‍Ɫᾎ√’ ⇔ȲὛⱢЁ

֮ᵓӣ ₤ y ֚ ֪І rП ⇔ȲὨ Ɫ ֮ ᴯ x

№ ֪І rП ȲὨὶ Ɫ№ ֪І rП ȴ 

֮₇ ╥╓ ⱢӢᾬ Ἠ ᾼӢ׀ ẁ

ừӢ׀ Ԉᾼ ϩȲ Юὑ 0ẞ 1П Ȳ ҅ῶӢ Ṇ

ứȲ ֮₇ Ȳ ֮₇ Пеֽהϯȸ 

ὗ Ὄ ρ  (6 ה) 

ϱהМὗ ⱢЁ֮ᵓӣ ₤ jМ ֮ ᴯ xᾼ₇ ȲὌ

ⱢЁ֮ᵓӣ ₤ jᾼ ֮ ἤȲk Ɫҙ ế ȲϚ Ɫ

֮ о ⇔ Є ϡиПϚȲz Ɫ ₤ ȲϚ Ɫ

2.5ȴ№ ֪Іѻ ẃᴞЛ֝ᴞ цϢⱢ♄ ȲẓצϢⱢД

ПЁ֮ᵓӣ ₤ כ ֮ ếắ№ П ᶮȲֽ∂֮

ᴞכ Ӣ П ȳ ֮ ц Ғ ᵂ ה ѠהȲ

ц Ӗ╟ӣЄ ᾼῑ ц ȳӻ ∂ Ӣ ắ ᾼ

Ғ ȴ 

Ё ’Ṏ  ה

InVEST ₤МᾼЁ ’Ṏ ὑ Ӕ ӣЁ ☼ҷѠ ה

(Revised Universal Soil Loss Equation, RUSLE) Ȳӣὑ ᴷЛ֝

Ё֮ ϯᾼЁ – ếḛ ᾬ ҏȲ ᴖ Ҡ ᵍ

ᾼЁ Ḥ (ᵛЁ ’Ṏ)ȴRUSLEѠ ᴕ Ϡ ​– ϩȳЁ

Ҡ ἤȳị⇔ ⇔ȳị⇔ȳ ⇔ѿц’ ╟ȴ 

39,$,3Ͻ2Ͻ+Ͻ#Ͻ0 (7 ה) 

ẔМȲSYLDⱢ ᴯ ᾼЁ ☼ҷ (t/ha/yr)ȲRȳKȳ

LSȳCȳPиᵑ҅ῶ ​– ֪ІȳЁ Ḥ ֪Іȳị⇔ ⇔ị

⇔֪Іȳ ⇔֪Іế’ ╟֪Іȴ 

Ӧὑ InVEST ѻה ӣЁ֮ᵓӣ ד Ѭ ȳѬ

оȳ ȳ ֮₇ ȳЁ ’Ṏ ד Ӣ Ṇὢ ╓ Ȳ

ӭЛ֝Ȳ Ё֮ᵓӣ ПҵȲ Ё иӁȳᾬ
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⇔ȳᵂᾬ… ȳ ₤(DEM)ȳד ​ ȳ ȳ

Ṇ ⇔ȳ ᾬҠӣᵶѬ ȳ ​– ֪І(R)ȳЁ Ḥ ֪І

(K)ȳЁ֮ᵓӣ ֪І(C)ȳѬЁ’═ ֪І(P) ד

(ῶ 3-4)ȴInVESTἬ ֵⱢ (Raster)Ȳ Ở

Ɫֵ ᶮ֣ (Polygon)⁄ ᴩ Ȳṳứ

ἤȲ ᴕẃ ц П …ῶֽῶ 3-5ἬӱἬ

ӱȴῶ 3-6цῶ 3-7 ὙϠ InVEST ֢ה ᾼ

цẔ ᴕẃ ȴ ῶױ Ȳṿӣ῏Ҡ ӭ ṳ

ᴕẃ ᴩ▲ Ȳ ậ ӣᾼ ȴInVEST Ϥѿц֢

ϤḔ ֽ  ϡἬӱȴ 

Ӧὑ InVEST הМᾼ ứ ☼ Ӣ Ṇὢ ᾼ

ὨȲ֪ױȲӐ ѿЁ Ḥ еהМᾼѬЁ’═ Ɫӱ

Ȳ ᴩ ἤиέ(ῶ 3-8)ȴ֢Ё֮ᵓӣ ₤ᾼѬЁ’═

ѠᾎꞋṼ ᴕẃ ȲẔד цѬЁ’═ Ὑᶁ ԝ

ὑῶ 3-7ȴ Ὠ ӱȲ֢Ё֮ᵓӣ ₤ᾼЁ Ḥ צ

(  3-9)ȴѿ ֮ⱢẂȲ  USLE_P  0.6 Ғᴟ 0.75 

ȲЁ Ḥ Ɫ 139%ȷפּ ϚḔ Ғᴟ 0.9ȲЁ Ḥ

⁄  189%ȴ ᴖȲ о Ё Ḥ ᾼ оṳ

‍ᵧ ἤѩẂ …ȴ֪ױȲ∂ Л֝☼ ἤȲ ֢

ѬЁ’═ ╟ ᴩ иέȲ ᴷḂ ╟ ╟›∟ᾼ Ȳ

ᴖ ẁ ᾼѬЁ’═ ∂ ȴ 
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ῶ 3-4 InVEST ה Ϥ ц  

Ӣ Ṇὢ Ϥ ה   

ד Ѭ  Ё֮ᵓӣиӁȳᵂᾬ…

ȳ ₤

(DEM)ȳד ​ (mm)ȳ

(mm)ȳ Ṇ

⇔(mm)ȳ ᾬҠӣᵶѬ

(mm)ȳӢᾬᾬ ἤ 

ủ ֪І( װ֪ )  

Ѭ о Ё֮ᵓӣиӁȳᵂᾬ…

ȳ ₤

(DEM)ȳד ​ (mm)ȳ

╟(╟ῑȳ

)ȳІ Ѭ

иӁȳ ȳ ᾃ ᴯ

(Ѭ ) 

פ☼ … (Curve Number, 

CN)ȳѬѝ (HSSg)ȳ

ἤ 

 Ё֮ᵓӣиӁȳЁ иӁ ֮ϱӢᾬ ⇔(tons/ha)ȳ

֮ϯӢᾬ ⇔(tons/ha)ȳ

Ё ⇔(tons/ha)ȳ░ײ

⇔(tons/ha) 

֮₇  Ё֮ᵓӣиӁ ᾬ ⇔ȳЁ֮ᵓӣ֚ ⇔ 

Ё Ḥ  Ё֮ᵓӣиӁȳDEMȳ

​– ֪І (USLE R 

factor)ȳЁ Ḥ ֪І

(USLE K factor)ȳЁ֮ᵓ

ӣ ֪І (USLE C 

factor)ȳѬЁ’═ ֪

І(USLE P factor)ȳӢᾬ

ᾬ ἤ 

☼ ᾃ (mm)ȳBorselli 

KȳBorselli IC0ȳᾇḘ ȳ

L  
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ῶ 3-5 InVEST∂ ẃ  

 Ḗ ц ( ᴕẃ (ה  

Ӑ  Ё֮ᵓӣиӁ( ) Ё Мї 

Ѭ (֣ ) Ѭᵓ Ѭѝ  

ד Ѭ ד  ​ ( ) МҶ ​׀ Ȳṳ ᴩᵌᵓ

 ᾎ оⱢ (ḈὙ Ȳ2015) 

( ) Global Aridity and PET DatabaseȲ

Antonio Trabucco, Robert Zomer (2022) 

Ṇ ⇔( ) Ё֮ᵓӣиӁȲ ᴕ■ᴹ

(2015) ҏП Ṇ ⇔ ᴷᾎ Ṇ

⇔ 

ᾬצ ᵶѬ ( ) Ё иӁȲ ᴕ■ᴹ (2015)

ҏПצ ᵶѬ Ѡᾎ  

Ѭ о ╟(ῶ ) ἬП֥ о╟ῑ  

І Ѭ иӁ( ) Ё֮ᵓӣ ╟ ֥  

(֣ ) ṿӣ῏ ứ 

ᾃ ᴯ ( ) ’ е ӂү 

פ☼ … ( ) ҏ☼ ạᶾ њҌ(Ѭᵓ

ἬȲ2020)Ȳ ֥Ё֮ᵓӣ Ё

 

Ѭѝ ( ) Ӧ ☼… І Ѭ ӂᶁ ☼

…  

 ֮ϱӢᾬ ⇔ȳ֮ϯӢᾬ

⇔ȳЁ ⇔ȳ

ײ░ ⇔( ) 

2024 М Ӗ ⅍ Ὅ Ҍế

invest╓ њҌ 

֮₇  ᾬ ⇔ȳЁ֮ᵓӣ֚

⇔( ) 

ṿӣ InVEST ה  

Ё Ḥ  DEM( ) ֮ Ὅӂү(TGOS) 

​Ḥ ╓ ( ) ᴩ Ѭ’ὢ  

Ё Ḥ ╓ ( ) ṿӣЁ иӁ Ȳ ֥ừ Ѝị֮Ё

▲ ᵫ( ἬȲ1986)цүҖ

ừ ӂ֮Ё ▲ ᵫ (

ἬȲ1978)ПЁ Ӑἤ (+ȳ ȳ Ё

ѩẂȳѬϩ … ȳ ⇔ȳ Ѭἤ)Ȳ

ṳ ѬЁ’═њҌПЁ Ḥ …

ᴷѠᾎ  
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ῶ 3-6 InVEST ה Ὑц∂ ᴕẃ (1/2) 

֤  ֤  Ὑ ה∂  ∂ ᴕẃ  

׀

 Carbon) ׀⅔

Storage and 

Sequestration) 

c_above (t/ha) ֮ϱӢᾬ ⇔ N/A 
Ӑ֮ӥ ▲ ȳ IPCC (2006) Table 4.3 for 

biomass conversion factors (0.43-0.51) 

c_below (t/ha) ֮ϯӢᾬ ⇔ N/A 
Ӑ֮ӥ ▲ ȳ IPCC (2006) Table 4.3 for 

biomass conversion factors 

c_soil (t/ha) Ё ⇔ N/A Ӑ֮ӥ ▲ ȳ ӣᾼӂᶁ  

c_dead (t/ha) צײ ⇔ N/A Ӑ֮ӥ ▲ ȳ ӣᾼӂᶁ  

ד Ѭ  

(Annual 

Water Yield) 

root_depth (mm) 
95% ᾬ ṆӢᾬ

⇔ 
N/A Ӑ֮ ȲFAO ẁᾼ Budyko פ ∂  

kc (unitless) 
ӣὑ ᾼᵂᾬ

Ṇ  
N/A 

FAO ẁᾼ њҌ Ȳ ᵂᾬӢ 

◕ Ɫדӂᶁ  

Z Parameter (unitless) 
҅ῶѬѝ֮ Ѭ

ủ ἤиᵉᾼ  
1-30 

Xu et al. (2013)ȳLiang and Liu (2014), Donohue et 

al. (2012) 

