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/ƻǇȅǊƛƎƘǘ ϭ ʃʰˉʰʴʶ˖ˊʴʾˇˎ ɰʰˋʽ˂ʽˁʺΣ нлнп 

ɾʶ ʶˉʽ˒ˏ˂ʰ˅ʹ ˉʰ˄ˍˈˌ ʵʽˁʰʽ˗˃ʰˍˇˌΣ All rights reserved. 

ɮˉʰʴˇˊʶˏʶˍʰʽ ʹ ʰ˄ˍʽʴˊʰ˒ʺΣ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ʵʽʰ˄ˇ˃ʺ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΣ ʶ˅ˇ˂ˇˁ˂ʺπ
ˊˇˎ ʺ ˍ˃ʺ˃ʰˍˇˌ ʰˎˍʺˌΣ ʴʽʰ ʶ˃ˉˇˊʽˁˈ ˋˁˇˉˈΦ ɳˉʽˍˊʷˉʶˍʰʽ ʹ ʰ˄ʰˍˏˉ˖ˋʹΣ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ 
ʵʽʰ˄ˇ˃ʺ ʴʽʰ ˋˁˇˉˈ ˃ʹ ˁʶˊʵˇˋˁˇˉʽˁˈΣ ʶˁˉʰʽʵʶˎˍʽˁʺˌ ʺ ʶˊʶˎ˄ʹˍʽˁʺˌ ˒ˏˋʹˌΣ ˎˉˈ ˍʹ˄ ˉˊˇːπ
ˉˈʻʶˋʹ ˄ʰ ʰ˄ʰ˒ʷˊʶˍʰʽ ʹ ˉʹʴʺ ˉˊˇʷ˂ʶˎˋʹˌ ˁʰʽ ˄ʰ ʵʽʰˍʹˊʶʾˍʰʽ ˍˇ ˉʰˊˈ˄ ˃ʺ˄ˎ˃ʰΦ ɳˊ˖ˍʺ˃ʰπ
ˍʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ˔ˊʺˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌ ʴʽʰ ˁʶˊʵˇˋˁˇˉʽˁˈ ˋˁˇˉˈ ˉˊʷˉʶʽ ˄ʰ ʰˉʶˎʻˏ˄ˇ˄ˍʰʽ 
ˉˊˇˌ ˍˇ ˋˎʴʴˊʰ˒ʷʰΦ 

ʁʽ ʰˉˈ˕ʶʽˌ ˁʰʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ˋʶ ʰˎˍˈ ˍˇ ʷʴʴˊʰ˒ˇ ʶˁ˒ˊʱʸˇˎ˄ ˍˇ ˋˎʴπ
ʴˊʰ˒ʷʰ ˁʰʽ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ʶˊ˃ʹ˄ʶˎʻʶʾ ˈˍʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʽˌ ʶˉʾˋʹ˃ʶˌ ʻʷˋʶʽˌ ˍˇˎ ɳʻ˄ʽπ
ˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎ.  
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ʃʶˊʾ˂ʹ˕ʹ 

 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˉʰˊˇˏˋʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʻʰ ʴʾ˄ʶʽ ˃ʶ˂ʷˍʹ ʴʽʰ ʶ˒ʰˊ˃ˇʴʺ ˂ˏˋʶ˖˄ 

ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ όNature Bases Solutions, NBSύ ˋˍʹ ˂ʶˁʱ˄ʹ ʰˉˇˊˊˇʺˌ ˍˇˎ ɮˊˍʶ˃ʽˋʾˇˎΣ 

ˍʹˌ ɰˈˊʶʽʰˌ ɳˏʲˇʽʰˌ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˄ʶˊˇˏ ˋˍ hˁ ʰ˃ʷ˄ʰ ʶʵʱ˒ʹ ̱ ʹˌ ˉʶˊʽˇ˔ʺˌ. ɶ ˃ʶ˂ʷˍʹ 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍʹ ˂ʶˁʱ˄ʹ ʰˉˇˊˊˇʺˌ όɽɮʃύ ˍˇˎ ɮˊˍʶ˃ʾˋʽˇˎ ʶˉʽ˒ʱ˄ʶʽʰˌ ооΦрс ˍΦ˔˂˃ΦΣ ˃ʽʰ ʰˉˈ 

ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʷˉ˂ʹ˅ʰ˄ ˇʽ ˃ʶʴʱ˂ʶˌ ˉˎˊˁʰʴʽʷˌ ˍˇ нлнм ˁʰʽ ˃ʶˍʷˉʶʽˍʰ ˉ˂ʹ˃˃ˏˊʶˌ ˍˇ нлноΦ 

ɮˊ˔ʽˁʱΣ ʵʽʶˊʶˎ˄˗˄ˍʰʽ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˍʹˌ ˉˎˊˁʰʴʽʱˌ ˁʰʽ ˍʹˌ ˉ˂ʹ˃˃ˏˊʰˌΣ ˁʰʽ ˉ˖ˌ ʰˎˍʱ 

˃ˉˇˊˇˏ˄ ˄ʰ ʰ˂˂ʹ˂ʶ˅ʰˊˍʹʻˇˏ˄Σ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˇʽ ʶˉʽʵˊʱˋʶʽˌ ˍˇˎˌ ˋˍˇ ʷʵʰ˒ˇˌ ˁʰʽ ˋˍʽˌ 

˔ˊʺˋʶʽˌ ʴʺˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄Φ  ɴˉʶʽˍʰΣ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˇʽ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹ όNature - 

Based Solutionsύ ˁʰʽ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˇˊʽˋ˃ʷ˄ʶˌ ʷˊʶˎ˄ʶˌ ʰ˂˂ʱ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ 

ˋʶ ˒ˎˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˈˉ˖ˌ ʶʾ˄ʰʽ ˍˇ ʹ ˂ʾ˃˄ʹ ²ƻƭƻƴƎ ˋˍʹ˄ ɼʾ˄ʰΣ ˍˇ ʃʱˊˁˇ tƻǊǘƻŦƛƴƻ ˋˍʹ˄ 

ɹˍʰ˂ʾʰΣ ʹ ˃ʶ˂ʷˍʹ ʴʽʰ ˔ˊʺˋʹ ˋˎ˄ʵˎʰˋ˃ʷ˄˖˄ Nature ς Based Solutions ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ 

ʃʹ˄ʾˇˎΣ ʰˉˇˁʰˍʱˋˍʰˋʹ ˉʰˊʱˁˍʽˇˎ ˇʽˁˇˋˎˋˍʺ˃ʰˍˇˌ ˋˍˇ ɶ˄˖˃ʷ˄ˇ ɰʰˋʾ˂ʶʽˇΣ ˁΦˇΦˁΦ 

ɳ˄ ˋˎ˄ʶ˔ʶʾʰ, ˃ ʶ ʴ˄˗˃ˇ˄ʰ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ˁ ʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ʰˉˈ ˍˇ˄ ˁˇ˄ˍʽ˄ˈˍʶˊˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˋˍʰʻ˃ˈ ˉʰˊʱ˔ʻʹˁʶ, ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 

GIS (Geographical Information Systems) ˁʰʽ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʽ˄  ˍˇ ʌʹ˒ʽʰˁˈ ɾˇ˄ˍʷ˂ˇ 

ɳʵʱ˒ˇˎˌ όDEM), ˍˇ ˎʵˊˇʴˊʰ˒ʽˁˈ ʵʾˁˍˎˇ ˍʹˌ ɽɮʃ ˍˇˎ ɮˊˍʶ˃ʽˋʾˇˎΦ ʁʽ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍˇˎ 

ˎʵˊˇ˂ˇʴʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰ HEC ς HMSΣ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ 

SCS ¦ƴƛǘ IȅŘǊƻƎǊŀǇƘ ˁʰʽ ˍʹ ˃ʷʻˇʵˇ {b¸59w. ɶ ˃ʶ˂ʷˍʹ ʴʽʰ ˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˍʹˌ ˉ˂ʹ˃˃ˏˊʰˌ ʷʴʽ˄ʶ 

˃ʶ ˍʹ˄ ʶ˅ʷˍʰˋʹ ʷ˅ʽ ˋʶ˄ʰˊʾ˖˄Σ ʴʽʰ ʵʽʱˊˁʶʽʰ ʲˊˇ˔ʺˌ d = 6h ˁʰʽ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ T = 25y, 

T = 50y, T = 100y ˁʰʽ ʴʽʰ ʵʽʱˊˁʶʽʰ ʲˊˇ˔ʺˌ d = 9h ˁʰʽ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ T = 25y, T = 50y, T 

= 100y. ɶ ˂ˏˋʹ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʶʾ˄ʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵˏˇ 

ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ˂ʽ˃˄˗˄ ˃ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵʰˋʽˁ˗˄ ˊˎʻ˃ʽˋˍʽˁ˗˄ ʸ˖˄˗˄ ʴˏˊ˖ ʰˉˈ ˍʽˌ ˁˇʾˍʶˌ 

ˍˇˎˌΦ ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ ʻʷˋʹˌ ˍˇˉˇʻʷˍʹˋʹˌ ˍ˖˄ ˂ʽ˃˄˗˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ 

˃ʷʻˇʵˇˌ !ƴŀƭȅǘƛŎŀƭ IƛŜǊŀǊŎƘȅ tǊƻŎŜǎǎ όɮɶP) ˃ʶ ˁˊʽˍʺˊʽʰ ˍʹ˄ ʰˉˈˋˍʰˋʹ ʰˉˈ ˊʷ˃ʰˍʰΣ ˍʹ˄ 

ˁ˂ʾˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˍˇ ˎ˕ˈ˃ʶˍˊˇΣ ˍʹ˄ ʰˉˈˋˍʰˋʹ ʰˉˈ ʰˋˍʽˁˈ ʽˋˍˈ ˁʰʽ ʰˉˈ ˇʵʽˁˈ ʵʾˁˍˎˇΣ ˍʽˌ 

ˁʰ˃ʷ˄ʶˌ ʶˁˍʱˋʶʽˌ ˁʰʽ ˍʽˌ ˔ˊʺˋʶʽˌ ʴʹˌ ʰˉˈ ˍˇ /ƻǊƛƴŜ [ŀƴŘ /ƻǾŜǊ нлму ˍˇˎ ɳˎˊ˖ˉʰʿˁˇˏ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ /ƻǇŜǊƴƛŎǳǎΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ʶʽˋʺ˔ʻʹˋʰ˄ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ GIS ˁʰʽ 

ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˇ ˔ʱˊˍʹˌ ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰˌΣ ʰˉˈ ˍˇ˄ ˇˉˇʾˇ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˍʰ ʵˏˇ ˋʹ˃ʶʾʰ 

ʶ˒ʰˊ˃ˇʴʺˌ ˍ˖˄ ɿBS. 
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ɾʶ ʵʶʵˇ˃ʷ˄ʹ ˍʹ˄ ˏˉʰˊ˅ʹ ˍ˖˄ ʵˏˇ ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ˂ʽ˃˄˗˄ ʷʴʽ˄ʶ ˅ʰ˄ʱ ʹ ˎʵˊˇ˂ˇʴʽˁʺ ˃ʶ˂ʷˍʹ 

ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ HEC ς HMSΣ ˍʹˌ ˇˉˇʾʰˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˎʴˁˊʾʻʹˁʰ˄ ˃ʶ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˔˖ˊʾˌ ˍʹ˄ ˏˉʰˊ˅ʹ ˍ˖˄ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹΦ ɱʽʰ ˄ʰ 

ʴʾ˄ʶʽ ˉʽˇ ʰ˄ˍʽ˂ʹˉˍʺ ʹ ˋˎ˃ʲˇ˂ʺ ˍ˖˄ NBS ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˍˇ Causal Loop Diagram ʴʽʰ ˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˍˇˎ ɮˊˍʶ˃ʽˋʾˇˎΣ ˋˍʹ ɰˈˊʶʽʰ ɳˏʲˇʽʰΣ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ 

ˁʰˍʱˋˍʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ ˁʰʽ 

˃ʶ ʶ˅˖ˍʶˊʽˁˇˏˌ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ 

Vensim. ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʶʾ˄ʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ʻʶˍʽˁʱ ˃ʶ ʰˉˇˍˊˇˉʺ ˍʹˌ 

ˉ˂ʹ˃˃ˏˊʰˌ ˋˍʰ ˁʰˍʱ˄ˍʽ ˍ˖˄ ˍʶ˔˄ʹˍ˗˄ ˂ʽ˃˄˗˄Σ ˁʰʽ ˃ʶʴʱ˂ʶˌ ˉˊˇˇˉˍʽˁʷˌ ʰ˄ʱˁʰ˃˕ʹˌ ˍʹˌ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ  
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Abstract 
 

In the context of this thesis, a study will be conducted on the implementation of Nature-

Based Solutions (NBS) in the drainage basin of Artemisio, Northern Euboea, for water 

management in the burned areas of the region. The study is applied to the drainage basin of 

Artemisio, covering an area of 33.56 km2, one of the areas affected by the major wildfires in 

2021 and subsequent floods in 2023. Initially, the phenomena of fire and flood are 

investigated, and how they can be interrelated, as well as their effects on the soil and land 

uses of the areas. Moreover, Nature-Based Solutions are analyzed, as well as some 

researches and applications are mentioned, such as Lake Wolong in China, Portofino Park in 

Italy, the study research of the use of combined Nature-Based Solutions along the Pinios 

River, coastal ecosystem restoration in the United Kingdom, etc. 

 Subsequently, based on the existing situation of the study area and data from the nearest 

meteorological station, using GIS (Geographical Information Systems) and considering the 

Digital Elevation Model (DEM), the hydrographic network of the drainage basin of Artemisio 

is generated. The simulations of the hydrological model were carried out using the HEC-HMS 

program, with the SCS Unit Hydrograph method and the SNYDER method. The flood risk 

assessment was conducted by examining six scenarios, for a rainfall duration of d = 6h and 

return period T = 25y, T = 50y, T = 100y, and for a rainfall duration of d = 9h and return 

period T = 25y, T = 50y, T = 100y. The selected solution for the study area is the creation of 

two flood lakes with the establishment of forest buffer zones around their beds. The 

selection of the suitable placement position for the lakes utilized the Analytical Hierarchy 

Process (AHP) method, considering criteria such as distance from streams, soil slope, 

elevation, distance from urban areas and road network, burned areas, and land use from the 

Corine Land Cover 2018 of the European Copernicus program. This data was imported into 

GIS software to create a suitability map, from which two application points for Nature-Based 

Solutions (NBS) were selected.  