֮ ₇  

(Habitat 

Quality) 

threat 
№ ₤֤ Ɏֽᴆ╬ȳ

Ӏоɏ 
N/A Ӑ֮№ ₤ԝῶɎ ɏ 

habitat 
█Ё֮ᵓӣᵂⱢ ֮ᾼ

ừἤ 
N/A Ɫ 0 Ἠ 1Ɏ‍ ֮ / ֮ɏ 

[THREAT] ứ№ ᾼ ἤ N/A Ӑ֮№ ἤ Ɏ ɏ 

Half-saturation Constant 

(unitless) 

֮ оѠ Мᾼҙ ế

 
0.05 

Ҡ ῴḔ ₤ ᴩ ȸϚ ậ о ᾼ

Ϛҙ 
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ῶ 3-7 InVEST ה Ὑц∂ ᴕẃ (2/2) 

֤  ֤  Ὑ ה∂  ∂ ᴕẃ  

ѩ

(Nutrient 

Delivery Ratio) 

load_[NUTRIENT] 

(kg/(ha·year)) 
ḕ Ё֮ᵓӣᾼ и  N/A 

Ӑ֮╟ῑ ἨЁ֮ᵓӣ ҏ Ȳ Ɫ╟ῑ Ȳ

ᴕ ᴩ Ӕ 

eff_[NUTRIENT] (unitless) Є и  N/A 
Ӑ֮ѝ Ἠ Ȳᴞ Ɏֽ Ὥȳ ֮ɏᾼ

ἤ Ɫ Ɏ0.6-0.8ɏ 

crit_len_[NUTRIENT] (m) 
ẞ Є Ἤ ᾼ

 
150 RIPARIAN BUFFER Ɏ10-300mɏ 

Threshold Flow Accumulation 

(pixels) 

ᵂⱢ ☼и ᾼ Њ Ѭ

а 
N/A DEM  

Borselli K Parameter (unitless) 
ȲӣὑѬѝ

ἤ и ѩ ᾼ … 
צ 2 ṅҠשׁ ᴩ  

Subsurface Critical Length (m) ֮ϯ ᾼ ꜜ  200 Mayer et al. (2007) 

Subsurface Maximum Retention 

Efficiency (unitless) 
֮ϯ ᾼ 0.8 Mayer et al. (2007) 

ᾇḘ ѩ  

(Sediment 

Delivery Ratio) 

usle_c (unitless) Ё֮ ֪І N/A 
USDA RUSLE handbook, FAO, OMAFRA sediment 

erosion studiesȳᴩ╜ ѬЁ’═њҌ 

usle_p (unitless) ќ ╟֪І N/A 
USDA RUSLE handbook, FAO sediment reduction 

practicesȳᴩ╜ ѬЁ’═њҌ 

Threshold Flow Accumulation 

(pixels) 

ᵂⱢ ☼ᾼ Њ Ѭ

 
N/A ֮ᾈ☼  

Borselli K Parameter (unitless) Ѭѝ ἤ צ 2  ṅҠשׁ ᴩ  

Maximum SDR Value (unitless) ᾼ Є SDR  0.8 Ё  
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ῶ 3-8ѿ USLE_P ⱢẂиέ ἤ 

Ё֮ᵓӣ P  ѬЁ’═Ѡᾎ ᴕẃ  

֮ 

0.6 
Ӣ Ɏ ịἨ

֮ Ӣɏ 
ѬЁ’═њҌ (2021)Ȳ 3  

0.75 Ӑ Ӑ ᾬ  
Ѭ Ё ’ ═ ֪ І ứ ᵫ 

(1994), P12 

0.9 
ᴞ ӢἨ ╟

ю 

ү Ё Ḥ е ה שׁ ṅ 

(2009), P45 

֮ 

 

0.4 
ᵂ Ἠᶙ

 
ѬЁ’═њҌ (2021)Ȳ 5  

0.6 ᾭ Ӣ  ѬЁ’═њҌ (2021)Ȳ 7  

0.85 
и ֮ῶЁ ᵀ

צ ᾙ ╟ 

ү Ё Ḥ е ה שׁ ṅ 

(2009), P48 

֮ 

0.5 
ṿӣ ц ứ

Џ  
ѬЁ’═њҌ (2021)Ȳ 8  

0.7 
и Ѥ

╟ 

ү Ё Ḥ е ה שׁ ṅ 

(2009), P52 

0.95 
Ѿӑ ᴩ ứоἨ

Ӣ  

Ѭ Ё ’ ═ ֪ І ứ ᵫ 

(1994), P18 

 

 
 3-9 USLE_PḂ ֢Ё֮ᵓӣḤ П   
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ϮȳӢ Ṇὢ ∂ ӭ(Ἠ╓ ) 

Ӣ Ṇὢ ╓ᾼ╥Ϣ Ӣ Ṇ М ᾼ֢ ᵓ ȲẔМѬѝӢ

Ṇὢ ѻ Ѭ ֯ ѐ⇔ϱᾼ ȴӐ ѝ

֫ Ȳ Ẃ ҏ ừᾼӢ Ṇὢ ӭ ᾼ╓ Ȳ

ṳ∂ӴϚ ᴷ▐ ȴ ᴶ (2022)ᾼׁשṅȲӢ Ṇὢ ᾼ о

☼ Ԓ ῴᾼ ӱ Ȳ∂Ӵ ῶȲ ϚḔ Ϥ

ѠᾎἬ Ȳ∂Ӵ ₤ ᴩ ȴ Ȳ Ẃ ᾼ ₤∂

Ȳ Ӣ ᾼ☼ Ӣ Ṇὢ ᴷ ȴ ᾼӢ Ṇὢ ▐

Ҡ ᵗᶺ ᴷ ứ֮ Ἠ ᾼӢ ғ цẔד Ȳ ֥Ϡ Ϣ

Ɫ♄ Ἠ ╟ ὑ☼ Ӣ ᾼ ἤȴⱢ ֢ Ӣ

Ṇὢ ᾼ ἤȲ∂ ứ֮ Ἠ ᾼӢ Ṇὢ ▐

яⱢ ȴ 

Turner et al. (2008)ѿ ֮Ɫѻ ṅ֮שׁ Ȳ Ϡ ֮Ἤ ẁᾼӢ

Ṇὢ Ẕ ғ Ȳṳ ϠϚ ▐ (  3-10)ȲᵓӣЏẓ о

ṷὢ ӭȲ ᴩ ֫ έȲⱢᾈЎ☼ ᾙ ẁḟ ќ═ȴѬ

ẁ Ɫ☼ ֮Ӣ Ṇὢ Мᾼ ӭȴXu et al. (2009)ṿӣ 

InVEST Џẓ Ѭ ẁ ד ᾼӢ Ṇὢ ӭȲṳ Ϡӣὑ

иέ Ѭ ẁ ᾼ▐ Ȳ ֢ ὢ П ᾼדФ ἤȲѿ―

ᵑ Ȳ ᴩḆ ϚḔᾼ ц оȴ ӴӢ Ṇὢ ӭ ▐ Ȳ

∟ᵗὑצ ᴞ Ѡ ᾼצ ӣȴ 
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 3-10 ֮Ӣ Ṇὢ ▐ Ẃ(іӣᴞ: Turner et al., 2008) 

צ Ӣ Ṇὢ ╓ Ȳӭ› ҵБצ ֵ ẂȲֽ: Angela et al. 

(2015) ҏ ӣὑ☼ Ӣ Ṇὢ ᴷᾼ╓ ӭȲҔᵶѬ ẁ ὢ

ȳѬ ὢ ȳѬѝḤ ѿцӢᾬֵ ἤẁ ὢ (ῶ 3-9)ȴ

Notter et al. (2012) ṳ ֢ Ѭ ẁ ὢ ᾼ╓ ▐ (ῶ 

3-10)ȲҔᵶ ȳЏ ѿц ӣѬ иȲצᵗὑḆ ϚḔ ц

☼ Ѭ ẁ ὢ ȴ 

 
ῶ 3-9☼ ѬѝцӢᾬֵ ἤӢ Ṇὢ Ҡӣ╓ ( ᴞ: Angela et al., 2015) 

Ӣ Ṇὢ  Ҡӣὑ ᴷᾼ╓  

Ѭ ẁ ὢ  ᾈЎҠӣѬ ᵶ  

+ ὢ  
ᾈ ᾇ+ ϩ 

Ё Ḥ ᵂӣ 

Ѭ ὢ  Ѭ ᴆ╬ ⇔ 

Ӣᾬֵ ἤќ═ὢ  
ֵ֮ ἤ 

צ ᵶ  

ῶ 3-10☼ Ѭ ẁ ὢ Ҡӣ╓ ( ᴞ: Notter et al., 2012) 

Ѭ ẁὢ  Ҡ ц ᴷ╓  

ӖӢӣѬ ᾈЎҠӣѬᾼ 95% 

ᾫӣѬ ᾈЎҠӣѬᾼ 95% 

Џ ӣѬ ᾈЎҠӣѬᾼ 95% 

ӣѬ ᵂᾬѬ ϩЊὑ 0.5ѿцᾈЎҠӣѬᾼ 75% 

Ѭϩ  Ѭϩ ᾼ☼ Ӣᾼ  
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ѿϯⱢ Л֝Ӣ Ṇὢ ᵑἬ∂ ᾼ ӭ о╓ Ȳṳ

֥ѝ ֫ ҏד ᾼ ᴕ ȸ 

Ѭ ẁ ὢ  (Water Provisioning Services) 

ᾈЎҠӣѬ ȸ ᴷѣᶁ☼ ☼ᶁד ȲиέẁѬ ϩ 

(Xu et al., 2009)ȴ 

֮ϯѬ ᾃ ȸ ֮ϯѬᴯ Ȳᴷ ֮ϯѬ ᾃ (Notter 

et al., 2012)ȴ 

Ѭ ᵓӣ ȸиέ֢ ӣѬ( ȳЏ ȳӖӢ)ᾼṿӣѩẂ 

(Angela et al., 2015)ȴ 

ӣ ȸ ṷ╓ ȲҠ оṳ ᴷѬ ẁ ᾼӘ

ἤȲ ᴩ☼ Ѭ ᾼ ȴ 

Ѭ ὢ  (Water Quality Regulation Services) 

Ѭ ᴆ╬╓  (WQI)ȸ ֥ ᴷѬМѻ ᴆ╬ᾬ ⇔(Angela et 

al., 2015)ȴ 

 (DO)ȸч╣Ѭ ᴞ ϩȲ ֥ᵂⱢѬ ᾭᾓᾼ

╓  (Turner et al., 2008)ȴ 

Ệ  (TSS)ȸ ᴷᾈЎἨ ᾜМ ᾬᾼ ⇔ȲᵂⱢ

ᴆ╬ế + ᾼ╓ ȴ 

ӣ ȸ ṷ╓ ᵗὑצ ṳḂ Ѭ Ȳќ═Ӣ Ṇ

Ӣ Ṇὢ ᾼ сȴ 

Ё ’═ὢ  (Soil Retention Services) 

Ё ☼ҷ ȸṿӣ USLE Ἠ RUSLE ₤ᴷ Ёד ☼ҷ  

(Xu et al., 2009)ȴ 

+ ȸ Ѭѝ ₤Ȳ о☼ + Ȳ ᴷᾈЎ Ѭ ᾼ

 (Notter et al., 2012)ȴ 

Ё ứ╓ ȸ ὑ֮ᶮȳ ​ Ȳ Ё ứ

ἤ иȴ 

ӣ ȸ ᴷЁ ’═ ╟ᾼ Ȳ ’Ё ứȲ юЁ

– + ȴ  
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Ӣᾬֵ ἤќ═ὢ  (Biodiversity Support Services) 

֮₇ ȸṿӣ InVEST ₤ Ȳ Ё֮ᵓӣ ϢⱢ♄

ᴷ ֮₇  (Turner et al., 2008)ȴ 

ᾬ ⇔ȸ Ӣ ▲ ᾬ Ȳч╣Ӣᾬֵ ἤ 

(Angela et al., 2015)ȴ 

ȸ ᾬ ⇔ȲᵂⱢ ֮ ╓ ȴ 

Ӣ ☼ ȸ ӭ ᾬ ứȲ ⱢᾈЎדӂᶁ☼ ᾼ

10%ʟ20%Ȳ Ӣ Ḗ ᾬ ắἤוֹ ᴩ  (Xu et al., 

2009; Angela et al., 2015)ȴ 

☼ ȸ ᾼ☼ Ҡ ᾬ ☼ҷȲᴖ☼ ᵅ⁄Ҡ

Ѭ ȲϚ ᴖṕȲ∂ Ӣ ☼ ֯ 0.2ʟ1.5 m/sП Ȳ

Л֝ᾬ Ӣ Ḗ ᴩ  (Turner et al., 2008)ȴ 

ӣ ȸ ẁ ֮₇ ȲKќ═Ӣᾬֵ ἤ’Ṏ ᾼạ

ứ ╟ȴ 

ὢ  (Climate Regulation Services) 

׀ ȸ Ё Мᾼ ᵶ Ȳᴷ ׀  (Xu 

et al., 2009)ȴ 

⅍ Ὅ ȸ Ё֮ᵓӣ оȲ ᴷ ⅍ Ὅ

ᾼ ȴ 

​ ȸ ᾬ ​ᾼ ϩȲиέ ȴ 

ӣ ȸќ═ Ȳ сӢ Ṇ ᾼ ׀

ϩȴ 
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ҳ  ᴞ Ѡ Ẃ 1  

Ϛȳ Ẃ  

Ɫ ›Ẓ Ἤ∂ ᾼᴞ Ѡ ᴷ▐ ѿц☼ цᾙ

Ἐ ӣὑ ☼ ᾙ ȳ П֥ ἤȲӐ ╚ ϚẂМҶ ᾈ

Ў☼ ( ☼ )ᵂⱢӱ ȴӐ Юӱ ☼ ц ☼

Ἤ ᾼ ȴ 

☼ Ю  

ᴯὑ Җ Ȳ ὑ⁮ ЄЍҖ Ȳ☼ ừ Є֝

ȳ ȳ Ѝ ȳừ ӀȳϮ╦ ȳҍЍ ȳ ὧ ȳᶇ ц

Х 9 ȴ ὑ ЍЍ ⁮ ЄЍЍ П Ȳ

Ӧᴫ֣ὧ☼ᴟϮ╦ Ӂ ỞϤӂ Ȳ֮ ☼иᶡכ ᾭ ☼Ȳᴟ

Є  Ὼᶮכ ☼Ȳԛ֣ὧҖ☼ ᶇ ὧ  Ὼ ∟ᾃϤыӂ

◦Ȳ פּ⇔ ☼ 73еṭȲӂᶁị Ɫ 1/55Ȳ☼ Ɫפּ 978.15ӂ

Ѡеṭ( Ѭᵓ ϚᾈЎи ) (  4-1)ȴ☼ Мצ 5

(ừ ȳӞ ȳыӂЍȳѳ ȳ ᶙצ( נּ 2010~2022Пѡѐ⇔

Ȳ МҶ ​ ц Ȳ ☼ 5

Пדӂᶁ ​ Ɫפּ 3,861 ᴏȳӂᶁ Ɫפּ⇔ ѫ 23.4⇔ȳӂ

ᶁד ⇔Ɫ 81.1%Ȳ☼ Ɫ ȴ 

МҶ цѬЁ’═ᶝ Ȳ в 5 ​ ד

ӂᶁ ​ ц П ​… (R factor)ֽ ῶ 4-1 ἬӱȲ МҶ

נּ Ȳ2010-2022Пӂᶁד ​ Ɫ 2,792ʟ4,608 mmȲЍ

П​ Ὑ ӂ֮ЄȷR factor … ᴕѬ’ ȲẔ

​ ᵧӔד ȴ  
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 4-1 ☼ ѬѝȳѬ иӁ 

ῶ 4-1​ ȳד​ ​…  

 TWD97-X TMD97-Y ӂᶁד​ (mm) R factor 

ừ  325,655.98 2,740,054.19 2,792 22,623 

Ӟ  308,587.88 2,730,187.02 3,972 26,269 

ыӂЍ 302,445.52 2,711,332.87 4,608 35,355 

ѳ  307,227.54 2,725,996.90 3,752 23,139 

 321,712.47 2,725,694.83 4,182 28,869 

 

Ё Мї Ё֮ᵓӣד2014 Ȳ ☼ П Ὥ

Ɫ 674.68ӂѠеṭȲᴾ 68.91%ȲẔМ ếὭᴾ Є Ȳ

Ɫפּ 559.19ӂѠеṭȲᴾ☼ ᾼ 57.17%ȷ ֮ Ɫ 153.86

ӂѠеṭȲᴾ☼ ᾼ 15.73%ȷ Ӏ Ɫ 28.91ӂѠеṭȲ

ᴾ☼ ᾼ 2.96%ȷѬцḘ☺/ ֮иᵑᴾ 28.26ц 24.70ӂѠе
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ṭȲиᵑᴾ☼ ᾼ 2.92%ц 2.53%ȷ☼ вП ֮⁄Ɫ 14.33

ӂѠеṭȲᴾ☼ П 1.47%ȷẔ҃Ё֮ᵓӣԚᴾ 53.70ӂѠеṭȲᴾ

☼ 5.49% (ῶ 4-2)ȴ ☼ ᴫҙ ѻ ⱢЄ֝ Ё֮ᵓ

ӣѿ ὭⱢѻȲ֯ὧҙ Ҕᵶừ Ӏȳ ὧ ȳᶇ цХ ⱢϢ

Ѐ (  4-2)ȴ 

ῶ 4-2 ☼ Ё֮ᵓӣ иӁ 

Ё֮ᵓӣ  (km2) ᴍиѩ Ё֮ᵓӣ  (km2) ᴍиѩ 

Ὥ 97.00 9.92%  0.42 0.04% 

Ὥ 13.77 1.41% ע /ᶶ  2.16 0.22% 

ếὭ 559.19 57.17% Ϛ  14.59 1.49% 

ᴎὭ 3.57 0.37% Ṯᴇ  1.14 0.12% 

ѤὭ 0.54 0.06%  0.28 0.03% 

Ӣ֮ 22.35 2.29% Ḙ☺/ ֮ 24.70 2.53% 

 153.86 15.73%  0.02 0.00% 

ᾫ 0.95 0.10% Ṯ 2.43 0.25% 

Ӏ∂  28.91 2.96% ֮ 14.33 1.47% 

Ѭ 28.56 2.92% ֮ 0.23 0.02% 

еԚ ╟ 4.42 0.45% ЁѠ  1.06 0.11% 

е  1.49 0.15%  0.42 0.04% 

 0.31 0.03% ỵӰ 1.43 0.15% 

 978.15 km2 
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 4-2 ☼ Ё֮ᵓӣ иӁ  

ἬПԓүЁ Ȳѿц ֥үҖừ Ё

▲ ᵫ( ╡◙Ȳ1978)цừ Ѝị֮Ё ▲ ᵫП ▲ци

ȲҠ ☼ ѻ Ё ԚצϮ : ȳӰ ЁцḤ ЁȲ

иᵑᴾ ☼ 31.94%ȳ23.35%ц 20.99%ȲẔМӰ Ё ѻ и

Ӂὑᴫ МҶЍ Ѝ Ȳ Ё⁄ ֯ẔП ҏ (13.35%) (ῶ 

4-3ȳ  4-3)ȴᴖḤ Ёѻ иӁ֯☼ ϯ ȲӦױҠṓ Ὑצ

Ḥ ᾭᾓȴ 
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ῶ 4-3 ☼ Ё иӁ 

Ё  (km2) ᴍиѩ(%) 

Ӱ Ё 228.37 23.35 

Ḥ Ё 205.36 20.99 

Ḙ 3.71 0.38 

ỵӰ 8.00 0.82 

ᾋ Ё 0.31 0.03 

Ё 130.60 13.35 

 312.38 31.94 

֮ 38.12 3.90 

ӑ ▲  51.30 5.24 

 978.15 100.00 

 