Given the existence of the two flood lakes, a hydrological study of the area was re-conducted 

using the HEC-HMS program. The results were compared with the study results without the 

presence of nature-based solutions. To better understand the contribution of NBS, a Causal 

Loop Diagram was created for the study area of Artemisio, in Northern Evia, incorporating 
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the existing state of the area, the results using nature-based solutions, and external 

socioeconomic factors using the Vensim program. The study results are expected to be 

positive, with flood prevention in the areas of the artificial lakes and significant prospects for 

the recovery of the biodiversity of the study area. 
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Extended Abstract 
 

Nowadays, human activities have reached an advanced level and the ecological awareness is 

beginning to take significant steps, especially in the industry, researchers are working on 

ways to alleviate the pressures exerted by climate change (United Nations Framework 

Convention on Climate Change, 1998). A set of innovative solutions for managing natural 

systems in a way that can balance benefits for both nature and society is called Nature-

Based Solutions (NBS ~ UWE, Bristol, 2021). The term refers to "techniques inspired by, 

supported by, or copied from nature" (World Bank Climate Change and Adaptation, DC, 

2008), meaning that by applying observations from nature, risks facing today's society, such 

as intense floods and sudden droughts, are addressed in a more sustainable way, adapting 

to and integrating with the environment without constructing large infrastructure projects. 

Nature-Based Solutions are a technique applied globally, as climate changes have become 

evident not only to scientists but also to the wider society in its daily life across all 

geographic regions. Implementing NBS have become essential for the survival of both 

human species and the rest of the Earth's biodiversity. Examples of such climate changes 

include sudden snowstorms in Europe in 2023, earthquakes in non-seismic regions, large 

wildfires followed by severe droughts and subsequent floods. Examples in Greece include 

the floods in Mandra, Attica, in November 2017, where radar measurements from the 

National Observatory recorded rainfall exceeding 200 mm in just 6 hours. Subsequent 

events include floods and strong winds in Halkidiki in July 2019, floods in Thessaly and 

Magnesia due to the "Ianos" storm in September 2020, a major wildfire that almost burned 

down Northern Evia in August 2021, followed by a significant flood in September 2023, and 

the recent storm "Daniel," causing flooding again in Thessaly and some areas of Magnesia. 

The current situation in Northern Evia is of great scientific interest, as its mountainous 

forested areas have been mostly burned, turning fertile soil with rich flora and fauna into a 

hospitable environment for floods, rich in eroded materials. Evia is the second-largest island 

in Greece, covering an area of 3,654 square kilometers, with an altitude of 1,734 meters, 

and a large portion of it covered by forested areas. The destructive wildfire that occurred in 

Northern Evia from August 3rd to August 11th, 2021, burned an area of 520,000 acres, 

according to the 2022 forest census, while the unburned areas amounted to 43,940 acres. 
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These wildfires were expected to be followed by intense floods, as happened in September 

2023 with the storm named "ELIAS," causing significant flooding throughout Evia, especially 

in the burned areas. Heavy rainfall, lasting up to 12 continuous hours, triggered landslides 

and floods, with the peak in the Istiaia region, where 400 cubic meters of water per acre 

were recorded in a 24-hour period, and within 6 hours, 150 cubic meters of water per acre. 
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Study Area 

The subject of this Master's Thesis involves the development and exploration of scenarios 

for water management through Nature-Based Solutions (NBS) in the Northern Evia region, 

specifically in the Artemisio watershed. The study will examine Nature-Based Solutions in 

natural environments, both in a theoretical background and in applied studies. Additionally, 

a model will be developed for the study area to assess and explore scenarios for the 

performance of nature-based measures in reducing the impacts of wildfire, drought, and 

floods. In the study and application examples, various approaches are observed, providing a 

background for the selection of suitable NBS in the Artemisio watershed. The study area has 

been affected by both wildfires and subsequent floods. The historical context makes it 

necessary to investigate the impacts of both wildfire and flooding on the geomorphological 

characteristics of the area, which cannot be studied as a regular natural extension due to 

these events. 

For hydrological simulation, the HEC-HMS 4.11 program was used, while the ArcMap 10.3 

program, in conjunction with the HEC-GeoHMS toolbox, was used for the geomorphological 

analysis of the watershed. A comprehensive model is applied to estimate the Unit 

Hydrograph (UH), using Isochrone Curves. The study for selecting the appropriate type of 

NBS was conducted by examining six scenarios for rainfall duration and recovery period. 

Two artificial flood ponds were chosen, along with forested regulatory zones around them. 

The Analytical Hierarchy Process (AHP) analysis is then applied to create a suitability map for 

the points where NBS can be implemented. From this map, two locations are selected. With 

the presence of the two ponds, the hydrological model is solved again, and differences 

between the models are observed. Additionally, using the Vensim program, a Causal Loop 

Diagram is created to study the dynamics of the flood ponds system in Artemisio on both 

environmental and socio-economic scales in relation to the existing situation. The study of 

System Dynamics (SD) is often conducted to understand the complex interactions within the 

system, providing insights into the dynamic behavior of the flood ponds in the Artemisio 

region. 

 

 



~ 11 ~ 

 

The Forest Fires 

Forest fires are an integral part of natural ecosystems, occurring at regular intervals as part 

of the natural life cycle, often triggered by events such as lightning, especially in mature 

forests of Aleppo pine and hard pine, where fire serves as a regenerative tool. However, 

when the accumulation of combustible material, including both dead and living plant 

tissues, exceeds the level that can be recycled, an increase in forest fires is observed 

(Kalabokidis et al., 2002). During the burning of a forest area, soil erosion occurs as trees, 

which normally help control water momentum, are no longer present. This leads to 

increased flooding in downstream areas. Additionally, wildfires can cause soil hydrophobia, 

making the soil less permeable and leading to increased runoff and the transport of 

sediments. 

Furthermore, forest fires affect various soil properties. The intensity, type of fire, as well as 

the temperatures developed on the soil surface and within the soil mass, in relation to their 

duration, influence the changes observed (De Bano et al., 1979). The main changes are 

observed in the nutrient status, acidity, and certain physical properties of the soil. 

Moreover, forest fires affect soils with a low clay content and reduced buffering capacity 

more than other soils. Hetsch (1980) measured a decrease in soil acidity from 3.2 to 5.3 in 

sandy soil in Germany one year after a fire, and four years later, the value had dropped to 

4.9. In contrast, Arianoutsou-Farangitaki (1979) recorded pH values ranging from 7.39 to 

8.18 in clayey soils on Mount Ymittos, with pH levels from 7.17 to 8.24, after a fire in 

shrubland. Additionally, after a fire, soil erosion increases, affecting soil productivity. The 

increase in soil erosion leads to the occurrence of torrential phenomena, contributing fertile 

fine soil particles to streams. Simultaneously, the fire burns the organic layer on the soil 

surface, making the soil water repellent and increasing sediment production. Open areas 

covered by grasses and few shrubs are more easily eroded than dense forests. For this 

reason, cultivation and preparation of burned forests for reforestation are recommended to 

be carried out a few months before the onset of autumn rains. 

Changes are also observed in soil temperature. When a forest fire breaks out and burns 

organic matter, temperatures on the soil surface reach 300-плл ϲ/Σ ǿƘƛƭŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀǘ 

depths of 1 cm, 3 cm, and 5 cm reach 200-олл ϲ/Σ сл-ул ϲ/Σ ŀƴŘ пл-рл ϲ/Σ ǊŜǎǇŜŎǘƛǾŜƭȅΦ hƴ 

ŀǾŜǊŀƎŜΣ ǎƻƛƭ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜǎ ōȅ мл ϲ/ ŀŦǘŜǊ ŀ ŦƛǊŜΣ ŘǳŜ ǘƻ ǘƘŜ ŘŜŀǘƘ ƻŦ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊΣ 
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soil exposure, and changes in physicochemical properties (Liberopoulos, 2008). It is worth 

noting that clayey soils heat up less compared to sandy soils. Finally, soil moisture retention 

is significantly affected. The soil has the ability to retain a certain amount of rainfall in the 

form of moisture. This moisture retention capacity varies by soil type and is determined by 

factors such as depth, texture, and structure. 

 

Floods in Forest Areas 

As mentioned above, forest areas contribute to the retention and storage of a large volume 

of rainwater, as well as to the protection of the soil from erosion. The impact of vegetation 

on floods is quantified by the numerical expression of the hydrological processes that take 

place during a rainfall event. These processes include water retention by plants, foliage, and 

humus, the infiltration of rain into the soil, surface and subsurface runoff, permanent and 

temporary water retention in the soil as moisture, and soil erosion. 

The geological morphology of the soil in the area of Euboea consists mainly of schistoliths, 

fine-grained sedimentary rock containing a mixture of clay minerals and microscopic 

fragments of other minerals such as calcite and quartz, and is a waterproof rock with low 

mechanical strength. As a result, water is not retained in these soils, and it flows downhill 

through surface runoff. 

 

Introduction to Nature ς Based Solutions 

Natural-based solutions (NBS) are actions inspired and supported by nature, effective in 

terms of their cost while providing environmental, social, and economic benefits, thus 

building resilience, which is essential for climate change. Essentially, they are actions 

inspired by the functioning of nature, creating harmonious environments through locally 

adapted, efficient resources, and systemic interventions. Their practices help increase 

biodiversity, absorb carbon dioxide, contribute to climate balance, aid in the proper 

management of natural resources, offer natural restoration, and simultaneously install 

green upgrades in urban landscapes. 

NBS systems have eight principles: 
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1. Embrace the rules of nature in technical works. 

2. Can be applied alone or in combination with other solutions to social challenges 

(e.g., technological and engineering solutions). 

3. Determined by local, natural, and cultural uniqueness, resulting from the blend of 

traditional, local, and scientific knowledge. 

4. Produce social benefits in a fair manner, establishing transparency and broad 

participation. 

5. Maintain biological and cultural diversity and the ability of ecosystems to evolve over 

time. 

6. Applied at a landscape scale. 

7. Recognize the trade-off between the immediate economic benefits and those 

derived over time from the full development of ecosystem services. 

8. Integral parts of policy designs, measures, or actions to address specific challenges. 

According to the International Union for Conservation of Nature (IUCN), NBS systems are 

"actions for the protection, sustainable management, and restoration of natural or modified 

ecosystems." The backbone of nature-based solutions is the sustainable management and 

restoration of ecological balance, through direct addressing of environmental and socio-

economic challenges. Based on these challenges, IUCN has categorized these solutions into 

five categories: 

1. Ecosystem restoration approaches involve actions that improve any degraded 

ecosystem, including agricultural areas, savannas, wetlands, protected wildlife 

reserves, fisheries, managed plantations, rivers, coastal areas, and many more. The 

tangible benefits of this decade can be found in the Sustainable Development Goals 

(SDGs), such as nature-based solutions for climate change mitigation and adaptation, 

water and food security, poverty reduction, economic development, and biodiversity 

conservation. 

2. Approaches for agriculture and soil biodiversity aim to promote dialogue between 

the agriculture and conservation sectors and encourage governments, businesses, 

and land managers (including rural communities) to implement a common vision for 
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protecting and restoring biodiversity in farms and rural landscapes, including the 

ecosystems on which agriculture depends. 

3. Approaches related to disaster risk reduction should not be considered in isolation, 

but rather addressed through integrated landscape-scale approaches and 

incorporated into broader examples of development and conservation. Ecosystem-

based disaster risk reduction (Eco-DRR) and ecosystem-based adaptation (EbA) are 

relevant approaches that can be considered continuous, from mitigating large-scale 

disasters such as tsunamis and landslides, to adapting to different climate 

conditions. 

4. Approaches related to climate change, with the reduction of greenhouse gas 

emissions related to deforestation and land use, the collection and storage of carbon 

dioxide from the atmosphere, and the enhancement of ecosystem resilience, 

supporting society to adapt to climate risks such as floods, sea level rise, more 

frequent and intense droughts, heatwaves, and wildfires. 

5. Approaches related to urban areas, which can improve the economic and aesthetic 

sustainability, resilience, and viability of cities. Trees clean pollutants, reduce noise, 

and cool the air. Wetlands and rain gardens reduce the risk of flooding. Seaweeds 

and marshes regulate storms. Green spaces facilitate exercise, mental well-being, 

and community interaction, while green corridors support active transportation. 

Beyond the categorization promoted by the IUCN, at the European level, according to 

Eggermont, et al. (2015, p. 244), these solutions are distinguished into three types based on 

their degree of intervention in the environment: 

1. Type 1: Minimal intervention in the ecosystem. In this case, the interventions are of 

very low intensity, in order to maintain and improve the existing protection. 

Characteristic cases include the protection of coastal areas threatened by extreme 

weather conditions, as well as protected areas and transition areas where a 

community lives and works sustainably. 

2. Type 2: Partial intervention in the ecosystem. This type is directly related to 

agriculture and forest areas. Its goal is to increase the functionality of existing 

agricultural areas and to increase the resilience of forests to extreme phenomena. 
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3. Type 3: Extensive intervention in the ecosystem. This type involves the extensive 

management of ecosystems and the creation of new artificial means to mitigate the 

impacts on the atmosphere and waters. One of the representative examples 

mentioned by Eggermont, et al. is "green infrastructure, which operates to restore 

degraded areas," such as addressing pollution from stormwater. 

The two tables below show the three types of interventions in the nature of NBS 

with color differentiation (Table 1) and an overview of the flood risk reduction that 

can be achieved within the context of riparian ecosystems depending on the degree 

of intervention required to implement them (Table 2).  
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Approaches to nature-based solutions have sporadically developed in various time periods. 

Recently, there has been a notable increase in their inclusion in scientific literature, which 

arises to a greater extent from their practice rather than their scientific research. 
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The advantages of NBS 

Nature-based solutions (NBS) have many advantages that make them attractive for water 

resource management and addressing climate change, which the Earth is increasingly facing 

over time. With the 2000/60/EC Framework Directive, the choices of the European Union 

member states for water management are limited, as large-scale infrastructure projects are 

no longer an option. This, combined with the extreme weather phenomena observed in 

recent years, is pushing researchers to solve problems such as floods and droughts in more 

ecological and economical ways, which are the nature-based solutions.  

Initially, NBS promote biodiversity by creating or enhancing natural ecosystems, restoring or 

even creating new habitats that, depending on their climatic and geographic characteristics, 

can protect animal species that are endangered, help existing ones to thrive in their natural 

environment, and move away from urban areas due to the reduction of forested areas. 

Additionally, they provide protection from floods and droughts by functioning as natural 

water absorption systems, reducing the risk of floods, promoting the creation of natural 

lakes and dams, which improve water resource management during periods of drought. 

They offer opportunities for community participation in their design and implementation, 

promoting sustainability, i.e., the use of natural ecosystems to ensure their future quality 

and balance. In many areas, the general public is given the opportunity to participate in the 

creation of NBS under the guidance of experts, a prominent example being the WWF 

Greece's initiative on the island of Naxos, which is further detailed in the next chapter. 
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One major advantage of NBS is their economic efficiency, as they are much more cost-

effective than infrastructure projects, mainly because the raw materials they use are largely 

provided by the natural environment and do not require tons of artificial materials such as 

concrete and steel, the prices of which, as well as processing and extraction, are high. 

Therefore, they offer a more sustainable use of resources, with respect for nature. 

Additionally, they can help address desertification and soil loss by upgrading groundwater, 

making the soil more fertile, and creating new forest areas. These factors not only improve 

the natural environment but also enhance the quality of life for residents of surrounding 

areas and recreational areas for tourists, thus upgrading the quality of life and tourism in 

the respective areas. Finally, one could characterize NBS as a form of resistance to climate 

change, although their role corresponds more to adapting the land to expected climate 

changes and correcting erroneous human interventions in the natural environment, such as 

channelization of streams, river narrowing, urbanization of floodplains, etc. 
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What is the use of System Dynamics (SD) in NBS 

Despite the increasing attention to Nature-Based Solutions (NBS), there is a need for strong 

evidence of their multiple benefits, as well as assessment frameworks to demonstrate their 

effectiveness. Existing assessment frameworks are still far from supporting a comprehensive 

evaluation and decision-making process for the selection and use of appropriate NBS 

(Calliari et al., 2019). Most of these frameworks focus on analyzing effectiveness in terms of 

risk reduction. The main limitations are linked to the lack of involvement of stakeholders 

(Calliari et al., 2019; Narayan et al., 2017) and the limited ability to analyze the potential of 

NBS to produce co-benefits and describe the dynamics related to their implementation 

(Kabisch et al., 2016; World Bank, 2017). The use of System Dynamics Models (SDM) can 

help examine the behavior of complex systems over time by transforming the system into a 

set of variables through feedback loops (Chen and Wei, 2014; Zomorodian et al., 2018). 

Many recent studies have highlighted the importance and potential of stakeholder 

engagement in the design and management of water resources (de Vito et al., 2019, 2017, 

Gastelum et al., 2018, Pagano et al., 2018, Wang et al., 2018), as well as in the field of 

"water security" (Chapman and Darby, 2016, Chen and Wei, 2014, Pagano et al., 2017, Phan 

et al., 2018). The number of studies using SDMs to conduct comprehensive analysis of the 

impact of multiple measures, such as NBS, on flood risk and other environmental issues is 

relatively small. Chu et al. (2010) adopted an SD-based approach to analyze an artificial lake 

in an urban environment, simulating the impact of multiple different strategies. SDMs have 

also been used to identify the psychological models of stakeholders and simulate a dynamic 

wetland (Chen et al., 2014). This technique has also been used to assess flood resilience in 

the case of typhoons, evaluating the impact of creating green infrastructure (shelter, inflow 

storage facilities, and permeable roads) (Song et al., 2018). 

The use of System Dynamics achieves active collaboration and the combination of different 

specializations and interdisciplinary skills, thus building greater confidence in the models 

(Zomorodian et al., 2018). Furthermore, it contributes to the identification of complex 

interactions among system elements, helping to predict potential impacts or political 

resistance (Meinherz and Videira, 2018; Pluchinotta et al., 2019a), as well as to identify 

suitable strategies for influencing systems (Lopes and Videira, 2017). Finally, beyond 

modeling, the entire process promotes the awareness and motivation of those involved in 
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decision-making processes or policy determination, thus providing a platform for the shared 

ownership of results (Pluchinotta et al., 2019b, 2018, Rich et al., 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

Examples of application of NBS in nature 

 

1. Wolong lake (China) 

Located on the border with Inner Mongolia, Wolong Lake plays an essential 

ecological role by curbing the advance of the Mongolian deserts. The lake is home 

to rich biodiversity and has long been used as a stopover for tens of thousands of 

birds in the migration corridor between East Asia and Australia. However, due to 

water levels rising more than 1.5 meters, the wetlands have been greatly degraded. 

In two years, all natural habitats were lost, and migratory birds virtually 

disappeared from the area. 

A restoration program for the ecosystems of this wetland area was launched in 

2014 with support from AFD. The objective was to promote the development of 

rich biodiversity while encouraging ecotourism in order to provide the local 

residents with new sources of income. Several actions were carried out by four 
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ŎƻƴǎƻǊǘƛǳƳǎ ƻŦ CǊŜƴŎƘ ŀƴŘ /ƘƛƴŜǎŜ ŎƻƳǇŀƴƛŜǎ ŀƛƳŜŘ ŀǘ ǊŜǎǘƻǊƛƴƎ ǘƘŜ ƭŀƪŜΩǎ 

hydrological, ecological and biological functions. A 7.8 km-long dike equipped with 

watergates was built to enable the differentiated management of water resources 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƭŀƪŜΩǎ ŘƛŦŦŜǊŜƴǘ ǳǎŜǎΦ  

Technical assistance was provided for the close management of water levels and 

the monitoring of migratory bird populations. Thirty-six small bird islands were 

created. In order to encourage green tourism and raise awareness about the 

environment, walking trails, two observation towers and an ecomuseum were 

created. 
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2. Beaver Dam Analog (Montana & California) 

A Beaver Dam Analog (BDA) is a man-made structure designed to mimic the form and 

function of a natural beaver dam. BDAs can also be used to increase the probability of 

successful beaver translocation by creating immediate deep water habitat that reduces the 

risk of predation.  In general, the design and installation of BDA complexes is a simple, cost-

effective, non-intrusive approach to stream restoration that can influence a suite of 

hydraulic, geomorphic and hydrologic processes in order to achieve a range of common 

restoration goals. 
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3. Stone Dam in Paros (Greece) 

The Municipality of Paros, in collaboration with WWF Greece, INSETE, MedINA, and Paros 

Festival, in June 2022, addressed the issue of water scarcity faced by many small, arid 

Greek islands by implementing multiple small-scale dams along the Kavouropotamos 

stream. 

Small dams are a traditional water management practice that captures small amounts of 

water over time, serving multiple functions for the environment and people:  

ω .ȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎƭƻǇŜ ƻŦ ǘƘŜ ǎǘǊŜŀƳ ōŜŘΣ ǎƳŀƭƭ ŀƳƻǳƴǘǎ ƻŦ ǿŀǘŜǊ ŀǊŜ ŎƻƭƭŜŎǘŜŘ ŦƻǊ 

irrigation purposes.  

ω .ȅ ǎƭƻǿƛƴƎ Řƻǿƴ ǘƘŜ Ŧƭƻǿ ƻŦ ǿŀǘŜǊ ŀƴŘ ǊŜǘŀƛƴƛƴƎ ǇŀǊǘ ƻŦ ƛǘΣ ƎǊŜŀǘŜǊ ƛƴŦƛƭǘǊŀǘƛƻƴ ƛƴǘƻ ǘƘŜ 

soil is achieved, enriching the groundwater. 

ω 5ǳǊƛƴƎ ƛƴǘŜƴǎŜ ǊŀƛƴŦŀƭƭ ǇŜǊƛƻŘǎΣ ǘƘŜȅ ǊŜǘŀƛƴ ǎƛƎƴƛŦƛŎŀƴǘ ŀƳƻǳƴǘǎ ƻŦ ǿŀǘŜǊ ŀƴŘ ǎŜŘƛƳŜƴǘǎΣ 

thus reducing the risk of flooding in settlements usually located in coastal areas and river 

deltas. 

ω ¢ƘŜȅ ǎŜǊǾŜ ŀǎ ōƛƻŘƛǾŜǊǎƛǘȅ ƘƻǘǎǇƻǘǎΥ ǘƘŜ ǎƘŀƭƭƻǿ ǿŀǘŜǊ ǊŜǎŜǊǾƻƛǊǎ ŎǊŜŀǘŜŘ ŀŎǘ ŀǎ ǎƳŀƭƭ 

oases for arid island ecosystems, especially during dry periods. 
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4. Addressing Riverine Flooding With NBS in the Thessaly Region (Greece) 

The region of Thessaly in Greece is extremely vulnerable to floods, which frequently result 

in several casualties and significant economic losses. Moreover, the frequency and severity 

of flood events has increased in the past years due to climate change, economic 

ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ŎƘŀƴƎŜǎΦ ¢ƘŜ ƭŀǘŜǎǘ ƳŀƧƻǊ ŦƭƻƻŘ ŜǾŜƴǘ όƪƴƻǿƴ ŀǎ ǘƘŜ άLŀƴƻǎ 

aŜŘƛŎŀƴŜέΣ ƛƴ {ŜǇǘŜƳōŜǊ нлнлύΣ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŘƛǎǊǳǇǘƛǾŜ ŜǾŜƴǘǎ ŜǾŜǊ ǘƻ 

have hit the region. 

In 2022, WWF Greece initiated a research project aimed at reducing the risk of floods in 

the Pinios River area and evaluating the feasibility of Nature-Based Solutions (NBS). The 

proposed measures, however, not only aim to limit floods but also offer additional benefits 

to the local community, such as providing rich forests with various wildlife species like birds 

and butterflies in close proximity to urban areas. These areas will serve as recreational 

spaces with hiking and running trails, increased water availability, and an upgrade of the 

hydrological landscape, benefiting both urban and industrial areas. 

To conduct this study, the Pinios Basin was divided into eleven sub-basins, as shown on the 

map below. Often, the rivers Lethaios and Agiamoniotis are considered as a system whose 

overflow can affect the Trikala area. However, in this particular study, the Agiamoniotis is 

treated as an individual system, while the Lethaios is grouped with the drainage basin of 

Neochoriti, despite the fact that the latter originates further east. Special attention was 

also given to Lake Plastira, which, although not located in the Pinios Basin, all of its water 

flows towards Thessaly, thus requiring significant attention to its capacity restoration. 

Proposed NbS Interventions in selected seven sub-basins (out of 11) of the Pineios river 

basin included river restoration, floodplain restoration & management, wetland 

restoration & management, creation of basins, ponds and lakes, and restoration of natural 

infiltration through small-scale water retention measures, as well as actions for improving 

the natural condition of rivers, such as removal of dams and longitudinal barriers. Lake 

Plastira, although not in Pineios river basin, has been included in the proposed areas, all its 

water is being transferred to the Thessaly plain for irrigation and water supply. Proposed 

NbS interventions are expected to deliver the following benefits: flood risk reduction, 

aquifer recharge, surface water availability, biodiversity enhancement and provision of 

recreational opportunities (e.g. hiking trails along the river, birdwatching). NbS benefits 
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and their magnitude will depend on the scale, unique design and composition of each 

specific intervention (e.g. shape, type of vegetation, soil and anorganic materials such as 

rocks and gravel, specific location within the river basin). A retention capacity of 17 million 

m3 of volume would need to be created to effectively mitigate a flood event with a return 

period of 50 years for Ano Pineios sub-basin. 
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Case Study of NBS in Northern Euboea 

 

Northern Evia in its current state is in a quite burdened position after a major fire, which 

burned most of the area, followed by several floods. These data create an even greater 

need for the use of nature-based solutions in order for the region to be able to return to its 

natural state along with its ecological cycle. Restoring the affected areas of Northern Evia 

requires the use of a combination of nature-based solutions to protect points of interest and 

future disasters. The selection of appropriate solutions must be carried out with great care 

so that human intervention in the environment is minimal and restoration over time 

becomes autonomous from the natural environment. The parameters to be examined for 

the selection of solutions include the restoration of burnt areas where feasible and the 

creation of an anti-flooding system by establishing floodplains. 

 

 

 

 

 



~ 27 ~ 

 

Geomorphological Analysis 

In order to conduct any hydrological study in a specific area, it is necessary to map the 

geomorphology of the study area and record its characteristics. The study area selected in 

the region of Northern Euboea is Artemisio. Artemisio is part of the Hydrological District 

(HD) of Eastern Mainland Greece (HD 07) and in itself constitutes a small sub-basin of the 

Evia Drainage Basin (EDB). 

Using GIS (Geographical Information Systems) software, the geomorphological analysis of 

Artemisio is carried out by inputting geographic coordinates provided by the website of the 

Ministry of Environment and Energy (YPEKA) and land use data from Copernicus EU (Corine 

Land Cover). Additionally, the HEC-GeoHMS software was used, which is an additional 

toolbox of ArcGIS with the Spatial Analyst extension for developing a series of hydrological 

input data that can later be used by HEC-HMS. Essentially, HEC-GeoHMS converts drainage 

paths and watershed boundaries into a series of hydrological data representing the 

hydrological network of the study area. Finally, the HEC-HMS software was used to apply 

hydrological methods aiming to simulate the rainfall runoff model. Specifically, the 

processes of creating the drainage basin and the hydrographic network within it were 

facilitated using ArcMap 10.3 and HEC-GeoHMS, as well as the calculation of hydrological 

and geomorphological parameters of the drainage basin. 

 

Hydrological Analysis 

The input data used was the DEM file with a resolution of 25x25 m, from the European 

Copernicus EU program, with the WGS 84 reference system. The DEM was limited to the 

boundaries of the area of the Municipality of Istiaia-Aidipsos in Northern Evia, and the 

position of Artemision was defined as the outlet. Below is a brief description of the process 

followed to delineate the watershed of the study area, namely Artemision, using the 

ArcMap 10.3 program. 

Initially, the Fill Sinks command was used to correct all the imperfections of the DEM file, 

which hinder the flow of pixels, in order to ensure the accuracy of the drainage basin and 

the hydrological network, and the latter to have continuity in the model and, by extension, 

in the calculations. Then, the Flow Direction command creates a new raster file, with each 
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cell having a unique number according to the direction a drop follows when it is within it. 

For each cell, there are eight different possible flow directions connected to its neighboring 

cells, and the direction of the drop from the cell with the highest elevation to the one with 

the lowest is determined based on their elevations. 
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The Flow Accumulation creates the path of the hydrographic network, with a new raster 

where the cell values define the cells that flow into a specific cell. The Stream Definition 

sets a threshold of cells in the flow accumulation, above which all cells with values greater 

than the threshold constitute parts of the hydrographic network, while smaller values 

indicate that these cells belong to the terrestrial flow. The threshold value affects the 

hydrographic network, as the smaller it is, the denser the network and the drainage times 

are reduced. Conversely, large threshold values create a smaller hydrographic network, 

while the drainage times increase. The land cover for the study area was based on the 

Corine Land Cover 2018 of the European Copernicus program, in a raster format with a 

resolution of 100 x 100 m. Corine divides land cover into 44 classes. 
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The hydrological model simulation and flood routing were performed using the HEC-HMS 

program, employing the SCS Unit Hydrograph and SNYDER method for a 30-minute rainfall 

event. The SCS method involves selecting a storm and calculating direct runoff. The CN 

(Curved Number) is obtained from SCS analytical tables for AMC II (Antecedent soil Moisture 

Condition) and land use. Additionally, the network runoff was computed using Isochronous 

Curves. The study utilized CN = 77. The characteristics of the study area's drainage basin are 

detailed in Table 5. Below is Table 6, displaying the Unit Hydrograph of the network 

according to SNYDER and SCS, as well as the Isochronous Curve. 