 
 4-3 ☼ Ё иӁ 

☼ ☼  

Ѭᵓ Ѭѝד Ȳ ☼ вԚצг ☼

ȲиᵑⱢ Є ȳ ȳᴫ  ȳ ѬЄ ȳҖכ ȳѳ (3)Ȳ

ẔМȲᴫ  ☼ נּ כиⱢ2012~2013ȳ2015~2022ȷҖד Ɫ2012ȳ
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2015ȳ2019~2022ȷẔ ҳ ꞋⱢ 2012~2022Ȳ֪Җכ иד

Ȳֵ╝Ӑ ӑ ẔԝⱢׁשṅ ȴ ☼ѡד иᵑⱢ  4-4ᴟ

 4-8Ἤӱȴ 

 
 4-4 Є ѡ☼ (2012~2022) 

 
 4-5 ѡ☼ (2012~2022) 
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 4-6 ѬЄ ѡ☼ (2012~2022) 

 

 

 
 4-7ᴫ  ѡ☼ (2012~2022) 
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 4-8ѳ (3)ѡ☼ (2012~2022) 

 

☼ Ѭ  

Пԓ Ѭ ὑ ☼ Хצ Ѭ

ȲиᵑⱢѳ ȳ ȳ Є ȳ Є (

! ᷄Лẞ ẃ ȴ)ȲѬ и ϱȲѳ ȳ ȳ

Є ӧ Ѭ ȷ Ѷ ȷ Є Ɫϛ ȴ ȳѬ ȳ

ȳ Ệ ȳ ȳ ⇔ Ѭ П ⱢḕѣϚװȲ

ȳ Ɫḕủ Ϛװ(Ϛדҳ )ȴ 

 

☼ InVEST ה  

InVEST ѿЁ֮ᵓӣⱢѻПӢ…ה Ṇὢ ᴷ ȲЁ֮ᵓה

ӣП ứяⱢ Ȳ֯ Ѭ П ứМȲ ѩ

☼ Пᾈ иӁ Ȳ ứ TFA Ɫ 500 ( ᵛ ЊІ Ѭ Ɫ 500

DEM )Ȳ֢ Ё֮ᵓӣ ứ ֽῶ 5- 4Ἤӱȴ֯Ё ’

Ṏ МȲ֯Ё֮ᵓӣѠ ⁄ Ϥ ӣЁ ☼ҷеה(USLE)ПЁ

֮ᵓӣ … (C factor)цѬЁ’═… (P factor)ȴ֮ᶮ֪І(LS)֯

Ϥ ₤(DEM)∟ ᴞ ȲЁ ПḤ … (K factor)ц

​– … (R factor)⁄ ᴕѬЁ’═њҌ(ѬЁ’═ᶝȲ2017)
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Ȳᴖᾇ+ (Sediment Delivery Ratio, SDR)⁄ṿӣ ה

0.8ȴ 

ῶ 4-4 InVESTЁ֮ᵓӣ … (C factor) ῶ 

Ё֮ᵓӣ C factor Ё֮ᵓӣ C factor 

Ϛ  0.000  0.000 

ЁѠ  0.050 ֮ 1.000 

еԚ ╟ 0.040 ֥Ὥ 0.010 

е  0.040  0.010 

Ѭ 0.000 Ӏ∂  0.010 

ᴎὭ 0.010 Ṯ 0.010 

Ḙ☺/ ֮ 0.250  0.175 

Ṯᴇ  0.000 ֮ 1.000 

ỵӰ 0.010 Ὥ 0.010 

ע /ᶶ  0.000  0.020 

ᾫ 0.150 ѤὭ 0.010 

Ӣ֮ 0.050  0.010 

Ὥ 0.010  0.010 

 

֯ ֮₇ П МȲ Ӏ ֮П яⱢ Ȳ ȳ

∂ ᾬѿце ὑ ֮ꞋצЛ֝ ⇔ᾼ№ ȴⱢ ᾼ ᴷ☼

вПӢ Ṇὢ ȲӐ ṿӣ Ё֮ᵓӣ Ȳ ὭиⱢ: Ὥȳ

Ὥȳ ếὭȳᴎὭц ѤὭȷ Ӏ ӻ иⱢ: Ӏ∂ ȳеԚ

╟ȳе ȳ ȳ ȳע ȳϚ ȳṮᴇ ц ȷ

Ẕ҃Ё֮ᵓӣиⱢ: ֮ȳ ֮ȳЁѠ ȳỵӰȷѬ иⱢ

ᴩѬ ПḘ☺ȳ ֮ȳѬ ȷὨ ȳḅᵂцѬ ẆⱢ ֮(  4-2)ȴ 

☼ вП ֮Ҕᵶ Ѐȳ ц Ӣ

ᾬ ֮(  4-9)ȲẔМȲ ц ᴯὑЍ Ȳᴖ Ѐ

Ӣ ᾬ ֮ѻ ⱢѬᵓ Ȳ֪ױӐ

Ѐ Ӣ ᾬ Ȳ֮ ᴷѻ П ֮₇ ȲẔЁ֮ᵓ

ӣ и ֽ  4-10Ἤӱȴ ɦ ᾙ ᵫɧἬ╓ҏ ֮

ắẞᾼ№ ₤ȲӐ ц ᾫӣ֮ ứⱢɦ цῑ ᴆ
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╬ɧ№ ȷѬ ⁄ ⱢɦᴆѬɧ№ ȷѬ Ể П ֮ȳḘ☺/

֮ ⱢɦᾈỴ ♄ ɧ№ ȷ ṮцṮᴇ ứⱢɦ Ṟ♄ ɧ

№ ȷϚ цע /ᶶ ⁄ԝⱢɦ ɧ№ (ῶ 4-5)ȴױҵȲ

Ӑ Л֝Ё֮ᵓӣ ứ ֮╓ (habitat)ȲѿѬ ̡ ֥ὭцḘ

☺/ ֮Ɫѻ Ȳ֮ ֮╓ (habitat)иᵑ ứⱢ 1ȳ1ц 0.7ȷ ȳ

ᾫȳ Ӣ֮це ⁄Ṽװ ứⱢ 0.5ȳ0.4ȳ0.3ȳ0.3ȷ Ӏ∂ ȳ

еԚ∂ ȳ֢ ц Ṯ⁄ ứⱢ 0 (ῶ 4-6)ȴ 

Ӧὑ ֮₇ Ἤ Ϥᾼ Ɫ Ȳѹ ứ

ӭ ᾬ ứ ֥ ֮Пד ȲҔᵶ: ֮╓ (Habitat)ȳЁ֮

ᵓӣ (Max_Dist)ȳ (Weight)ц֢ ֮ П֚

⇔(Threat)ȴ ᴖȲ֪ ю вד ṅשׁ Ȳ╝Ӑ ᴕ InVEST

Ẃ Ȳ∂ ӑẃҠ ᴕү Ӣ ▲ ᵫȲ ӭ ᾬ

ц֢ Ё֮ᵓӣП ֮ ừἤ ֚ ⇔ȲḆ ֮₇ ȴ 



 

4-11 

 

 
 4-9 ☼ Ӣ ᾬ ֮иӁ 

 

 
 4-10 ЀЁ֮ᵓӣиӁ 
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ῶ 4-5 InVEST ֮№ ῶ 

№  
 

(km) 
 ứЁ֮ᵓӣ ה₤ 

ếῑ ᴆ╬ 0.05 0.8 ╓ ₤ ȳ ᾫӣ֮ 

ᴆѬ 0.05 0.6 ╓ ₤ Ѭ 

ᾈỴ ♄  0.03 0.4 ἤ ֮ȳḘ☺ˍ ֮ 

Ṟ♄  0.02 0.3 ἤ Ṯᴇ ȳ Ṯ 

 0.02 0.2 ἤ Ϛ ȳע /ᶶ  

 

ῶ 4-6 InVEST ֮₇ ῶ 

Ё֮ᵓӣ ֮╓  
№ ⇔ 

ếῑ ᴆ╬ ᴆѬ ᾈỴ ♄  Ṟ♄   

Ϛ  0.0 0.0 0.0 0.0 0.0 0.0 

еԚ ╟ 0.0 0.0 0.0 0.0 0.0 0.0 

е  0.3 0.1 0.2 0.2 0.0 0.1 

Ѭ 1.0 0.5 0.7 0.3 0.1 0.3 

Ḙ☺/ ֮ 0.7 0.0 0.5 0.3 0.1 0.2 

Ṯᴇ  0.0 0.0 0.0 0.0 0.0 0.0 

ע /ᶶ  0.0 0.0 0.0 0.0 0.0 0.0 

ᾫ 0.4 0.6 0.5 0.4 0.3 0.2 

Ӣ֮ 0.3 0.4 0.4 0.2 0.3 0.2 

֥Ὥ 1.0 0.3 0.4 0.2 0.0 0.2 

Ӏ∂  0.0 0.0 0.0 0.0 0.0 0.0 

Ṯ 0.0 0.0 0.0 0.0 0.0 0.0 

 0.5 0.7 0.5 0.3 0.0 0.0 

 

☼  

ɦ ѬṆ ☼и ᴷ ☼ Ḃ

(2/3)ʟ☼ Ḃ ɧ( Ѭᵓ ϚᾈЎи Ȳ

2022)(∟ Ꞌ ɦ Ὠכ ᵫɧ)ᾼиέ ὨȲ ֯Ѭ

ȳЁ֮☻ӛ ȳ ’ṎếѬỴ ҳЄױ֥ ֣ ᴩḂ

Ȳᶮ ɦϢȳ ȳᴞ ԚӢӘ ɧП Ȳ  4-11Ɫ ☼

Ḃ Пӱ ȴ  
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 4-11 ☼ Ḃ ( ᴞ: Ѭᵓ ϚᾈЎи Ȳ

2022) 

Ӑ Ὠכ ᵫПиέ ὨȲҠ ῀ ӭ›

Ḃ ᾼ ֽϯȸ 

Ѭ  

ӭ› ☼ иᾈ◕צ ֚ ȳ и Ṯצ ֚ Ȳ

ѹ֯ ӂ ỴצМ – Ȳ֯Мϱ ПЁ+ḳ №

Ѭ ☻☼ȲᴖֽЭ Ἤ Пכ ѬѝṶԈ№ ᾈЎ

Ṯ☻ȴ 

Ё֮☻ӛ  

ӭ›ừ ֮ и ѬПṮ☻ ╟Ữӑ ᶙ Ȳ

⇔ ֮ Ьצ Ȳ и ☼и ӣ֮צ Ȳ Пױ

ҵȲỰӖ ὑ Ѭ ЛṜѹ ‍Џ ḳᾼ צ ȴ 

’Ṏ 

и ӦᾈЎ ֮ ȳӢ ȳѬ

֚ᾬ ’Ṏ ẞ ’ṎȲᴖֽᴶ֝ ḟᾈṮׄԓ ц

ᴩӢ х Ϸ╥ϚЄ ȴ  
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ѬỴ ֥ 

☼ ϩὑ ѬỴ ȳѝоȳ ᴩ

ȳ ֥ȲṿϢȳѬ ȴ 

ᴖȲӐ Ἤ П Ɫ е ᾪӐП ȲT Ь

ẓϚứЛ ứἤȲֽ: Ё ▲ ᵫ ▲ ⱢӖ 40ʟ50҅דȳ

Ё֮ᵓӣӭ› Ḇ ẞ ȳѬד2017 ц☼ ᾼ ӐṝẓϚứᾼЛ

ứἤ Ȳ֯ṿӣ ה ᴷ ȲҠ ֯Ѭӂ ȳ ϱצϚ

ứᾼ ȲT ᴖṕȲ ☼ І Ѭ ᾼ ᴷ֯ ה ứ

∟ ҏП ὨЬҠᵂⱢ ᴷᴞ Ѡṿӣȴ  
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ϡȳ ẂӢ Ṇὢ ᴷ 

ṓ☼ ᴞ ѠҔ╗ ᵂᾬ юị֮– ȳ ᾈỴ ѿ

ц⌠ Ὥ֮ ᵂⱢ(  4-12)ȲӐ ᵓӣӢ Ṇὢ ᴷЏẓ ֥

ᴞ Ѡ ╟Ȳиέ☼ Л֝ѐ⇔ᴞ ѠП ӣ ὑ☼ Ӣ Ṇὢ

ПḂ ȴ 

 

 
 4-12☼ Ѭ ѿцד Ҡᴩᴞ ╟Пӱ (IUCN, 

http://www.iucn.org/theme/water/our-work/wise-climate) 

Ӑ ᴕɦ ѬṆ ☼и ᴷ ☼ Ḃ

(2/3)ʟ☼ Ḃ ɧМἬ ԝҏП Ȳ ϱϚ

Њ ᾼ☼ ᾓѿц ᴩиέȲẔ ד ἤֽ ! ᷄Лẞ

ẃ ȴȳ ! ᷄Лẞ ẃ ȴἬӱȴ Ӧ֢ ֣ ἤ ῶȲ

ᵛҠ ☼ цӢ Ṇὢ иέ Ὠ ╟ᴞ ѠП ȴ

֥ IUCN ứᾼ 8 ⁄ᵛҠ Ɫᴞ ѠȲ֪ױ Ϛ

֝ ḟֵ ֣ᾼ Ȳ⁄ ֥ ᵂ NbSᾼӱ ȴױЊ

иέц ἤẒ йϤ Ȳѿ᷄ ☼ ֥ ᴩ

NbSП ȴ  
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иέ 

Ӑ ἤ ῶҠ ῀ӭ› ☼ ᾼῂ

Ɫ ᵅḳ (Ѭ цЁ֮ḳ )Ȳ֪ױ ᴕɦ ѻ

☼цếӂ ѬṆ ᴷɧ( Ѭᵓ ϚᾈЎи Ȳ2019)Ȳѿ

ѻ☼֢ᾈ◕П☻Ѭ Ɫᵒ Ṽ Ȳ ᴕẓצ ᾼ

ᴩ Ȳ ֚ ⇔ế ד⇔ Ȳѿ ᵅ֚ ⇔ế ⇔Ɫѻ

ӭᾼȲṳ֯ Ҡ ẞ IUCN ứᾼ 8 ⁄ȴ 

ἤ 

ἤ ῶ(ῶ 4-7ȳῶ 4-8)ȲҠ῀ ’Ṏ

ֵ ᾿צ ד ц ד Ȳ ḟẔ ’Ṏ

(C1̡ C4)Ȳ оȳ ᴞ ᾼϩ Ȳṿӣᴞ Ӑṝᾼϩ ẃ

ḟῂ (AȳB)ȲᵛⱢᴞ ѠכғП ẂȲ֪ױҠ ’

Ṏ М Ϛ ᴩ ȲᵂⱢᴞ Ѡӱ ȴ
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ῶ 4-7 ἤ ῶ( ᴞ: Ѭᵓ ϚᾈЎи Ȳ2022)(1/2) 
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ῶ 4-8 ἤ ῶ( ᴞ: Ѭᵓ ϚᾈЎи Ȳ2022)(2/2) 

 

ȸʂῶӱ᾿ ד ȷʄῶӱ ד ȷXῶӱ Лד ȷ+ῶӱ (Synergy)ȷ-ῶӱ /טּ (Trade-off)ȴ 
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Ɫ ȲӐ Ԓ ᴩ ֮ ᵿ Ȳṳ

֥ϱ ᵒ Ṽ Ȳ ṅשׁ֯ ֥ ᴯ ᴩᴞ Ѡ Ȳ

צ (Џ ) Ẃ ֽϯȸ 

ҿỴ  22-28 Ѝ Ṯ 

Ѭᵓ Ȳ ѻ ᴩПЏ Ɫ Ѝ ᵽ(Ѭ

ϱ ◕) ֮ Ḃ Џ ц Ѝ Ṯ Ṯ ֮

֮ Ȳ›῏Ɫὑ Ѝ ϝ ֮ ȲЏ в Ɫ

֮ Ḃ 1,500mȲὑ ד106 12ѣ 21ѡ ЏȲ107ד 8ѣ 8ѡ

ᶙЏȲЏ פּ 2,700 аȴ Є ᴟ ☺ ◕Җ

Ỵ Ɫ Ӣᾼ ї ȲѿṮ ᾼ ṎⱢѻ ᾼӭ

Ӣ П І ẃ Ṯ ѿ ὨȲ֝ ╟

֮ц ὔ ү ẁỰӖ ᾼ♄ ȴ∟῏Бὑ Ἁד111

ҔȲỮӑᶙЏȴЏ Ɫ ҿỴ  23-24ȳ28-29 

еѐ 100~90 פּ⇔ П ֮Ȳᴯ ֽ  4-13Ἤӱȴ ӱ

צ Ȳ֝ Ѝ Ṯ╥ү Ữ׀юצᾼ ҭ ϵ ṮȲẔ

צӰЏᾎẓשׂ ҅ ҭ Ȳѹ֯ Ṯ ᾼ├ ѝо╥Ѭѝоᾼ

Ϛ иȲ֝ Ѭ ȳ ’ṎȳѬỴ ֥ϮЄ ȴ 

 

 
 4-13 Ѝ Ṯ Ṯ Џ ӱ ( ᴞ: Ѭᵓ Ϛᾈ

Ўи Ȳ2022) 
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ᴕ Ѝ ṮᵂⱢׁשṅ ᾼ Ӧѻ ѿϯצ ȴ ԒȲ

֯ Ѝ Ṯ(Ѭ ϱ ◕) ֮ Ḃ Џ МȲ ц

ᾼḂ ╟ȲẂֽ Ϛἤ ᾬȲѿц ֥Ϣ

♄ ᾼ∂ ȴ ᴖȲ ᴞ ѠᾼṔ⇔ẃכȲ ṷ Ҡ

ȲѿḆֻ֮ ֥Ӣ ⁄ȴẔװȲ֯ Ὠכ ᵫ

МȲ Ѝ Ṯ Ṯ ֮ ֮ ԝⱢϝ

ϩ‐ ПϚȲṳѹ֯ɦ ѻ☼цếӂ ѬṆ ᴷɧМ

ᴷױ ֯ МȲḂ ϩế ȴ ҏϠḂ

Ȳṳ ֯ Ἁד112 ᴩ Ѝ Ṯ Ṯ

Џ ( ɦ ☼ Ḃ ɧ( Ѭᵓ Ȳ113

ד 9ѣ)ױЏ БᶙכȲ Ѝ ṮБ ᴟМ⇔ )ȲẔМҔ╗֯ױ

פּ 850еѐ ȳ90̡ 100еѐ ᾼ ֮Ȳ ֥

ᾼ Ԉȴ 

ѬṆ ☼и ᴷ ☼ Ḃ

(2/3)ʟ☼ Ḃ Мᾼ∂ Ȳ╓ҏ Ѝ Ṯ֯׀

и ֚ Ȳ֪ױ ҏϠ A3 ȴⱢ ḟ AȳB

Ȳ∂ ӣᴞ ѠȲѿצ Ȳ֝ ’ Ӣ в

ȴӭ›ῴḔ ứ Ѝ ṮᾼׁשṅѠֽ֣ϯȲ ᴩЁ֮ᵓӣ

▲Ȳ ֮ὑᾈПᴞ ѠȲ ֮Ḃ ⱢЊ₤ ֮Ȳ

ṳ InVESTиέȲѩ Ḃ ›∟ᾼ Ȳѿ ᴷ

ȷ ᴕɦ ☼ᴞ Ѡиέ▐ Ṯ☻ П∂Ӵ ï ѿ

ⱢẂɧȲ ᴩṮ ḳếӢ Ṇὢ ғ ᾼ ȲK ӣ HEC-

RAS InVEST Џẓ ᴩиέȴṼ ᴕ Ȳױ ṳӑ

Ɫӱ Ẃȴ 

ҢỴ  22-24 М א Ṯ 

Ѭᵓ Ȳ ѻ ᴩПЏ Ɫ М

☺ Ṯ ֮’ Ṯḳ ḳЏ ȲЏ Ɫ ҢỴ

23~24ȲЏ Ɫפּ 2,921 аȲὑ ד106 12ѣ 25ѡ ЏȲ

ṳὑ ד107 8ѣ 21ѡᶙЏȴ֪Ѭ☼ ֣᾿ḤҢỴȲ ҢỴ’
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Џ ắḤ ẚȲṳ֚ц ֮ц╠צ ṮП ứȲ╟ᵂ ֮