 

 

To assess the design rainfall, the three-parameter storm curve of the Milies station was 

used, described by the following equation. 
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hŦ ǘƘŜ ŦƛǾŜ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ǘƘŜ ŀōƻǾŜ ŜȄǇǊŜǎǎƛƻƴ ό˂ϥΣ ˕ϥΣ ˁΣ ʹΣ ʻύΣ ǘƘŜ ŦƛǊǎǘ ǘǿƻ ƘŀǾŜ ōŜŜƴ 

estimated "locally," based on the maximum rainfall intensity sample of the same station, 

while the remaining parameters have been estimated based on samples from multiple 

stations. A study was chosen to be conducted for rainfall durations d = 6h and d = 9h with 

return periods T = 25 y, T = 50 y, and T = 100 y, using data from the Hydrographic Station 

Milies, where hyetographs were calculated for 6h rainfall events for return periods T = 25 y, 

T = 50 y, and T = 100 y, and for 9h rainfall events for return periods T = 25 y, T = 50 y, and T = 

100 y using the Alternative Block Hyetograph method, with third quartile rains.  

 

Senario 1st: d = 6h, T = 25y: 

 

 

Senario 2nd: d = 6h, T = 50y: 

 

d 6

˂ 352.8

ˁ 0.097

˕ 0.651

ʹ 0.622

ʻ 0.124

ʆ 25

i [mm/hr] 22.32

H event [mm] 133.92

Milies

d 6

˂ 352.8

ˁ 0.097

˕ 0.651

ʹ 0.622

ʻ 0.124

ʆ 50

i [mm/hr] 25.28

H event [mm] 151.71

Milies
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Senario 3rd: d = 6h, T = 100y: 

 

 

 

Senario 4th: d = 9h, T = 25y: 

 

 

 

 

 

 

 

d 6

˂ 352.8

ˁ 0.097

˕ 0.651

ʹ 0.622

ʻ 0.124

ʆ 100

i [mm/hr] 28.46

H event [mm] 170.73

Milies

d 9

˂ 352.8

ˁ 0.097

˕ 0.651

ʹ 0.622

ʻ 0.124

ʆ 25

i [mm/hr] 17.42

H event [mm] 156.76

ɾƛƭƛŜǎ
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Senario 5th: d = 9h, T = 50y: 

 

 

 

Senario 6th: d = 9h, T = 100y: 

 

 

Case Study 

The previous section analyzed the geomorphology of the study area and calculated its 

hydrological elements. Additionally, design provisions were estimated for selecting nature-

based solutions to be implemented in the area. Based on the available data, the optimal 

solution for the area's recovery after the fires that have occurred is the creation of artificial 

lakes with the simultaneous establishment of buffer zones. These buffer zones will consist of 

d 9

˂ 352.8

ˁ 0.097

˕ 0.651

ʹ 0.622

ʻ 0.124

ʆ 50

i [mm/hr] 19.73

H event [mm] 177.58

ɾƛƭƛŜǎ

d 9

˂ 352.8

ˁ 0.097

˕ 0.651

ʹ 0.622

ʻ 0.124

ʆ 100

i [mm/hr] 22.21

H event [mm] 199.85

ɾƛƭƛŜǎ
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riparian forest areas, which will enhance soil stability and protect it from erosion, thereby 

preventing the reduction of the lakes' perimeter and the entry of sediments that could 

affect their water storage capacity. Another positive aspect of this solution is the creation of 

new habitats for both aquatic and terrestrial species in the area, whose numbers have 

significantly decreased after the fires and floods, with some already forced to relocate to 

ensure their survival. 

Locating the suitable position for placing flood lakes is a complex process as many factors 

need to be taken into account in the design model for a detailed selection. To carry out this 

process, the exclusion factors of the positions where the lakes cannot be placed need to be 

enumerated, in order to end up with a map of compatible positions. For each exclusion 

zone, the distance is identified within which, based on the legal framework, it is prohibited 

to emplace a lake, and each exclusion zone is graded with the number 0, expressing its 

complete unsuitability. Values of integer numbers between 2 and 10 are given for distances 

beyond the boundary of the respective exclusion zone. It should be noted that Euclidean 

Distance is used in GIS. It is obvious that as this number increases, the suitability of the area 

also increases. Therefore, the mathematical relationship for site selection, using exclusion 

zones, will be (Gemitzi et al., 2006):     

3)Б Â                                                                                                                                                       [1] 

Where SI is the overall fitness index (with 0 ÒSIÒ10), bi is the fitness index value for each 

constraint criterion (with 0 ÒbiÒ10 and bi Z), and K is the number of constraint criteria.  

The Analytical Hierarchy Process (AHP), developed by Saaty (Saaty, 1977), is used to 

calculate the weights of the evaluation criteria set n. Each criterion is compared in terms of 

its importance relative to each of the other criteria. The comparison between two criteria is 

made by assigning integer values ranging from 1 to 9 or their inverses, and the scale 

determines the relative importance of a criterion compared to another criterion, as shown in 

Table 7. Although even integers can be used within the range, it is common to use odd numbers to ensure 

a logical distinction between the criteria (Wind and Saaty, 1980). 
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Scale Numerical 

Rating 

Reciprocal 

Extremely 

Preferred 

9 0,111 

Very strong 

Preferred 

7 0,143 

Strongly Pre-

ferred 

5 0,200 

Moderately 

Preferred 

3 0,333 

Equally Pre-

ferred 

1 1,000 

 

Once the above values are given for each criterion xi in relation to each other and a 

comparison matrix is created, it is necessary to normalize this comparison matrix in order to 

give relative weights to each criterion. Normalization is done by dividing each value by the 

total value of the corresponding column in which the value is located. The value of the 

weights wi is approximately achieved by calculating the mathematical average of all the 

relevant weights of each criterion. Obviously, the sum of the resulting weights will always be 

equal to 1. The values that result have direct physical significance in the AHP method, as 

they determine the participation or the weight of this criterion in relation to the overall 

result of the goal that has been set. 

The next step is to check for any inconsistencies in the data. The Consistency Index (CI) is 

ōŀǎŜŘ ƻƴ ǘƘŜ ƳŀȄƛƳǳƳ ŜƛƎŜƴǾŀƭǳŜ ˂ƳŀȄΣ ǿƘƛŎƘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ Ŧƻƭƭƻǿǎ ό{ŀŀǘȅΣ мфттύΥ 

‗ В ὥ                                                                                                                              [2]                 

  The CI index is calculated accordingly by the following equation (Saaty, 2005): 

#)                                                                                                                                              [3] 

             In order to verify the correctness of the Consistency Index (CI), Saaty proposes the 

Consistency Rate (CR), which is determined by dividing the CI by the Random Index (RI). The 

methodology will be considered consistent if CR is less than 10%. The value of RI is constant 

and is based on the number of evaluated criteria.  
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The purpose of the above methodology developed is the production of thematic maps. Each 

individual thematic map corresponds to the application of a criterion for siting, and 

ultimately the suitability index for siting, taking into account both the restrictive criteria 

arising from exclusion zones and the evaluation criteria is calculated as described in the 

following equation (Gemitzi et al., 2006): 

3)В ύὼ Б ὦ                                                                                                                          [4] 

To define these zones, the Euclidean Distance or 2-norm distance, as it is otherwise called, 

was used, which for points with coordinates xi, yi is calculated as follows: 

ÄØȟÙ ᴁØ Ùᴁ В ȿὼ ώȿ                                                                                                    [5] 

         

ʰκʰ 
Criterion Isolation Zone 

1 5ƛǎǘŀƴŎŜ ǘƻ ǎǘǊŜŀƳǎ όɼмύ - 

2 Slope (K2) >=25% 

3 Elevation (K3) >=350m 

4 Distance to urban areas (K4) <=1000m 

5 Distance to road network (K5) <=100m 

6 Proximity to burned areas (K6)   

7 LULC (K7)   

                                                               

 

LULC (K7) SCALE 
 

 

Agricultural land 9  

Olive groves 1  

Forest 3  

Vegetation 7  

Woodland-Scrub 9  

 

Apart from the exclusion zones using Euclidean Distance, distances greater than the 

corresponding exclusion zone were calculated for the areas of interest within the boundaries 

of the Artemisio Land Planning (ALP). From this analysis, a thematic map of Euclidean 

Distances, grouped into classes, was created for each of the 7 cases. These 7 resulting 
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thematic maps then underwent a reclassification of their class boundaries using integer 

numbers from 0 to 10, using the "Reclassify" tool. The value 0 indicates complete prohibition 

of spatial allocation, while 10 indicates the complete suitability of an area for spatial 

allocation. 

The 7 criteria are divided into 2 groups, and the criteria within the same group are 

considered equally important. Group 1 consists of criteria that are not only equally 

important but also considered the most significant. This is followed by Group 2, which 

consists of criteria of lesser importance than those in Group 1. Table 7 presents the Saaty's 

relative importance scale, and we will assess the criteria for siting based on this scale. 

Specifically, the criteria in Group 1 are rated as 3 (moderately preferred) compared to the 

criteria in Group 2. Conversely, the criteria in Group 2 are rated as 1/3 compared to those in 

Group 1. In summary, for every two consecutive groups, we move up one category on 

Saaty's relative importance scale. 

 

N/A ɼм ɼн ɼо ɼп ɼр ɼс ɼт 

K1 1.000 1.000 1.000 3.000 3.000 1.000 3.000 

K2 1.000 1.000 1.000 3.000 3.000 1.000 3.000 

K3 1.000 1.000 1.000 3.000 3.000 1.000 3.000 

K4 0.333 0.333 0.333 1.000 1.000 1.000 0.333 

K5 0.333 0.333 0.333 1.000 1.000 1.000 0.333 

K6 1.000 1.000 1.000 3.000 3.000 1.000 3.000 

K7 0.333 0.333 0.333 1.000 1.000 1.000 0.333 

SUM 5.000 5.000 5.000 15.000 15.000 7.000 13.000 

 

In Table 10, the sum of each column has been calculated. The next step is to normalize the 

table by dividing the elements of each column by the corresponding sum, resulting in a new 

table (Table 12) where each element a'ij (i: row number and j: column number) is calculated 

as follows: 

ὥᴂ                                                                                                                                                 [6] 

Where aij are the elements of Table 12.  

The weight wi of each criterion is the average of the values in the corresponding row, that is: 
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ύ
В

                                                                                                                                            [7]                                               

²ƘŜǊŜ ƴҐ т ŀǊŜ ǘƘŜ ƳǳƭǘƛǇƭŜ ŎǊƛǘŜǊƛŀ ŀƴŘ ƛ ώмΣнΣΧтϐΦ 

It is noted that the sum of the weights should equal 1. By applying the above operations in 

an Excel spreadsheet, the weights shown in the table below are calculated. 

 

Code Criterion Weight (w) 

ɼм Distance to streams  0.196 

ɼн Slope 0.196 

ɼо Elevation 0.196 

ɼп Distance to urban areas 0.072 

ɼр Distance to road network 0.072 

ɼс Proximity to burned areas 0.196 

ɼт LULC 0.072 

 

 

N/A ɼм ɼн ɼо ɼп ɼр ɼс ɼт Weight Weight % 

K1 0.200 0.200 0.200 0.200 0.200 0.143 0.231 0.196 19.6 

K2 0.200 0.200 0.200 0.200 0.200 0.143 0.231 0.196 19.6 

K3 0.200 0.200 0.200 0.200 0.200 0.143 0.231 0.196 19.6 

K4 0.067 0.067 0.067 0.067 0.067 0.143 0.026 0.072 7.2 

K5 0.067 0.067 0.067 0.067 0.067 0.143 0.026 0.072 7.2 

K6 0.200 0.200 0.200 0.200 0.200 0.143 0.231 0.196 19.6 

K7 0.067 0.067 0.067 0.067 0.067 0.143 0.026 0.072 7.2 

SUM   1.000 100.000 

 

Next, a new table (Table 13) is created with elements bij, the calculation of which is done 

according to the equation: 

ὦ ὥ ύ                                                                                                                                            [8] 

The column W.S.V. (Weighted Sum Value) is calculated as the sum of the individual elements 

of each row. The W.S.V. column is the 8th column of the new table, and the weights are 

placed in the 9th column. In the 10th column, which we call Ratio, calculations are 

performed as follows: 
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2ÁÔÉÏȟÉ
ȢȢȢȟ

                                                                                                                                      [9] 

ƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ƻŦ ǘƘŜ wŀǘƛƻ ǾŀƭǳŜǎ ƛǎ Ŝǉǳŀƭ ǘƻ ˂ƳŀȄҐ тΦрммΦ !ǇǇƭȅƛƴƎ ǘƘŜ Ŝǉǳŀǘƛƻƴ ŦƻǊ ǘƘŜ 

/L ƛƴŘŜȄ ŦƻǊ ˂ƳŀȄҐтΦрмм ŀƴŘ ƴҐтΣ ǘƘŜ /L ƛƴŘŜȄ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ /LҐ лΦлурΦ CƛƴŀƭƭȅΣ ǘƘŜ /w ƛƴŘŜȄ 

is calculated as CI/RI = 0.058 or 2.1% <10% with RI= 1.48, therefore the methodology applied 

meets the continuity criteria. 

 

 

Weight 0.196 0.196 0.196 0.072 0.072 0.196 0.072 

Criterion ɼм ɼн ɼо ɼп ɼр ɼс ɼт 

K1 0.196 0.196 0.196 0.215 0.215 0.196 0.215 

K2 0.196 0.196 0.196 0.215 0.215 0.196 0.215 

K3 0.196 0.196 0.196 0.215 0.215 0.196 0.215 

K4 0.065 0.065 0.065 0.072 0.072 0.196 0.024 

K5 0.065 0.065 0.065 0.072 0.072 0.196 0.024 

K6 0.196 0.196 0.196 0.215 0.215 0.196 0.215 

K7 0.065 0.065 0.065 0.072 0.072 0.196 0.024 

 

Criterion W.S.V. Weight Ratio m˂ax 

K1 1.430 0.196 7.288 
7.511 

K2 1.430 0.196 7.288 

K3 1.430 0.196 7.288 CI 

K4 0.560 0.072 7.808 
0.085 

K5 0.560 0.072 7.808 

K6 1.430 0.196 7.288 CR 

K7 0.560 0.072 7.808 0.058 

 

The application of criteria and their weights using the Analytical Hierarchy Process (AHP) 

resulted in the GIS map of permissible intervention locations for nature-based solutions in 

the watershed of Artemisio. 
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As expected, the areas with the highest suitability for creating nature-based solutions are 

located on the wetlands of the study area. Based on map 5, the creation of two flood lakes 

and their forest regulatory zones is selected along the main wetland of the Artemisio basin 

with a depth of d = 4 m each, as shown in the map below. 
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The Volume of the Lake 1 is V = 5.05 hm3 and the Volume of the Lake 2 is V = 3.23 hm3 and 

both of them have depth d = 4m. The hydrological analysis of the drainage basin of the 

study area was re-evaluated using the volume data of the two lakes. The runoff of the 

network was calculated along with the retention of the water volume by the lakes in the 

Artemisiou area, for rainfall events of d = 6h for return periods T = 25 y, T = 50 y, and T = 100 

y, as well as for a rainfall event of d = 9h for return periods T = 25 y, T = 50 y, and T = 100 y. 