’ ЏцӁ ╚☼ЏȲѿ іѬ☼ ֣ᾈїȲ ᵅ ҢỴḤ ȴ

Џ в Ɫ Ё שׂ Ӱ ị 880еѐȳϜ Џ 8 Ȳֽ

 4-14ἬӱȲЏ ֵⱢ Ё ╟ȴ 

 

 
 4-14 М ☺ Ṯ ֮’ Ṯḳ ḳЏ ╟Џ ( ᴞѬᵓ ) 

ᴕ ☺ Ṯ Ɫ ᴷ Ẃᾼ Ӧѻ ѿϯצ ȴ ԒȲ

֮ױ֯ ȲѬ☼ᾼ᾿ Ḥẚ Ϡ’ Џ ᾼ ȴ֯ 107

ᾼṮḳכᶙד ḳЏ МȲѻ ӣϠ ᾼᴊᴥ ╟Џ Ȳ

ֽ Ёếׂש ӰȲṳӑᴕ Ӣ ֪ ȴẔװȲ֯ ѻ☼ц

ếӂ ѬṆ ᴷМȲ ᴷױ ὑᵅ⇔(ᵀ֚ ⇔М )Ȳ

ӱ֯׀Ḃ ᾼῈ ȴ 

א ṮᾼׁשṅѠ֣Ȳᴕ ẞ Ё Ҡ Ӣᾬ

ֵ ἤЛ ᾼ ȲӑẃҠ ᴕ Ὠכ ᵫМᾼ╓ ᾬ Ȳ

ᴩ ֮ ֥⇔╓ ɎHSIɏиέȲѿ ᴷ ᾓ ֮ Ԉ ѬӢӢ

ᾬᾼ ừἤȴ֝ Ȳ∂ Ӣ Ӱשׂ Ỵ Ӣ х ЏᾎȲⱢ

ѬӢӢᾬ ẁ Ȳṳ‚ ӢӢ ȴ֯ױ ϱȲҠ Ϛ

Ḕ ᴞ ѠȲẂֽ ӣѬᾚЏᾎ ᴩ Ȳṳᵓӣ HEC-

RAS ế InVEST ЏẓȲ ᴷᴞ Ѡ צ ЁЏ ֯Ӣ

Џ ϱᾼ Ȳ о ᾓȴ ᾼ ᴕ



 

4-22 

Ȳױ ӑ ứⱢӱ ẂȲᵀѿϱׁשṅѠ֣ ∂ Ҡᵂ

Ɫӑẃד ṅцשׁ ӣᾼ ᴕȲᵗϩὑ א ṮᾼӢ Џ

Ầ֝ сȴ 

Ṗ ☼Ѐ  

Ὠכ ᵫȲױ ᴯ ϱ Ѝ Ṯדѩ Ɫϱ

Ȳ Ṗ ☼ᴟ Пᾈ Ӧὑ ֮ ᾈכ ḇ ȳ

☼ Ἃ ȳϢЏ₣᾿פ☼ֵȲЄ ὂ Ṗ Ѭ☼ҏṖ∟ᾼ

ȲḂ ᾈ ᴞ ϩϯᾼ ᾭᾈדȴ 

ᴕ Ṗ ☼ЀᵂⱢׁשṅ ᾼ Ӧצѿϯ ȴ ԒȲ

ᾭᾈᾼ ἤ֯ὑ═ Ȳ Ӧ֯+Ӱᾼ ẃӂ Ѭ

ᾼ ȴ ᾈ ḇ Ȳ Ḃ ☼ᾼצ ṳӑ ẁṜ ᾼᾈ

⇔ẃ ẃᴞϱ ᾼҽЄ Ȳ Ғᾈ ȴױҵȲ ᾭᾈ

Ў ֵצ ᾼ֮ ц ᾼӢᾬ ȲẔֵ ᾼѬ☼Ҡᶮכ ȳ

ȳ ȳḘ☺ ֮ᶮȲ ẁֵ оᾼἉ ֮ȲצᵗὑѬМӢᾬ

ᾼ ế Ȳᶮכ ᶙ ᾼӢ Ṇ ȴ ᴖȲӭ›ױ ☼

ᾓ Ϛѹ☼ Ȳ Ӣᾬֵ ἤϯ Ȳṳѹ֪ѡ Ѭ

о ȳẒ ֮ ҏ Ȳ Ғ ᾈ◕ ᾓȲ ѻ

ќ☼Ѭ Ӣ ֮₇ ϯ ȴ 

ᴕ ẞѿϱ ᾓȲױ Ҡ Ӧ ֮ὑᾈᾼѠהȲ֝ ᵅᾈ

ế Ӣᾬֵ ἤȴױ ╟ Ѧ Ὅ Ȳṳᴕ ᵓ

…ϢП ᵓȴ ֯ М о ȳ е

ᾼ ᵓ …Ϣ҉и Ȳṳ Ѭ иέế╓ ᾬ

▲ứ ц ᴷ ПѬѝцӢ оȲṿẔẓצ ֵ֥

ᴞ Ѡ(NbS)ԓ П ϩȴ 

Ὠכ ᵫӼ╓ҏ ќ☼ ☼Ѐ֯׀ ᾈᾨ֮ᾼ Ȳֽ

! ᷄Лẞ ẃ ȴἬӱȲ∂ ֯ Ṗ ѻќ☼ ☼Ѐ

Ѧ ὍӨ Ȳṳ ֮ὑᾈȲѿᵓӣ Ṗ Ѭ☼ᴞ ϩȲ⌠

ᾼ ạ Ὲ ȴӑẃҠ ▲ ☼Ѐ ᾼЁ֮ᵓӣ ᾓȲ

ᵓӣ HEC-RAS ᴩϡ Ѭ иέȲ ᴷ ֮ὑᾈ∟ᾈ ᾼ о
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ṳ оӣ֮ ѿ ẞ Ṿ ȴḂ Ӣᾬֵ ἤѠ Ȳ ӣ

ҵẃᾬ Ȳ ю ֮ о Ѡה ᴩḂ Ȳṳ ▲ ᾼ

╓ ἤᾬ ế ֚ᾬ ( ɦד 109 ѬṆᾈЎ ▲ɧȲ

Ѭ П╓ ἤᾬ Ҕ╗ Ồ Њ ( ᾬ )ȳϝ╦ ( ᾬ

)ȳѡӐ ῲ( ἤᾬ )Ȳ ᾬП╓ ἤᾬ Ҕ╗Ѭ

цЍῢ )ȴԛᵓӣ InVEST ₤ ᴩӢ Ṇὢ ᾼиέȲѿ

ᴷ ẁᾼӢ ὢ цẔ ȴ ∟Ȳ ֥Ἤצ ὨȲṳ

IUCN ẁᾼ ế╓ ᴩ иȴṼ ᴕ Ȳױ

ṳӑ Ɫӱ ẂȲᵀѿϱׁשṅѠ֣ ∂ ҠᵂⱢӑẃד שׁ

ṅц ӣᾼ ᴕȴ 

 

 
 4-15 Ṗ ☼Ѐ ╦ ╦ ᾈЎе֮ Ө ṿӣ ᾓ 

ѳ ẞ Ѭ ☼Ѐᾈ◕ɉׁשṅ ḇ ᾈ◕ֽᴶ ֮ὑ

ᾈц ═Ё+Ḥ ᾼ  

ѳ ᴯὑ ☼ Ȳ᷊ ẒỴӻ ᾼ Ṕᴥȴ

Ѭ ц ᾭᾓ ὑ ֮ᾼṮ☻ếӢ Ṇ צ ȴ

֯ѳ ѿϯᴟ Ѭ ☼ ȲҿỴⱢЍ֮е ȳҢỴֵⱢ ֮

ế ֮ȴѳ Ṯӑ ›ȲӐᾈ◕П☼ ֯Ẓ ЍṖП Ȳ

ᴖ ☼ ὑ Ѭ ֥∟ԛἏϯ ☼ ȴѳ ṮᶙЏ∟Ȳ

ṿ ϯ ӐצϚ ҢỴЍṖ П☼ ȲᴖҢ Ở
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צ ᵂᵓӣȴᴞ 2004 דѿ∟Ȳ☼ ṳ Ὑ Є ⇔ оȴ 

ɦ М Ӕ 2ᾪ ᵫɧ(113ד 6ѣ)Ȳѳ

צ ѿϯẒצ ȸ 

(1) ☼ (Ѭ A3 : צ Ṯ ) 

ѳ  Ὼᾼ ☼ ҢỴѳ ṮȲ Ѿ ֮Ҡ

ᵂⱢ Ȳ ֮ ᾼӂᶁ☼ 6.5m/sȲѹ ϯ

1.8еѐȲ ӱҏѬ ếᾈ ԈЛᵓȲ Ṯ Ȳ

М֯׀ ȴ 

(2)Ё+ḳ (Ѭ A5 :Ё+ḳ цѬ Ḥ ) 

Ё+ḳ ѻ Мὑѳ ϱ ȴ ֵ

ᴯԚ֝ᾙ ȴѬᵓ ϚᾈЎи ѳ ᴟ ԏ Ȳ

ḋѬ’ ԏ ѿϱ Ѭ ȲὭ ’Ṏ ’ׄὭ֮

ᾼ ȴṼ ᴕ Ȳױ ṳӑ Ɫӱ Ẃȴ 

ׄ ɉׁשṅӢ ֵ֮ оц ѬỴ ֥ᾼ Ѡ 

ׄ ᴯὑừ Ϯ╦ вȲⱢ ѬṆ ὧ ќ

☼Ȳ֯ ὧ ϯ ҿỴ■ІὭ Ṯ ☼Ϥ ὧ Ȳẓצ ☻ȳѬ

ϩ ȳ ц ԏ ֵ ғ Ȳ☼ᾓ ד ứȲЛ ẁ

Ѭ Ȳ֝ Ϡ ֵ ᾼᴞ Ӣ ѿц רּ ᾼᾈỴ

ȴ 

ׄ ֵⱢ оПרּ ֮ȳҏЀẒỴ⁄ֵ ֮Ȳѹׄ צ

ֵ ȳᾛᴣ♄ ᴩȲ ҟׄ Бᶙכ ֵ Ḃ Џ

Ȳ ϩὑ ҒӢ ц רּ ȴ ɦ ☼

Ḃ ɧ( Ѭᵓ Ȳ2024)Ȳӭ›ԓ☼ в Є

цׄ иᾈ◕֯ᾙ ᶙכП ϯצҏ ᾈṮׄ

ԓ ЀȲׄ и☻ ϯ צ ֚ Ѭ ȴ ׄ ц

Ӣᾬֵ ἤȳ ȳᾈṮׄԓцᾬ ’Ṏ ֵ Ȳ ≈

ᴕֽᴶ ḟֵ ц ᾈЎӐṝἬẓצᾼ ȴױ

ứⱢӐ ӱ ẂȲ ￼ ֽ∟ Ὑȴ 

Є ɉׁשṅᾈדцӢ ’Ṏᾼ  
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Є ╥ừ ᾈᾼϱ ќ☼Ȳѻ☼ ּפ 8.5еṭȲϯ ᾈ◕

צ ᴩṮ☻Ȳϱ ᾈ◕Ɫᴞ ᾈ◕ȲЄ ẒỴӢ

Ȳ ֵ֮ⱢӢ  ᾼᴞӢ₤ Ӑ ᾬȴᴖ

М Ӕ 2ᾪ ᵫȲ֯ ϯȲЄ ҿỴ֯׀

Ѭ Ȳ Ѭ ᴯ ᾓꞋⱢ ṿӣȴ 

Ѭᵓ ҟ Є Ữ ᴟ ҇ ◕Пᾙ Џ Ȳ֮

ѠӖ цӖ ҏ ═ᾈЎ Ӑᾼ П ḖȲӑẃ ױ

ᴩ Ȳ ᴕ вҵᴞ Ѡכғ ẂȲ ứ Ӣ

’Ṏц ᵅ Ѭ П Ȳṳ ᵓ …Ϣ҉и ȴ 

ɦ Ὠכ ᵫɧᾼиέ ὨȲ ӭ› ᾃᾼ

(UC)ⱢѬ ȳЁ֮☻ӛ ȳ ’ṎếѬỴ

֥ȷᴖ ҳ ϡ ҳ  (∂Ӵ ϤӢ Ṇὢ ὑᴞ

Ѡ П ) Ю ᾼ -ᴞ Ѡ-Ӣ Ṇὢ

( 4- 3)ȲӐ ӭ›ᴕ ᾼᴞ ѠҠ צ ֮ ᾙȳᾈЎ

֮ ֮֯ ☻ ȷ ᾼӢ Ṇὢ (ES)ҠⱢ ȳ ֮

₇ ȳӢᾬֵ ἤ ȴẔМȲ֪Ɫ ֮ ᾙἨᾈЎ ֮ ᾼ

Ἐ֯ὑᵓӣɦ☻Ѭ ɧ(flood pulse) Ἠ с ֮₇ ȴɦ☻

Ѭ ɧ╥╓֯ᾈ☼Ἠ ᾜМȲӦὑủ ἤᾼ ​Ἠ ᴖі

ᾼ☻ѬἤѬᴯϱсếϯ ᾼ ȴ ἤѬᴯ о ᾈ☼ế

ᾜӢ Ṇ ẓצ ȴ☻Ѭ Ҡѿ ẁѬ Мᾼ иế

צ Ȳ‚ ѬӢ ᾬế ᾬᾼӢ ế ȴױҵȲһ ᵗצ

ὑ ═ᾈ☼Ἠ ᾜᾼӢᾬֵ ἤȲ֪Ɫһ Ḃ Ӣ Ȳṿ

Л֝ᾬ ֯Л֝ᾼѬᴯ ԈϯӢ׀ȴֽ ҳ ϡ ϡ

МЮ ᾼ Ἦѝᾈ( ᵌҖ )ᾼ Ẃ ӱȲ ⇔ Ғ☻ӛ

(ᵛ ẁ☻Ѭ ᾼ ᵗὑӢᾬֵצ( ἤᾼ сȴ 

ϱ ᾼг ֮ Ȳᴕ и֮ Б ╟Џ Ȳ и֮ ‍Ѭ

ᵓ ȲếϚᾈи ṳ ∟Ȳ Ӑ ứ

☼ ќ☼ׄ ϱ ᾈ◕ᵂⱢӱ Ȳ› Ὑ ӭ›

Ḃ ᾼ ⱢѬ ȳЁ֮☻ӛ ȳ ’ṎцѬỴ ֥Ȳ
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ӭ›ױ П Ɫ ’ṎцѬỴ ֥Ȳ֝ ḟᾈṮׄԓ

ц ᴩӢ х ױ ‎∕ ḟᾼ ȴ ὑ NbS Ϥ☼ (

! ᷄Лẞ ẃ ȴ) ứЊѐ⇔ ẂП NbS ╟☼ Ȳ  4-16

Ɫӱ П ╟☼ Ȳ∟ ֢Ḕ ᴩ Ὑȴ 

 

 
 4-16Њѐ⇔ Ẃ NbS ╟☼  

Њѐ⇔ Ẃ NbS ᴷ: ☼ ќ☼ׄ ϱ ᾈ◕ 

ứׁשṅ ц  

ῴ ▲ Ȳ ∟ Ѭᵓ ϚᾈЎ

и  (ѿϯ Ϛᾈи ) ∟ḟứ ɦׄ ɉׁשṅӢ ֮

ֵ оц ѬỴ ֥ᾼ Ѡɧױ ᴩׁשṅȲӦὑױ Ἤ

ᾼ Єֵ ὑ ’ṎȲѹֽ ἤ ῶ(ῶ 5- 7ȳ

ῶ 5- 8)ἬӱȲ ’Ṏ ֵ ᾿צ ד Ἠ ד Ȳ

֥ᵂⱢNbSӱ ȴ֝ ׄ ϱ ᾈ◕ⱢϚᾈ Ȳ

ῺדБᶙׄכ ϡ ϱ ПӢ ᵫ ד ṅȲשׁ

Ӑ ỴЏ ҏ∂ Ȳ֫ Ϛᾈи Ȳ╝Ӑ

ׄ ϱ ᾈ◕ᵂⱢׁשṅ Ȳиέ֥ ױ Ӣ ֵ֮

оц ѬỴ ֥ᾼ Ѡȴ 

▲Џᵂ 
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ׄ ᴯὑừ Ϯ╦ вȲⱢ ѬṆ ὧ ќ

☼Ȳ☼ ѻ Ӧ ạȳϚדҳủ☼ ứȲ ḕד 3ʲ

5 щ ᶠѬ ׄ ☼ ᵅȴ ẁ

ȲῺХדӂᶁᶠѬ Ὅ Ɫ 18cmsȳᶠѬ Ὅ Л

31cmsȲ Ḇ ᶮ ԓ ⁄ậ Ѝ

ᶠѬȲ Ӧщ ›ᴃ ☼ ☼Ϥׄ ѿ ═ׄ ᾼӢ

☼ ȴіѬ ▲ Ѭ ῈȲѿ ’ṥ ц╟Џ

Ϣ ׄԓȲ֝ Ɫ ▲ ׄ П ЊоȲ

ӭ› ϢЏᴃἼѬếד Ѭ ᵂȲ Ҡ ═ׄ

Л ☼ȴ 

ׄ צ ֵ ᾼᴞ Ӣ רּ ᾼᾈỴ Ȳᾘ

Ỵ ֵצ ếᴞᴩṞ Ȳṳѹ ᴩᾛᴣ♄ Ȳ ԏ ⁫

ȴӐ ὑ 7ѣ 14ѡ›Ἇׄ ϱ ᴩῈὁᵂ ȲБ֯

֮ ᴩϠῴḔᾼ ֮ ▲Ȳ֯ϱ ȲѬ☼ ≡ѹ Ȳ

ᾈ ҿ ֵⱢ ӥȲҢ ῺЍ Ȳ ! ᷄Лẞ ẃ ȴ

ӱϠ ᾼЁ֮ ᵓϢ ᵑȲѹ ▲ ᾃ ẞׄ Ϡᾛᴣ

♄ Ȳ ϡ  ῺӔ֯ ᴩ ֮ᾼ ∂Џ Ȳ∟

Ȳ ᴕ ױ ᾼЁ֮ṿӣ ᾓ ᴷ Ѡ Ҡᴩἤȴ 

 

 
 4-17в╜ Ё МїеצЁ֮ ᴥמּ) ) 

 

ד  

ɦׄ ᾈЎ ( ϡ ϱ ◕)Џ Ӣ ц
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Ӗ ɧⱢӖ Пכᶙד 110  Ȳױ ӦӖ

Ӗ ϩ Ȳ Ϥ֮֯П ҭϢѝȳᴞ Ӣ ȳ ȳӢ

♄ а Ȳ∂ ẓ֮Ѡ ᴥПᾈỴ ȴ 

Џ ᾈ◕ Ɫщ (ᾙ )ᴟ ϡ (ᾙ

)Ȳ ϡ ϯ ᾈ◕Б ᾙᶙכȲ ᾓ Є Ҡ

ד 25  ☻Ѭ ȴ ᾈ◕ҢỴ4 צ ᾎ Ṝ 

ד 25 ☻ѬᴯȲ֪ױ ỴȲẔӁ ᴯ ֽ  4-18  

4-19ἬӱȲ Ɫ ỴӁ ᴯ ȲԚצϮ Ȳ Џᵂᵽ Ȳ

֣ѿῺᴞ Џᾎ Ỵ( Юὑ 0.5̡פּ⇔ 1.2 еѐ)ȳ Ѭ

ӣׂשӰị Ȳ Ғ Ỵ’ ⇔ṳ’ Ӣ э Ȳ ⁄ ӣ

֫ Ё ᵂⱢѬṮ ȴ 

 

 
 4-18щ ᴟὙ╦ ỴӁ ᴯ (іӣᴞɦׄ ᾈЎ ( ϡ

ϱ ◕)Џ Ӣ цӖ ɧ) 
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 4-19Ὑ╦ ᴟ ϡ ỴӁ ᴯ (іӣᴞɦׄ ᾈЎ (

ϡ ϱ ◕)Џ Ӣ цӖ ɧ) 