Below are the results of the analysis. 
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Application of System Dynamics in Artemisio 

The model was created using Vensim software to develop Causal Loop diagrams, which are 

very useful for understanding and communicating their structures. These diagrams are 

named as such because each link has a causal interpretation. An arrow going from A to B 

indicates that A causes B. Creating causal loop diagrams is very useful even when a 

simulation model is not being created. Additionally, it allows for easy and imaginative 

determination of input conditions for simulation, also supporting real-time visualization of 

results and the changes caused by variations in the state of input variables. Secondly, it 

supports comparative scenario analysis and includes several tools for model analysis (e.g. 

sensitivity analysis). Therefore, the Casual Loop diagram was created to make the 

intervention with nature-based solutions in the existing state of the study area evident, as 

well as their impacts. 
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The Causal Loop diagram is the result of the combination of the existing situation and the 

application of NBS in the study area. Specifically, by depicting the geomorphology of 

Artemisio, the historical floods, and the recorded disasters they have brought to the area, 

both in material goods and human lives, we introduce into this system the proposed 

application of NBS, namely the two flood lakes and their regulatory zones. With the two 

solutions that have preceded in the hydrographic network, a significant reduction in the 

outflows of the catchment area towards Artemisio is observed. This water is retained by the 

flood lakes and their forest regulatory zones, which reduce the speed of the water and 

prevent flood phenomena. Therefore, the NBS selected, based on the successfully 

conducted study, prevent flooding after a fire and create two natural water storage 

reservoirs, which can be used by the surrounding settlements for water supply and irrigation 

during dry periods, as well as maintain the fauna of the area. 

These actions have a significant impact on the economy and the quality of life of the 

residents of Northern Euboea. By upgrading the environment from a burnt and barren 

forest to a rich habitat, the depleted soil is renewed and enriched naturally with carbon 

quantities. There is also a major impact on the residents' quality of life as the lakes, with 

their regulatory zones, will provide an additional recreational space and attraction for the 

tourists of the area. An important factor is also the economic aspect of this project. In 

contrast to an infrastructure project creating a dam, the creation of floodplain lakes is much 

more economical in both their creation and maintenance, as well as much more 

environmentally friendly, as the latter is recreated with the existing elements, resulting in a 

fully natural habitat assimilated into the natural characteristics of the forest area after a few 

years. 

 

Conclusions 

Two rainfall runoff models were developed and applied as part of the postgraduate thesis, 

one using rainfall data for the existing condition of the study area, and one incorporating 

nature-based solutions for return periods of 25, 50, and 100 years, and for rainfall event 

durations of 6 and 9 hours. The conclusions drawn from observing the research results are 

summarized below: 
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ü The application of NBS in the study area results in a significant reduction in the 

runoff volume to the Artemisio area, up to 64.7 m3, compared to the existing 

situation at the same time. This result is expected as a large volume of water is 

stored in the lakes before they overflow. The impacts of this intervention are 

significant not only in the study area but also in the surrounding areas, as post-fire 

flood events can be significantly reduced and the transportation of sediments, 

resulting in changes to the area's geomorphology, can be prevented. Forest 

regulatory zones play a significant role in this, as they will retain both sediments and 

transform the soil into a more solid substrate for surface layers, where water will be 

retained and serve as the basis for the regeneration of burnt forest areas. 

ü Creating a floodplain lake is an energy-intensive endeavor, along with establishing 

forest regulatory zones, but it is not more costly than building a large concrete dam. 

Additionally, their maintenance costs are lower. 

ü Creating a natural environment that helps in both the regeneration of flora and the 

protection of fauna, as well as in the enhancement of the area, providing 

recreational areas for the residents of Northern Evia. This action also contributes to 

the recovery of tourism by offering attractions for tourists. 

ü In the study, with a return period of T = 50 years and a rainfall duration of d = 9 

hours, a delay in the flood is observed of up to one hour, which is very important for 

the prevention of the deterioration of areas and their inhabitants. This significant 

delay can be further increased with the use of other NBS systems. 

ü In all the scenarios studied, water volume retention has been observed in the lakes. 

Specifically, along the large Misgengkia, where the two lakes are located, there is a 

gradual retention of water volume while the area is simultaneously discharged from 

one lake to the other. This significantly reduces the water flow velocities and 

prevents intense floods, which carry large volumes of sediments. 

ü When observing the results of human interventions in nature, we discern that 

concerning the geomorphology of areas and hydrological networks, humans should 

not make indiscriminate use of the natural resources provided by nature, such as 

diverting streams, converting floodplains into settlements, narrowing rivers, etc. The 
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results of these actions lead to the release of water in ways beyond its natural flow, 

which may not be immediately perceptible to people, only becoming evident in 

extreme events, requiring subsequent study. 

ü Nature-based solutions rely on the mechanisms of nature to address issues such as 

climate change, and are considered the optimal solution for both the environment 

and humans. These solutions have emerged as a result of trials and long-term 

observations of infrastructure projects. Comparing NBS to infrastructure projects is 

an element of future research, as not enough time has passed to study their 

performance and lifespan. 

 

Future Research 

Future research aiming to improve the restoration of the Northern Evia region is a 

significant topic of discussion. In Greece, a common intervention used to address floods 

involves the construction of small stone dams, up to a maximum height of 0.5 meters, which 

slow down the water flow and create small reservoirs. These reservoirs retain small volumes 

of water that are significant enough to delay a flood and its momentum. 

Another major issue in the area of Evia is the small coal reserves in the soil from the burned 

forest areas. Studies have shown that the best solution for soil recovery and therefore the 

habitat's prosperity is the conversion of forest areas into agricultural land. However, this 

solution has a major drawback in terms of coal reserves, which are reduced due to the 

burning of organic material. To improve the soil's coal content, whether organic or 

inorganic, a long period of alternating agricultural products is required to enhance the soil 

with their organic load. This obstacle has created the need for a more effective solution, the 

conversion of forest areas into agroforestry. This implementation could thrive in the study 

area as it would not only protect and restore the forest but also protect it from farmers, 

thus preventing the possibility of new fire episodes. 

 

In conclusion, as studies on nature-based solutions are still in an early phase and 

researchers mostly focus on methods of recovery at the macro level with more 
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"mechanical" methods, there is great potential in NBS science to find solutions on a "micro" 

scale. 
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1. ɳʽˋʰʴ˖ʴʺ 

 

ʅˍʹ ˋʹ˃ʶˊʽ˄ʺ ʶˉˇ˔ʺ  ˇʽ ʰ˄ʻˊ˗ˉʽ˄ʶˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ʷ˔ˇˎ˄ ˒ˍʱˋʶʽ ˋʶ ʰˊˁʶˍʱ ˉˊˇʹʴ˃ʷ˄ˇ 

ʶˉʾˉʶʵˇ ˁʰʽ ˇʽ ʶˊʶˎ˄ʹˍʷˌ ʶˊʴʱʸˇ˄ˍʰʽ ˉʱ˄˖ ˋʶ ˍˊˈˉˇˎˌ ʰ˄ʰˁˇˏ˒ʽˋʹˌ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʰˉˈ 

ˍʽˌ ˉʽʷˋʶʽˌ ˉˇˎ ʰˋˁˇˏ˄ ˇʽ ˁ˂ʽ˃ʰˍʽˁʷˌ ʰ˂˂ʰʴʷˌ (United Nations Framework Convention on 

Climate Change, 1998). ɴ˄ʰ ˋˏ˄ˇ˂ˇ ˁʰʽ˄ˇˍˈ˃˖˄ ˂ˏˋʶ˖˄ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˒ˎˋʽˁ˗˄ 

ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʶ ˍˊˈˉˇ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʽˋˇˊˊˇˉʺˋʶʽ ˍʰ ˇ˒ʷ˂ʹ ˍˈˋˇ ʴʽʰ ˍʹ ˒ˏˋʹ ˈˋˇ ˁʰʽ 

ʴʽʰ ˍʹ˄ ˁˇʽ˄˖˄ʾʰ ˇ˄ˇ˃ʱʸʶˍʰʽ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹ όbŀǘǳǊŜ-Based Solutions, NBS ~ 

UWE, Bristol, 2021). ʁ ˈˊˇˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ζˍʶ˔˄ʽˁʷˌ ˉˇˎ ʶ˃ˉ˄ʷˇ˄ˍʰʽ ʰˉˈΣ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰʽ 

ʺ ʰ˄ˍʽʴˊʱ˒ˇ˄ˍʰʽ ʰˉˈ ˍʹ ˒ˏˋʹη (World Bank Climate Change and Adaption, DC, 2008), 

ʵʹ˂ʰʵʺ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˃ʰˌ ʰˉˈ ˍʹ ˒ˏˋʹΣ ˇʽ ˁʾ˄ʵˎ˄ˇʽ ˉˇˎ 

ʶ˂˂ˇ˔ʶˏˇˎ˄ ʴʽʰ ˍʹ ˋʹ˃ʶˊʽ˄ʺ ˁˇʽ˄˖˄ʾʰΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽ ʷ˄ˍˇ˄ʶˌ ˉ˂ʹ˃˃ˏˊʶˌ ˁʰʽ ˇʽ ˅ʰ˒˄ʽˁʷˌ 

˅ʹˊʰˋʾʶˌΣ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇ˄ˍʰʽ ˃ ʁ ˉʽˇ ʲʽ˗ˋʽ˃ˇ ˍˊˈˉˇΣ ˇ ˇˉˇʾˇˌ ˉˊˇˋʰˊ˃ˈʸʶˍʰʽ ˋˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ʶ˄ˍʱˋˋʶˍʰʽ ˋʶ ʰˎˍˈΣ ˔˖ˊʾˌ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˃ʶʴʱ˂˖˄ ʷˊʴ˖˄ ˎˉˇʵˇ˃ʺˌ. 

ʁʽ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹ ʶʾ˄ʰʽ ˃ʽʰ ˍʶ˔˄ʽˁʺ ʹ ˇˉˇʾʰ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ 

ˉ˂ʰ˄ʺˍʹ ˁʰʻ˗ˌ ˇʽ ˁ˂ʽ˃ʰˍʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ˉ˂ʷˇ˄ ʰʽˋʻʹˍʷˌ ˈ˔ʽ ˃ˈ˄ˇ ʰˉˈ 

ʶˉʽˋˍʺ˃ˇ˄ʶˌ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˍʹ˄ ˎˉˈ˂ˇʽˉʹ ˁˇʽ˄˖˄ʾʰ ˋˍʹ˄ ˁʰʻʹ˃ʶˊʽ˄ˈˍʹˍʱ ˍʹˌ ˋʶ ˈ˂ʰ ˍʰ 

ʴʶ˖ʴˊʰ˒ʽˁʱ ˃ʺˁʹ ˁʰʽ ˉ˂ʱˍʹ. ɾʶʴʱ˂ʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˍ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ʰ˂˂ʰʴ˗˄ ʰˎˍ˗˄ ʶʾ˄ʰʽ 

ˇʽ ˅ʰ˒˄ʽˁˇʾ ˔ʽˇ˄ʽʱʵʶˌ ˉˇˎ ˅ʷˋˉʰˋʰ˄ ˋˍʹ˄ ɳˎˊ˗ˉʹ ˍˇ нлноΣ ˇʽ ˋʶʽˋ˃ˇʾ ˋʶ ˃ʹ ˋʶʽˋ˃ˇʴʶ˄ʺˌ 

ˉʶˊʽˇ˔ʷˌΣ   ˇʽ ˃ʶʴʱ˂ʶˌ ˉˎˊˁʰʴʽʷˌΣ ˍʽˌ ˇˉˇʾʶˌ ʰˁˇ˂ˇˎʻˇˏ˄ ˃ʶʴʱ˂ʶˌ ˅ʹˊʰˋʾʶˌ ˁʰʽ ˃ʶˍʷˉʶʽˍʰ 

ˉ˂ʹ˃˃ˏˊʶˌΦ ʆʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ˋˍˇ˄ ɳ˂˂ʰʵʽˁˈ ˔˗ˊˇ ʶʾ˄ʰʽ ʹ ˉ˂ʹ˃˃ˏˊʰ ˉˇˎ ʷʴʽ˄ʶ 

ˋˍʹ ɾʱ˄ʵˊʰ ɮˍˍʽˁʺˌ  ˍˇ ɿˇʷ˃ʲˊʽˇ ˍˇˎ нлмтΣ ˈˉˇˎ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˊʰ˄ˍʱˊ ˍˇˎ ɳʻ˄ʽˁˇˏ 

ɮˋˍʶˊˇˋˁˇˉʶʾˇˎ ˍˇ ˏ˕ˇˌ ʲˊˇ˔ʺˌ ˅ʶˉʷˊʰˋʶ ˍʰ нлл ˃˃ ˋʶ ˃ˈ˂ʽˌ с ˗ˊʶˌΦ ɲʶˏˍʶˊʹ 

˔ˊˇ˄ˇ˂ˇʴʽˁʱ ʷˊ˔ʶˍʰʽ ʹ ˉ˂ʹ˃˃ˏˊʰ ˁʰʽ ˇʽ ʵˎ˄ʰˍˇʾ ʱ˄ʶ˃ˇʽ ˋˍʹ˄ ʋʰ˂ˁʽʵʽˁʺ ˍˇ˄ ɹˇˏ˂ʽˇ ˍˇˎ 

нлмфΣ ˈˉˇˎ ʹ ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎ ʷ˒ˍʰˋʶ ˍʰ мон ˔˂˃κ˗ˊʰΦ ɳˉˈ˃ʶ˄ʹ ʷˊ˔ʶˍʰʽ ʹ ɸʶˋˋʰ˂ʾʰ ˁʰʽ ʹ 

ɾʰʴ˄ʹˋʾʰ ˃ʶ ˍʽˌ ˉ˂ʹ˃˃ˏˊʶˌ ˉˇˎ ʶʾ˔ʰ ˄˂ˈʴ˖ ˍʹ ˁʰˁˇˁʰʽˊʾʰˌ ˉˇˎ ˇ˄ˇ˃ʱˋˍʹˁʶ ζɹʰ˄ˈˌη ˍˇ 

ʅʶˉˍʷ˃ʲˊʹ ˍˇˎ нлнл.  ɶ ˃ʶʴʱ˂ʹ ˉˎˊˁʰʴʽʱ ˉˇˎ ʷˁʰ˕ʶ ˋ˔ʶʵˈ˄ ˇ˂ˈˁ˂ʹˊʹ ˍʹ ɰˈˊʶʽʰ ɳˏʲˇʽʰ  

ˍˇ˄ ɮˏʴˇˎˋˍˇ ˍˇˎ нлнмΣ ˍʹ˄ ˇˉˇʾʰ ʰˁˇ˂ˇˏʻʹˋʶ ˃ʽʰ ˃ʶʴʱ˂ʹ ˉ˂ʹ˃˃ˏˊʰ ˍˇ˄ ʅʶˉˍʷ˃ʲˊʹ ˍˇˎ 

2023. ʆʶ˂ʶˎˍʰʾʰ ˋˍʹ ˋʶʽˊʱ ʷˊ˔ʶˍʰʽ ʹ ˁʰˁˇˁʰʽˊʾʰ ɿˍʱ˄ʽʶ˂Σ ˈˉˇˎ ˉ˂ʹ˃˃ˏˊʽˋʶ ˅ʰ˄ʱ ʹ ˉʶˊʽˇ˔ʺ 

ˍʹˌ ɸʶˋˋʰ˂ʾʰˌ ˁʰʽ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˄ˇ˃ˇˏ ɾʰʴ˄ʹˋʾʰˌΣ ˈˉˇˎ ʹ ˉʶˊʽˇ˔ʺ ˍˇˎ ɰˈ˂ˇˎ 
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ʵʷ˔ʻʹˁʶ мрл ʶˁʰˍˇ˃˃ˏˊʽʰ ˍˈ˄ˇˎˌ ˄ʶˊˇˏ ˁʰʽ ˂ʱˋˉʹˌ ˋʶ нп ˗ˊʶˌ ˁʰʽ ˃ʶˍˊʺˋʶʽˌ ʰˉˈ ˍˇ 

ˋˍʰʻ˃ˈ ˍˇˎ ʃʹ˂ʾˇˎ ˃ʷˍˊʹˋʰ˄ ʲˊˇ˔ʺ ˏ˕ˇˎˌ трл˃˃Σ ʴʽʰ ʵʽʱˊˁʶʽʰ мр ˖ˊ˗˄Φ  

 

ɾʶʴʱ˂ˇ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˒ʷˊʶʽ ʹ ˎˉʱˊ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍʹˌ 

ɰˈˊʶʽʰˌ ɳˏʲˇʽʰˌ ˁʰʻ˗ˌ ˈ˂ʹ ˋ˔ʶʵˈ˄ ʹ ˇˊʶʽ˄ʺ ʵʰˋʽˁʺ ˍʹˌ ʷˁˍʰˋʹ ʲˊʾˋˁʶˍʰʽ ˁʰ˃ʷ˄ʹ ˁʰʽ ʰˉˈ 

ʴˈ˄ʽ˃ˇ ʷʵʰ˒ˇˌ ˃ʶ ˉ˂ˇˏˋʽʰ ˔˂˖ˊʾʵʰ ˁʰʽ ˉʰ˄ʾʵʰ ˉ˂ʷˇ˄ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʰˊˁʶˍʱ ˒ʽ˂ˈ˅ʶ˄ˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ʴʽʰ ˉ˂ʹ˃˃ˏˊʶˌΣ ˉ˂ˇˏˋʽˇ ˋʶ ˒ʶˊˍʱ ˎ˂ʽˁʱΦ  ɶ ɳˏʲˇʽʰ ʶʾ˄ʰʽ ˍˇ ʵʶˏˍʶˊˇ 

˃ʶʴʰ˂ˏˍʶˊˇ ˄ʹˋʾ ˍʹˌ ɳ˂˂ʱʵʰˌΣ ʹ ʷˁˍʰˋʹ ˍʹˌ ˇˉˇʾʰˌ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ оΦсрп  ˍΦ˔˂˃Φ ˁʰʽ ˃ʶ 

ˎ˕ˈ˃ʶˍˊˇ мΣтоп .˃ ˃ʶ ˃ʶʴʱ˂ˇ ˍ˃ʺ˃ʰ ˍʹˌ ˄ʰ ˁʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ʵʰˋʽˁʷˌ ʶˁˍʱˋʶʽˌΦ ɶ 

ˁʰˍʰˋˍˊˇ˒ʽˁʺ ˉˎˊˁʰʴʽʱ ʹ ˇˉˇʾʰ ˅ʷˋˉʰˋʶ ˋˍʹ˄ ɰˈˊʶʽʰ ɳˏʲˇʽʰ ˋˍʽˌ лоκлуκнлнм ˁʰʽ ʷˁʰʽʴʶ 

ʷ˖ˌ ˍʽˌ ммκлуκнлнм ʷˁʰ˕ʶ ˃ʾʰ ʷˁˍʰˋʹ рнлΦллл ˋˍˊʶ˃˃ʱˍ˖˄Σ ˃ʶ ʲʱˋʹ ˍʹ˄ ʰˉˇʴˊʰ˒ʺ ˉˇˎ 

ʷʴʽ˄ʶ ʰˉˈ ˍˇ ʵʰˋʰˊ˔ʶʾˇ ˍˇ нлннΣ ʶ˄˗ ˇʽ ʶˁˍʱˋʶʽˌ ˇʽ ˇˉˇʾʶˌ ʵʶ˄ ˁʱʹˁʰ˄ ʰ˄ʷˊ˔ˇ˄ˍʰʽ ˋˍʰ 

поΦфпл ˋˍˊʷ˃˃ʰˍʰΦ 

ʁʽ ˉˎˊˁʰʴʽʷˌ ʰˎˍʷˌ ʺˍʰ˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ ˄ʰ ʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˁʰʽ ʷ˄ˍˇ˄ʶˌ ˉ˂ʹ˃˃ˏˊʶˌΣ ˈˉ˖ˌ ˁʰʽ 

ʷʴʽ˄ʶ ˍˇ˄ ʅʶˉˍʷ˃ʲˊʹ ˍˇˎ нлно ˃ʶ ˍʹ˄ ˁʰˁˇˁʰʽˊʾʰ ˉˇˎ ˇ˄ˇ˃ʱˋˍʹˁʶ ζELIASηΣ ˈˉˇˎ 

ˉˊˇˁ˂ʺʻʹˁʰ˄ ˃ʶʴʱ˂ʶˌ ˉ˂ʹ˃˃ˏˊʶˌ ˋʶ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ɳˏʲˇʽʰ ˁʰʽ ˁˎˊʾ˖ˌ ˋˍʽˌ ˁʰ˃ʷ˄ʶˌ 

ʶˁˍʱˋʶʽˌΦ ɶ ʷ˄ˍˇ˄ʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌΣ ˇʽ ˇˉˇʾʶˌ ʵʽʺˊˁʹˋʰ˄ ʷ˖ˌ ˁʰʽ мн ˗ˊʶˌ ˋˎ˄ʶ˔ˈ˃ʶ˄ʶˌ 

ˉˊˇˁʱ˂ʶˋʰ˄ ˁʰˍˇ˂ʽˋʻʺˋʶʽˌ ˁʰʽ ˉ˂ʹ˃˃ˏˊʶˌΣ ˃ʶ ʰˉˇˁˇˊˏ˒˖˃ʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹˋˍʽʰʾʰˌΣ 

ˋˍʹ˄ ˇˉˇʾʰ ˋʹ˃ʶʽ˗ʻʹˁʰ˄ плл ˁΦ˃Φ ˄ʶˊˇˏ ʰ˄ʱ ˋˍˊʷ˃˃ʰ ˃ʷˋʰ ˋʶ ʷ˄ʰ нп˖ˊˇ ˁʰʽ ˋʶ ʵʽʱˋˍʹ˃ʰ 

с ˖ˊ˗˄  мрл ˁΦ˃Φ ˄ʶˊˇˏ ʰ˄ʱ ˋˍˊʷ˃˃ʰΦ   
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1.1. ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ɳˊʴʰˋʾʰˌ 
 

ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʹˌ ɾʶˍʰˉˍˎ˔ʽʰˁʺˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ ʰˉˇˍʶ˂ʶʾ ʹ ʰ˄ʱˉˍˎ˅ʹ 

ˁʰʽ ʵʽʶˊʶˏ˄ʹˋʹ ˋʶ˄ʰˊʾ˖˄ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˄ʶˊˇˏ ˃ʷˋ˖ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ 

ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɰˈˊʶʽʰ ɳˏʲˇʽʰΣ̩ ˋˍʹ ˂ʶˁʱ˄ʹ ʰˉˇˊˊˇʺˌ ˍˇˎ ɮˊˍʶ˃ʽˋʾˇˎΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ 

ʶˊʴʰˋʾʰˌ ʻʰ ʴʾ˄ʶʽ ʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ ˋʶ ˒ˎˋʽˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ 

ˍˈˋˇ ˋʶ ˃ʶ˂ʶˍʹˍʽˁˈ ˎˉˈʲʰʻˊˇΣ ˈˋˇ ˁʰʽ ˋʶ ʶ˒ʰˊ˃ˇˋ˃ʷ˄ʶˌ ˃ʶ˂ʷˍʶˌΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ʹ 

ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ˃ˇ˄ˍʷ˂ˇˎ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ˍʹ˄ 

ʵʽʶˊʶˏ˄ʹˋʹ ˋʶ˄ʰˊʾ˖˄ ʴʽʰ ˍʹ˄ ʶˉʾʵˇˋʹ ˍ˖˄ ˃ʷˍˊ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ ˋˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ 

ʶˉʽˉˍ˗ˋʶ˖˄ ʰˉˈ ˍʹ˄ ˉˎˊˁʰʴʽʱΣ ˍʹ˄ ˅ʹˊʰˋʾʰ ˁʰʽ ˍʹ˄ ˉ˂ʹ˃˃ˏˊʰΦ ʅˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˃ʶ˂ʷˍʹˌ 

ˁʰʽ ʶ˒ʰˊ˃ˇʴʺˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˇʽ ˍˊˈˉˇʽ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˌ ʶ˄ʶˊʴʶʾ ˇ ˁʱʻʶ ˃ʶ˂ʶˍʹˍʺˌ ʰ˄ʱ˂ˇʴʰ 

˃ʶ ˍˇ˄ ˋˍˈ˔ˇ ˉˇˎ ʷ˔ʶʽΣ ʰˉˇˍʶ˂˗˄ˍʰˌ ʷ˄ʰ ˎˉˈʲʰʻˊˇ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ NBS 

ˋˍʹ˄ ɽʶˁʱ˄ʹ ɮˉˇˊˊˇʺˌ ˍˇˎ ɮˊˍʶ˃ʽˋʾˇˎΦ ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʷ˔ʶʽ ˉ˂ʹʴʶʾ ʰˉˈ ˉˎˊˁʰʴʽʱ ˁʰʽ 

˃ʶˍʷˉʶʽˍʰ ʰˉˈ ˉ˂ʹ˃˃ˏˊʰΦ ʆˇ ʽˋˍˇˊʽˁˈ ˍʹˌ ʰˎˍˈ ˁʰʻʽˋˍʱ ʰˉʰˊʰʾˍʹˍʹ ˍʹ˄ ʵʽʶˊʶˏ˄ʹˋʹ ˍ˖˄ 

ʶˉʽˉˍ˗ˋʶ˖˄ ˍʹˌ ˉˎˊˁʰʴʽʱˌ ˁʰʽ ˍʹˌ ˉ˂ʹ˃˃ˏˊʰˌ ˋˍʰ ʴʶ˖˃ˇˊ˒ˇ˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌΣ ˁʰʻ˗ˌ ʰˎˍʺ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˃ʶ˂ʶˍʹʻʶʾ ˖ˌ ˃ʾʰ ˁʰ˄ˇ˄ʽˁʱ ˒ˎˋʽˁʺ ʷˁˍʰˋʹΣ ˈˉ˖ˌ ˇʽ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ˋˍʽˌ ˇˉˇʾʶˌ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˇʽ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹΦ 

ɱʽʰ ˍʹ˄ ˎʵˊˇ˂ˇʴʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰ  HEC-HMS пΦммΣ ʶ˄˗ ʴʽʰ 

ˍʹ ʴʶ˖˃ˇˊ˒ˇ˂ˇʴʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ArcMap млΦо ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʶˊʴʰ˂ʶʽˇʻʺˁʹ HEC-GeoHMS. ɱʾ˄ʶˍʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ʶ˄ˈˌ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁˇˏ 

˃ˇ˄ˍʷ˂ˇˎΣ ʴʽʰ ˍˇ ˇˉˇʾˇ ʶˁˍʽ˃ʱˍʰʽ ˍˇ ɾˇ˄ʰʵʽʰʾˇ ʇʵˊˇʴˊʱ˒ʹ˃ʰ  όɾʇɱύΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍ˖˄ 

ɹˋˈ˔ˊˇ˄˖˄ ɼʰ˃ˉˎ˂˗˄. ɶ ˃ʶ˂ʷˍʹ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ˁʰˍʱ˂˂ʹ˂ˇˎ ˍˏˉˇˎ NBS ʷʴʽ˄ʶ ˃ʶ ˍʹ˄ 

ʶ˅ʷˍʰˋʹ ʷ˅ʽ ˋʶ˄ʰˊʾ˖˄ ʴʽʰ ʵʽʱˊˁʶʽʰ ʲˊˇ˔ʺˌ ˁʰʽ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌΣ ˈˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ʵˏˇ ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ˍʶ˔˄ʹˍ˗˄ ˂ʽ˃˄˗˄Σ ˃ʰʸʾ ˃ʶ ʵʰˋʽˁʷˌ ˊˎʻ˃ʽˋˍʽˁʷˌ ʸ˗˄ʶˌ ˋˍˇ˄ 

ˉʶˊʾʴˎˊˇ ˍˇˎˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ !It ό!ƴŀƭȅǘƛŎŀƭ IƛŜǊŀǊŎƘȅ 

tǊƻŎŜǎǎύΣ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˔ʱˊˍʹ ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰˌ ˃ʶ ˍʰ ˋʹ˃ʶʾʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʹ 

ʶ˒ʰˊ˃ˇʴʺ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹΣ ʰˉˈ ˍˇ˄ ˔ʱˊˍʹ ʰˎˍˈ ʴʾ˄ʶˍʰʽ ʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ ʵˏˇ 

ʻʷˋʶ˖˄Φ ɾʶ ʵʶʵˇ˃ʷ˄ʹ ˍʹ˄ ˏˉʰˊ˅ʹ ˍ˖˄ ʵˏˇ ˂ʽ˃˄˗˄ ʴʾ˄ʶˍʰʽ ˅ʰ˄ʱ ʹ ʶˉʾ˂ˎˋʹ ˍˇˎ ˎʵˊˇ˂ˇʴʽˁˇˏ 

˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˇʽ ʵʽʰ˒ˇˊʷˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Φ ɳˉʽˉ˂ʷˇ˄Σ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ Vensim ̫ ʴʽ˄ʶ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ Causal Loop ʵʽʰʴˊʱ˃˃ʰˍˇˌΣ ˈˉˇˎ ˃ʶ˂ʶˍʱˍʰʽ 

ʹ ʵˎ˄ʰ˃ʽˁʺ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍ˖˄ ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ˂ʽ˃˄˗˄ ˋˍˇ ɮˊˍʶ˃ʾˋʽˇΣ ˍˈˋˇ ˋʶ 
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ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ˁ˂ʾ˃ʰˁʰΣ ˈˋˇ ˁʰʽ ˋʶ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁʺΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ 

ˁʰˍʱˋˍʰˋʹ ˍˇˎΦ  

  

 

1.2. ɰh ˋʽˁʱ ɳˊʴʰ˂ʶʾʰ 
 

1.2.1.  ɾˇ˄ˍʷ˂ʰ ʲˊˇ˔ʺˌ ς ɮˉˇˊˊˇʺˌ 

ɴ˄ʰ ˃ˇ˄ˍʷ˂ˇ ʶʾ˄ʰʽ ˃ʽʰ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʹ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʶ˄ˈˌ ˉˊʰʴ˃ʰˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʶ 

ˇˊʽˋ˃ʷ˄ʶˌ ˉʰˊʰʵˇ˔ʷˌΦ ɴ˄ʰ ʲʷ˂ˍʽˋˍˇ ˃ˇ˄ˍʷ˂ˇ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉ˂ʹˋʽʱʸˇˎ˄ 

ʰˊˁʶˍʱ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˁʰˍʱˋˍʰˋʹ ˃ʶ ˍˇ˄ ʶ˂ʱ˔ʽˋˍˇ ʵˎ˄ʰˍˈ ʰˊʽʻ˃ˈ ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ˍˇ 

˃ʽˁˊˈˍʶˊˇ ʲʰʻ˃ˈ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌΦ ɴ˄ʰ ˃ˇ˄ˍʷ˂ˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˉˇ˂˂ʷˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉˇˎ 

ˁʰʻˇˊʾʸˇˎ˄ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ɴ˄ʰ ˃ˇ˄ˍʷ˂ˇ ʰˉˇˊˊˇʺˌ ˃ˉˇˊʶʾ ˄ʰ ˇˊʽˋˍʶʾ ˖ˌ  

ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʶ˅ʽˋ˗ˋʶ˖˄Σ ʲʱˋʹ ˍ˖˄ ˇˉˇʾ˖˄ ʶˁˍʽ˃ʱˍʰʽ ʹ ʰˉˇˊˊˇʺ ˋˎ˄ʰˊˍʺˋʶʽ ʵʽʰ˒ˈˊ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶ ˍʰ ˁ˂ʽ˃ʰˍʽˁʱ ˁʰʽ ʴʶ˖ʴˊʰ˒ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˂ʶˁʱ˄ʹˌ 

ʰˉˇˊˊˇʺˌ ˍˇˎΦ ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʱ ˋˎ˄ʰ˄ˍʱˍʰʽ ˃ʽʰ ˉ˂ʹʻ˗ˊʰ ˃ˇ˄ˍʷ˂˖˄ ʰˉˇˊˊˇʺˌΣ ˍʰ ˇˉˇʾʰ 

ˉˇʽˁʾ˂ˇˎ˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ʵʽʰʻʷˋʽ˃ʰΣ ˍˇ˄ ʰˊʽʻ˃ˈ ˁʰʽ ˍʹ ˒ˏˋʹ ˍ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄Σ ˍˇ˄ ʲʰʻ˃ˈ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ ˍˇˎˌ ˁʰʽ ˍˇ ʶʾʵˇˌ ˍʹ ʰ˄ʱ˂ˎˋʹˌ ˉˇˎ ʶˉʽʻˎ˃ˇˏ˃ʶ 

˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋˇˎ˃ʶΦ ɶ ˃ʶʴʱ˂ʹ ʰˎˍʺ ʵʽʰʻʶˋʽ˃ˈˍʹˍʱ ˃ˇ˄ˍʷ˂˖˄ ˁʰʻʽˋˍʱ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ 

ˁʰˍʱ˂˂ʹ˂ˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʰˊˁʶˍʱ ˋˏ˄ʻʶˍʹ ʵʽʰʵʽˁʰˋʾʰΦ ʆʰ ˉʶˊʽˋˋˈˍʶˊʰ ˃ˇ˄ˍʷ˂ʰ ʰˉˇˊˊˇʺˌ 

ʷ˔ˇˎ˄ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ˋˍˇ ʶ˅˖ˍʶˊʽˁˈΣ ʶˉˇ˃ʷ˄˖ˌ ʹ ˔ˊʺˋʹ ˍˇˎˌ ʴʽʰ ˃ʶ˂ʷˍʶˌ ˋˍˇ˄ ʶ˂˂ʰʵʽˁˈ 

˔˗ˊˇ ˍʰ ˁʱ˄ʶʽ ʵˏˋ˔ˊʹˋˍʰ ˂ˈʴ˖ ˍʹˌ ʷ˂˂ʶʽ˕ʹˌ ʰ˄ˍʽˋˍˇʽ˔ʾʰˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʽˌ 

ʽʵʽʰʽˍʶˊˈˍʹˍʶˌ ˍ˖˄ ˂ʶˁʰ˄˗˄ ʰˉˇˊˊˇʺˌ ˍʹˌ ˔˗ˊʰˌ ˃ʰˌΦ ʆˇ ˉʽˇ ˋˏ˄ʹʻʶˌ ˉˊˈʲ˂ʹ˃ʰ ˍ˖˄ 

ʶ˂˂ʹ˄ʽˁ˗˄ ˂ʶˁʰ˄˗˄ ʰˉˇˊˊˇʺˌ ʶʾ˄ʰʽ ʹ ʷ˂˂ʶʽ˕ʹ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˇˊˊˇʺˌΣ ˃ʶ ˒ˎˋʽˁˈ 

ʶˉʰˁˈ˂ˇˎʻˇ ˍʹ˄ ʵˎˋˁˇ˂ʾʰ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ʾʰˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˃ʶ ˍʰ ˉˊʰʴ˃ʰˍʽˁʱ 

ʴʶʴˇ˄ˈˍʰΦ ʅˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌ ʴʾ˄ʶˍʰʽ ˁʰˍʱˍ˃ʹˋʹ ˍʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ ˋʶ ʶˉʽ˃ʷˊˇˎˌ 

˃ʽˁˊˈˍʶˊʶˌ ˎˉˇ˂ʶˁʱ˄ʶˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˎˉʱˊ˅ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰ ˋˍʹ˄ ˃ʶ˂ʷˍʹ ˍˇˎˌ 

ˁʰʽ ˄ʰ ˃ʶʽ˖ʻʶʾ ʹ ʰʲʶʲʰʽˈˍʹˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Φ 

ʇˉʱˊ˔ˇˎ˄ ˍˊʽ˗˄ ʶʽʵ˗˄ ˃ˇ˄ˍʷ˂ʰ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎˌ ˍʰ  

ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ, ˍʰ ʹ˃ʽˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˁʰʽ ˍʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰΦ ʅˍʰ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʹ 
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ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʻʶ˖ˊʶʾˍʰʽ ˖ˌ ˃ʽʰ ʶ˄ʽʰʾʰ ˇ˄ˍˈˍʹˍʰΣ ˃ʷˋʰ ˋˍʹ˄ ˇˉˇʾʰ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ 

ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˍʰ ˃ʶʴʷʻʹ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎΣ ʶ˄˗ ˋˍʰ ʹ˃ʽˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ʹ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ 

˔˖ˊʾʸʶˍʰʽ ˋʶ ʶˉʽ˃ʷˊˇˎˌ ˎˉˇ̄ʁ ˊʽˇ˔ʷˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ ˁʰʽ ˋʶ ˁʱʻʶ 

ˎˉˇˉʶˊʽˇ˔ʺ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʰΣ ˃ʶ ˅ʶ˔˖ˊʽˋˍʱ 

ʵʶʵˇ˃ʷ˄ʰ ʹ ˁʱʻʶ ˃ʽʰΦ ʆʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˃ˇ˄ˍʷ˂ʰ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ ˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΣ ˃ʶ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˄ʰ ˔˖ˊʾʸʶˍʰʽ ˋʶ 

˃ʽˁˊˈˍʶˊʰ ˍ˃ʺ˃ʰˍʰ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷˍˋʽ ʷ˄ʰ ʶʾʵˇˌ ˁʰ˄ʱʲˇˎ ˋˍˇʽ˔ʶʾ˖˄Φ 

 

1.2.2.  ɾˇ˄ˍʷ˂ʰ  ɲˎ˄ʰ˃ʽˁʺˌ ʅˎˋˍʹ˃ʱˍ˖˄ Ϥ System Dynamics (SD) 

ʆʰ ˃ˇ˄ˍʷ˂ʰ SD ʶʾ˄ʰʽ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ  ʴʽʰ ˄ʰ ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˁʰʽ ˄ʰ 

ˁʰˍʰ˄ˇʺˋˇˎ˃ʶ ˍʹ˄ ʰʽˍʽˇˁˎˊʽʰˊ˔ʾʰ ˁʰʽ ˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʶ˄ˍˈˌ 

ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌΦ ɶ ɲˎ˄ʰ˃ʽˁʺ ʅˎˋˍʹ˃ʱˍ˖˄ ˉˇˋˇˍʽˁˇˉˇʽʶʾ ˍʹ˄ ʶˉʾʵˊʰˋʹ ʰˎˍ˗˄ ˍ˖˄ 

ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄Σ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉˊˇˋˇ˃ˇʽ˖ˍʽˁʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ʲʰˋʽˋ˃ʷ˄ʹ ˋˍʹ 

ʻʶ˖ˊʾʰ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹˌΦ ʆʰ ˃ˇ˄ˍʷ˂ʰ ʰˎˍʱ ʶˉʶʽʵʺ ʶʾ˄ʰʽ ʵˎ˄ʰ˃ʽˁʱΣ 

˃ˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋʶ ˉˇ˂ˏˉ˂ˇˁʰ ˁˇʽ˄˖˄ʽˁʱΣ ʵʽˇʽˁʹˍʽˁʱΣ ˇʽˁˇ˄ˇ˃ʽˁʱ ʺ ˇʽˁˇ˂ˇʴʽˁʱ 

ˋˎˋˍʺ˃ʰˍʰΦ ʆʰ ˃ˇ˄ˍʷ˂ʰ SD ˋˎ˃ˉ˂ʹˊ˗˄ ˍʹ ˋˁʷ˕ʹ ˋˎˋˍʹ˃ʱˍ˖˄ ˉˇˋˇˍʽˁˇˉˇʽ˗˄ˍʰˌ ˍʽˌ 

ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˁʰʽ ʰ˄ʰˉˍˏˋˋʶʽ ˃ʽʰ ˔ˊˇ˄ˇʶ˅ʰˊˍ˗˃ʶ˄ʹ ʱˉˇ˕ʹ ʴʽʰ ˍˇ ˉ˗ˌ ˋˎ˃ˉʶˊʽ˒ʷˊʶˍʰʽ 

ˍˇ ˋˏˋˍʹ˃ʰΦ ɶ ˉˊˇˋʷʴʴʽˋʹ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˉˇˎ 

ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˁʰʽ ˉˊˇˋˇ˃ˇʽ˗˄ˇˎ˄ ˉˇ˂ˏˉ˂ˇˁʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˈˉˇˎ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʰ˂˂ʱʸʶʽΦ 

ɮˎˍʱ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˒˖ˍʾʸˇˎ˄ ˂ʽʴˈˍʶˊˇ ˇˊʰˍʷˌ ˋ˔ʷˋʶʽˌΣ ʵˎ˄ʰ˃ʽˁʺ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰΣ 

ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˁʰʽ ˃ʹ ʶˉʽʻˎ˃ʹˍʷˌ ˋˎ˄ʷˉʶʽʶˌ ˍ˖˄ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄Φ ʅʰ˄ ˃ʷʻˇʵˇˌ 

ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˍˇ мфрл ʰˉˈ ˍˇ˄ ˁʰʻʹʴʹˍʺ Wŀȅ CƻǊǊŜǎǘŜǊ ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍʹˌ 

ɾʰˋʰ˔ˇˎˋʷˍʹˌΣ ʰˉˈ ˍʹ ʶˉʽʻˎ˃ʾʰ ˍˇˎ ˄ʰ ʶ˒ʰˊ˃ˈˋʶʽ ˍˇ ˎˉˈʲʰʻˊˈ ˍˇˎ ˋˍʹ˄ ʶˉʽˋˍʺ˃ʹ ˁʰʽ ˍʹ 

˃ʹ˔ʰ˄ˇ˂ˇʴʾʰ ʴʽʰ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾˋʶʽ ˁˊʾˋʽ˃ʰ ʸʹˍʺ˃ʰˍʰ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍʹ˄ ʶˉʽˍˎ˔ʾʰ ʺ ˍʹ˄ 

ʰˉˇˍˎ˔ʾʰ ʶˉʽ˔ʶʽˊʺˋʶ˖˄Φ ʆˇ мфрсΣ ˇ CƻǊǊŜǎǘŜǊ ʶ˄ˍʱ˔ʻʹˁʶ ˋˍˇ ˄ʶˇˋˏˋˍʰˍˇ ʅ˔ˇ˂ʶʾˇ ɲʽˇʾˁʹˋʹˌ 

{ƭƻŀƴ ˍˇˎ aL¢Σ ˁʰʽ ʶ˃ˉ˄ʶˈ˃ʶ˄ˇˌ ʰˉˈ ˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˍˇˎ ˃ʶ ʵʽʰ˔ʶʽˊʽˋˍʷˌ ˋˍʹ˄ DŜƴŜǊŀƭ 

9ƭŜŎǘǊƛŎ όD9ύΣ ˅ʶˁʾ˄ʹˋʶ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ʻʶ˃ʶ˂ʾ˖˄ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˋˎˋˍʹ˃ʱˍ˖˄Φ  

ɶ ʰˊ˔ʽˁʺ ˉˊˈˁ˂ʹˋʹ ˋˍʹ˄ D9 ʰ˒ˇˊˇˏˋʶ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˋʹ˃ʰ˄ˍʽˁˇˏ ˍˊʽʶˍˇˏˌ ˁˏˁ˂ˇˎ 

ʰˉʰˋ˔ˈ˂ʹˋʹˌ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰ˄ ˋˍʰ ʶˊʴˇˋˍʱˋʽʰ ʹ˂ʶˁˍˊʽˁ˗˄ ˋˎˋˁʶˎ˗˄ ˍˇˎˌ ˋˍˇ ɼʶ˄ˍʱˁʽΦ 

ʋʶʽˊˇˁʾ˄ʹˍʶˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍʹˌ ʵˇ˃ʺˌ ˊˇʺˌ-ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹˌΣ ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˍʹˌ 
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ʵˇ˃ʺˌ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄ ʴʽʰ ˉˊˈˋ˂ʹ˕ʹ ˁʰʽ ʰˉˇ˂ˏˋʶʽˌΣ ʷʵʶʽ˅ʰ˄ ˈˍʽ ʹ ʰˋˍʱʻʶʽʰ ˋˍʹ˄ 

ʰˉʰˋ˔ˈ˂ʹˋʹ ˇ˒ʶʾ˂ˇ˄ˍʰ˄ ˋˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ʵˇ˃ʺ ˍʹˌ ʶˍʰʽˊʶʾʰˌΣ ˉʰˊʱ ˋʶ ʶ˅˖ˍʶˊʽˁˇˏˌ 

ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌ ˇ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁˈˌ ˁˏˁ˂ˇˌΦ ɮˎˍʷˌ ˇʽ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˋʹ˃ʰˍˇʵˈˍʹˋʰ˄ ˍʹ˄ 

ʷ˄ʰˊ˅ʹ ˍˇˎ ˉʶʵʾˇˎ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ  

ɼʰˍʱ ˍʰ ˍʷ˂ʹ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ мфрл ˁʰʽ ˍʽˌ ʰˊ˔ʷˌ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ мфслΣ ˇ CƻǊǊŜǎǘŜǊ ˁʰʽ 

˃ʽʰ ˇ˃ʱʵʰ ʰˉˈ ʵʽʵʰˁˍˇˊʽˁˇˏˌ ˒ˇʽˍʹˍʷˌ ˃ʶˍʷ˒ʶˊʰ˄ ˍʹ ˄ʶˇˋˎˋˍʰʻʶʾˋʰ ʵˎ˄ʰ˃ʽˁʺ 

ˋˎˋˍʹ˃ʱˍ˖˄ ʰˉˈ ˍʹ ˒ʱˋʹ ˍ˖˄ ˔ʶʽˊˇˁʾ˄ʹˍ˖˄ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ ˋˍˇ ˋˍʱʵʽˇ ˍˇˎ ʶˉʾˋʹ˃ˇˎ 

˃ˇ˄ˍʶ˂ˇˉˇʽʹˍʽˁˇˏ ˎˉˇ˂ˇʴʽˋˍʺΦ ʁ wƛŎƘŀǊŘ .ŜƴƴŜǘǘ ʵʹ˃ʽˇˏˊʴʹˋʶ ˍʹ˄ ˉˊ˗ˍʹ ʴ˂˗ˋˋʰ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˎˉˇ˂ˇʴʽˋˍʺ ʴʽʰ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˇ˄ˇ˃ʰʸˈ˃ʶ˄ʹ {Lat[9 

όʃˊˇˋˇ˃ˇʾ˖ˋʹ ɰʽˇ˃ʹ˔ʰ˄ʽˁ˗˄ ɲʽʰ˔ʶʽˊʽˋˍʽˁ˗˄ ʃˊˇʲ˂ʹ˃ʱˍ˖˄ ˃ʶ ʃˇ˂˂ʷˌ ɳ˅ʽˋ˗ˋʶʽˌύΣ ˍʹ˄ 

ʱ˄ˇʽ˅ʹ ˍˇˎ мфруΦ ʆˇ мфрфΣ ʹ tƘȅƭƭƛǎ CƻȄ ˁʰʽ ˇ !ƭŜȄŀƴŘŜǊ tǳƎƘ ˋˎ˄ʷˍʰ˅ʰ˄ ˍʹ˄ ˉˊ˗ˍʹ ʷˁʵˇˋʹ 

ˍˇˎ 5¸b!ah όɲˎ˄ʰ˃ʽˁʱ ɾˇ˄ˍʷ˂ʰύΣ ˃ʽʰ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ʷˁʵˇˋʹ ˍʹˌ {Lat[9Σ ˁʰʽ ʹ ʴ˂˗ˋˋʰ 

ʵˎ˄ʰ˃ʽˁʺˌ ˋˎˋˍʹ˃ʱˍ˖˄ ʷʴʽ˄ʶ ˍˇ ʲʽˇ˃ʹ˔ʰ˄ʽˁˈ ˉˊˈˍˎˉˇ ʴʽʰ ˉʱ˄˖ ʰˉˈ ˍˊʽʱ˄ˍʰ ˔ˊˈ˄ʽʰΦ ʁ 

CƻǊǊŜǎǘŜǊ ʵʹ˃ˇˋʾʶˎˋʶ ˍˇ ˉˊ˗ˍˇΣ ˁʰʽ ʰˁˈ˃ʰ ˁ˂ʰˋʽˁˈΣ ʲʽʲ˂ʾˇ ˋˍˇ˄ ˍˇ˃ʷʰ ˃ʶ ˍʾˍ˂ˇ 

Ϧɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ɲˎ˄ʰ˃ʽˁʺϦ ˍˇ мфсмΦ  

ɮˊ˔ʽˁʱ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˋʶ ʶˍʰʽˊʽˁʱ ˁʰʽ ʵʽˇʽˁʹˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰΣ ʹ ʵˎ˄ʰ˃ʽˁʺ ˋˎˋˍʹ˃ʱˍ˖˄ 

ʵʽʶˎˊˏ˄ʻʹˁʶ ˍˇ мфсу ˃ʶ ˍʹ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶˍʰ˅ˏ ˍˇˎ CƻǊǊŜǎǘŜǊ ˁʰʽ ˍˇˎ ˉˊ˗ʹ˄ ɲʹ˃ʱˊ˔ˇˎ ˍʹˌ 

ɰˇˋˍ˗˄ʹˌ WƻƘƴ CΦ /ƻƭƭƛƴǎΦ ʆˇ ʷˊʴˇ ˍˇˎˌ ˇʵʺʴʹˋʶ ˋˍˇ ʲʽʲ˂ʾˇ Ϧɮˋˍʽˁʺ ɲˎ˄ʰ˃ʽˁʺΣϦ 

ˋʹ˃ʰˍˇʵˇˍ˗˄ˍʰˌ ˍʹ˄ ˉˊ˗ˍʹ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʹ-ʶˍʰʽˊʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˋˎˋˍʹ˃ʱˍ˖˄Φ 

ʆˇ мфтлΣ ˇ Wŀȅ CƻǊǊŜǎǘŜǊ ˉˊˇˋˁ˂ʺʻʹˁʶ ʰˉˈ ˍˇ /ƭǳō ƻŦ wƻƳŜ ˋʶ ˃ʽʰ ˋˎ˄ʱ˄ˍʹˋʹ ˋˍʹ ɰʷˊ˄ʹΣ 

ɳ˂ʲʶˍʾʰΣ ˃ʶ ˋˁˇˉˈ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍˇˏ˄ ˉʰʴˁˈˋ˃ʽʶˌ ˉˊˇˁ˂ʺˋʶʽˌΦ ɮˎˍˈ ˇʵʺʴʹˋʶ ˋˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ²hw[5м ˁʰʽ ²hw[5нΣ ˉˇˎ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇˎ˄ ˍʹ˄ ʰˉʶʽ˂ʺ ˍʹˌ 

ʰ˄ʻˊ˖ˉˈˍʹˍʰˌ ʰˉʷ˄ʰ˄ˍʽ ˋˍʹ˄ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ˉʰʴˁˈˋ˃ʽʰ ˉ˂ʹʻˎˋ˃ʽʰˁʺ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ˍʽˌ 

ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ ʁ CƻǊǊŜǎǘŜǊ ʵʹ˃ˇˋʾʶˎˋʶ ˍˇ Ϧ²ƻǊƭŘ 5ȅƴŀƳƛŎǎϦ ˋʶ ˋˏ˄ʵʶˋʹ 

˃ʶ ʰˎˍʷˌ ˍʽˌ ˉˊˇˋˉʱʻʶʽʶˌΦ  

ʆʰ System Dynamics ʰˉˇˍʶ˂ˇˏ˄ ˉ˂ʷˇ˄ ʷ˄ʰ ʶˎˊˏ ˉʶʵʾˇ ˃ʶ˂ʷˍʹˌ ˁʰʻ˗ˌ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˁ˂ʱʵˇˎˌ ˁʰʽ ˄ʰ ˃ˇ˄ˍʶ˂ˇˉˇʽʺˋˇˎ˄ ˍˈˋˇ ˍʽˌ ˎ˒ʽˋˍʱ˃ʶ˄ʶˌ 

ˁʰˍʰˋˍʱˋʶʽˌ ˈˋˇ ˁʰʽ ˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˉˇˎ ʻʰ ˎˉˇˋˍˇˏ˄ ʰˎˍʷˌ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ   

ɮˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʵʽʰ˒ˇˊʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ʴʽʰ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ʶ˄ˈˌ 

ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˍˇˎΦ 
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1.3. ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍ˖˄ ʵʰˋʽˁ˗˄ ˉˎˊˁʰʴʽ˗˄ 

 

ʁʽ ʵʰˋʽˁʷˌ ˉˎˊˁʰʴʽʷˌ ʰˉˇˍʶ˂ˇˏ˄ ʰ˄ʰˉˈˋˉʰˋˍˇ ˍ˃ʺ˃ʰ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˍʹˌ ˒ˏˋʹˌ 

ˁʰʻ˗ˌ ˁʰˍʱ ˋ˔ʶʵˈ˄ ˁʰ˄ˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ όɿˍʱ˒ʹˌ мфусύ ʰˎˍʷˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʰˉˈ ˃ˈ˄ʶˌ 

ˍˇˎˌ ˋˍˇ˄ ˁˏˁ˂ˇ ˍʹˌ ʸ˖ʺˌ όˁʶˊʰˎ˄ˇʾύΣ ˈˉ˖ˌ ˋˎ˃ʲʰʾ˄ʶʽ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍʰ ˗ˊʽ˃ʰ ʵʱˋʹ 

˔ʰ˂ʶˉʽˇˏ ˁʰʽ ˍˊʰ˔ʶʾʰˌ ˉʶˏˁʹˌ Σ ˈˉˇˎ ʹ ˉˎˊˁʰʴʽʱ ʰˉˇˍʶ˂ʶʾ ʰ˄ʰʴʶ˄˄ʹˍʽˁˈ ʶˊʴʰ˂ʶʾˇΦ ʂˍʰ˄ 

ˈ˃˖ˌ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ ˁʰˏˋʽ˃ʹˌ ˏ˂ʹˌ ˉˇˎ ˋˎˋˋ˖ˊʶˏʶˍʰʽΣ ʵʹ˂ʰʵʺ ʶʾˍʶ ˇʽ ˄ʶˁˊˇʾ ʶʾˍʶ ˇʽ 

ʸ˖˄ˍʰ˄ˇʾ ʽˋˍˇʾ ˍ˖˄ ˒ˎˍ˗˄Σ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ʰˎˍˈ ˉˇˎ ʰ˄ʰˁˎˁ˂˗˄ʶˍʰʽΣ ˍˈˍʶ ʷ˔ˇˎ˃ʶ 

ʰˏ˅ʹˋʹ ˍ˖˄ ˉˎˊˁʰʴʽ˗˄ όYŀƭŀōƻƪƛŘƛǎ Ŝǘ ŀƭΦ нллнύΦ ɶ ˁʰˏˋʽ˃ʹ ˏ˂ʹ ˁʰˍʰ˄ʷ˃ʶˍʰʽ ˋʶ ʵˏˇ 

ˁʰˍʹʴˇˊʾʰˌΥ ʰύ ˍʹ˄ ˁʰˏˋʽ˃ʹ ˏ˂ʹ ʶʵʱ˒ˇˎˌΣ ʹ ˇˉˇʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˈ˂ʹ ˍʹ˄ ˁʰˏˋʽ˃ʹ ˏ˂ʹ ˉˇˎ 

ʲˊʾˋˁʶˍʰʽ ˉʱ˄˖ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˃ʷ˔ˊʽ ˏ˕ˇˌ мΣр ƳΦ ʁʽ ˁˎˊʽˈˍʶˊʶˌ ʵʰˋʽˁʷˌ 

ˁʰˏˋʽ˃ʶˌ ˏ˂ʶˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ʶʾ˄ʰʽ ʹ ˍˏˊ˒ʹΣ ˇʽ ˊʾʸʶˌ ˍ˖˄ ʵʷ˄ˍˊ˖˄Σ ˇ ˅ʹˊˇˍʱˉʹˍʰˌΣ ˍʰ ˄ʶʰˊʱ 

ʵʷ˄ˍˊʰ ˁʰʽ ˇʽ ʻʱ˃˄ˇʽΣ ʹ ˉʰˊʶʵʱ˒ʽʰ ʲ˂ʱˋˍʹˋʹΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˁ˂ʰʵʽʱ ˂ʶˉˍˈˍʶˊʰ ʺ 

ˉʰ˔ˏˍʶˊʰΣ ˁʰˍʰˁʶʾ˃ʶ˄ˇʽ ˁˇˊ˃ˇʾ ˁʰʽ ˉˊʷ˃˄ʰΦ ˁʰʽ ʲύ ɳ˄ʰʷˊʽʰ ˁʰˏˋʽ˃ʹ ˏ˂ʹΣ ʹ ˇˉˇʾʰ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ˁʰˏˋʽ˃ʹˌ ˏ˂ʹˌ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋʶ ˏ˕ˇˌ мΣр Ƴ ˁʰʽ ˎ˕ʹ˂ˈˍʶˊʰ 

όɼʰˍˋʱ˄ˇˌ мфтлύΦ 

ʁʽ ʵʰˋʽˁʷˌ ˉˎˊˁʰʴʽʷˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ʶ˅ʱˉ˂˖ˋʺˌ ˍˇˎˌ ˁʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʻʷˋʹ ˍˇˎˌ 

ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽΣ ˋʶ ʶʵʱ˒ˇˎˌ ʺ ˎˉˈʴʶʽʶˌΣ ˋʶ ʶˉʽ˒ʰ˄ʶʾʰˌ ʺ 

ʷˊˉˇˎˋʶˌ ˁʰʽ ˋʶ ˁˈ˃ʹˌ ʺ ʶˉʽˁˈˊˎ˒ʶˌΦ ʅˍʽˌ ˉˎˊˁʰʴʽʷˌ ʶʵʱ˒ˇˎˌ ˁʰʾʴʶˍʰʽ ʹ ˇˊʴʰ˄ʽˁʺ ˏ˂ʹ ˉˇˎ 

ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ʲˊʾˋˁʶˍʰʽ ˋʶ ʵʽʱ˒ˇˊʰ ˋˍʱʵʽʰ 

ʰˉˇˋˏ˄ʻʶˋʹˌΦ ʁʽ ˉˎˊˁʰʴʽʷˌ ˍˇˎ ʶʾʵˇˎˌ ʰˎˍˇˏ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʶʽˋʵˏˋˇˎ˄ ʲʰʻˏˍʶˊʰ ˉʱ˄˖ 

ʰˉˈ м ʺ н ˃ʷˍˊʰΣ ˈˍʰ˄ ˎˉʱˊ