ɦׄ ᾈЎ ( ϡ ϱ ◕)Џ Ӣ ц

Ӗ ɧӢ ▲ ὨԚ 345 ᾬế 98 ᾬȲẔМҔ

╗ 5 ’Ṏ ᾼּנ Ȳ ϡ ’Ṏ ᾬֽṚ ȳЄ′

ȳ Ṕ ȳש ȲцϮ ’Ṏ ᾬ ᴥѬ ȴ 

Ӑ ᴕɦׄ ᾈЎ ( ϡ ϱ ◕)Џ

Ӣ цӖ ɧᾼ Ỵᵉ ᴯ ếӢ ▲ ὨȲ

ậ Ӑ ד ᾼ Ȳṳ ỴЏ ҏ∂ ȴ 

ᵓ …Ϣ 

ɦׄ ᾈЎ ( ϡ ϱ ◕)Џ Ӣ ц

Ӗ ɧБצ ᾼ ȲҔ╗֮֯Ӗ ȳῂ ȳ‍

╜Ἀ ȳḋṭ е ȳ ӀеἬц ῏ Ȳ֢ ᾼ

ᾎҠ ῶ 4-9ȴ 
  



 

4-30 

ῶ 4-9 ᾎ ῶ(іӣᴞɦׄ ᾈЎ ( ϡ ϱ ◕)Џ

Ӣ цӖ ɧ) 

 
 

ứ цῂ ╚ ứḂ ӭ  

Ӧὑׄ ϡ ϯ ◕Б ᴩ ᾙȲᴖϱ ◕ ὑ

◕Ȳ֪ױ ѻ ϱ ◕(ϯ ◕Ҕᵶᴟ▪ҁᵾ ) ᴩ∟

ṅȴשׁ ɦ ☼ Ḃ ɧ( Ѭᵓ Ȳ

2024)ɦ М Ӕ 2ᾪ ᵫɧ(113ד 6ѣ)Ȳӭ›ԓ

☼ в Є цׄ иᾈ◕֯ᾙ ᶙכП ϯ

ҏצ ᾈṮׄԓ ЀȲᴖɦׄ ᾈЎ ( ϡ ϱ

◕)Џ Ӣ цӖ ɧׁשṅ Ὠ ӱׄ ϡ ϱ

צ◕ и ӑ Q95Ṯ☻ Ȳӑẃ ӑ П

ᴩ ᾙṳ ỴḂ ☻ ϩȴ ᴕᵓ …ϢП

(ῶ 4-9)Ȳֵ ᶦ ᾙЛ ὑϢЏоȲ ’ Пᾬצ

цӢ ֮Ȳѹׄ ӦὑѬ☼ ≡Ɫᾛᴣ ֮Ȳ֮֯ ԏ

Ϸ ϚẆ Ϥᴕ ȴ ɦ ѬṆ ▲ ᵫɧ ▲ ὨȲ

ϡ Ѭ☼ ≡ȲᾈЎ ֮ ₤ ϚȲ֪ױӑẃҠ

ֵ֮ оПӭ ᴩḂ ȴ 

ׄ Ɫȸ юЏ Ἤ ẃӢ ȳ’

ᾬצ ц ֮ếӉ ֵ о ֮ȷ ῂ ╚ Ɫȸ и ӑ
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ד25 Ṯ☻ Ȳ Пכ ​ṶԈׄצ

ԓ Ȳ֪ױ ứɦ ḳ ἤṳ ᾼӢ ɧⱢӭ Ȳ

ҏḂ Ѡᾎȴ 

цЏẓ  

ứḂ ӭ ∟ὑᴞ ѠЏẓ ᷄ ֥ПЏẓȴ֪Ɫ

ᴷׄ ПѬ ḳ цṿӣ ֮ ֥⇔╓ (habitat 

suitability index, HSI) ᴷ ѠП ѹ ֮ ֥⇔╓ ậ Ѭ

ȳ☼ Ȳ╝ ӣ HEC-RAS∂ӴѬ ₤ȴ ▲ ὨȲ

Џẓ вҠ ӣὑׄ П NbS ╟Ȳ Ϥ NbS ╟ṳ

ᴷẔ Ȳᵒ ╥ᵡ Ἤכ ứПӭ ȴ ᴷѠ Ȳṿ

ӣ HEC-RASиέѬ ᾭᾓ╥ᵡḂ Ȳ ᴷᴞ Ѡ╥ᵡ ẞṮ

ḳ ὨȴӢ ᴷ ӣ HSI ᴩЊѐ⇔иέȲHSI Ɫ

ậ ☼ ȳѬ ếἉᶩ ֥֮ Ṇ ẃ оᾬ Ἤ

П ֮₇ ȲҠ ӣὑֵѐ⇔ᾼ ֮ ᴷ П HSI ȴ

֯ậ ᴯ HSI ∟ȲṿӣҠӣ ֮ (WUAȲ

֮ ֥⇔ ד Ἤ )ᵒ Џ Ӣ Ἤ Пכ

ȴNbSᴞᶺ ᴷЏẓ ӣṼ IUCNᾼ NbSԓ П 8Є

⁄ц 28 ╓ Ȳ ᴷӱ Џᵂ ⇔ȲֽЊѐ⇔ Ẃ

NbS ╟☼ (  4-16)ἬӱȲᴞᶺ ᴷ ἬצḔ Ȳч≈

Ϛ Ởẞ∟ ᾼ ◕╥ᵡꞋ ֥ NbSП ȴ 

ᴩЊѐ⇔иέ ṿӣ ⇔ᾼ ֮ᶮ ₤Ȳ֯ ᴩ

Ȳ ›Ἇׄ ϱ ᾈ◕ ᴩ Ϣ (UAV)Ὲὁᵂ Ȳ

Ӕ ֽ  4-20ἬӱȲ Ȳ ѤȳἪ⅞ ֮

ῶᾬѿ ֮ᶮ ₤(DTM)ȴӐ ᵓӣ› ן ᾼ

ᴩῴḔиέȲ ᾓȳ Ғ Ỵц Ϥᴞ ѠϮ Ȳ

ᴷѬ Ԉц ֮ ֥⇔ᾼ оȴ֯∟ ◕ȲӨ ậ в╜

ẁᾼ 1 еѐ ֮ᶮ ₤Ȳ Ԓ›ṿӣᾼ ֮ᶮ ₤

ᴩ ӔȲṳѿױⱢ ∂ ₤ȲⱢ∟ иέ ẁḆ

ᾼ ќ ȴ  
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 4-20 Ӕ (щ ᴟѬ ) 

 

֪ׄ Ӧ ạ☼ Ȳ ế Ѐ ậ

ῺХדᾼ ậѬӂᶁѡ☼ ȲṳϠ щ Є

ціѬ ▲ ᾼ Ѡהȴ  4-21Ɫ щ

ᴟד108 гѣḕѣד113 Ὅᴟׄ ᾼӂᶁᶠѬ Ȳḕ

☼ủ╡ד Ȳɑ ֵὑױ ᴩ 3ᴟ 5щᾼіѬ ▲Ȳ

ϢЏᴃἼѬ ד Ѭ ᵂȲ Ҡ ═ׄ Л

☼ȴ  4-22Ɫ ῺϚ ѣȲ113ד 6ѣ щ ḕѡ

Ὅᴟׄ ᾼӂᶁᶠѬ Ȳ ӱȲӦὑᶠѬ Ὅ ạ

(31cms) Ὅ Л 30cmsȲЄ ищ Ꞌ ạ֯ 15cmsҿҢȴ

ẁП ȲӐ ậӂᶁ☼ (20cms)цӢ ☼

Q95 (7.8cms)W Ɫ☼ ϤȲѿ ☼ᾓȴ 

 

 
 4-21щ 108̡ ד113 6ѣᶠѬ Ὅ  
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 4-22щ ד113 6ѣᶠѬ Ὅ  

 

Ӑ ᴕɦ ѬṆ ▲ ᵫɧȳɦᾈЎӢᾬ╓

ᾬ иέцẔ פ⇔֥ ṅɧцɦᾈЎשׁ Ӣ ц ֮ ֥

פ⇔ ▲ ∂ ɧϮԌѝ Ȳṳ ᴩ ֮

֥⇔иέȴɦ ѬṆ ▲ ᵫɧ╓ҏׄ Ϯ╦

צ Ӱ ц Ѐ Ȳ Ӱ ṳ ᴕ

ɦᾈЎ Ӣ ц ֮ פ⇔֥ ▲ ∂ ɧ ᵫ П

Ӱ פ⇔֥ ᴩ ȴ 

Мѐ⇔ Ẃ NbS ᴷ: Ѐ Ӣ ᾬ ֮ 

֯Ӑ МȲМѐ⇔Пꜜứѿ Ӣ ᾬ ֮ ⱢѻȲМѐ⇔П

Ӣ Ṇὢ ᴷПẓ ☼ ֽ  4-23ἬӱȲ Њѐ⇔П ▲☼ ד

ᴿȲ֯ ứׁשṅ ц ∟Ȳ ▲Џᵂṳ ҏ ȳῂ ╚

ӭ Ȳ ѩ ᴞ ѠЏẓ Ȳ ѿ ֥ ᴷПЏẓ ᴩẓ

ᴷȴ 
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 4-23Мѐ⇔ Ẃ NbS Ϥ☼  

 

▲Џᵂ 

Ѭᵓ Пɦ ☼ ᾙ ᵫɧȲМѐ⇔П╚

Ɫ ☼ Ӣ ȴ ᾓ֯ᾙ ᵫМȲ

Ѭᵓ ד ПМѐ⇔Ӣ ѻ Ɫ ЀѬ ’

ȴ╝Ӑ Џẓ Ȳ╚ InVESTᵂⱢṿӣ Ȳה ᴷ

Ѐ Ӣ ᾬ ֮П ֮₇ ȴ Ѐ Ӣ ᾬ’ ѻ

Ё֮ᵓӣⱢѬȳḘ☺/ ֮ц ֮ȲẔМȲѬ Ḙ☺/ ֮Ɫ

ЀѬ ֮Ȳѻ ֯№ Ҕᵶ: ῑ ᴆ╬ȳᴆѬȳᾈ

Ỵ ♄ ȳ Ṟ♄ ц ȴᾈỴ ♄ ( Ѭᵓ Ȳ

2021)ȴׁשṅ ПЁ֮ᵓӣȳ ה ứֽ  4-10ȳῶ 4-5ц

ῶ 4-6Ἤӱȴ 

ד  

Ӑ ѻ ᴕɦ ᾙ ᵫɧȳɦ ᾙ

ᵫ ɧḟứМѐ⇔ ȲẒԌ ᵫ Ꞌ ҏ Ѐ

Ӣ ᾬ ֮П’═ Ɫ ᾙ М Ȳ╝Ӑ

ứ☼ в Ѭᵓ ד П ЀӢ ᴩ

ȴ 
























































































































































































































































































































































































































































































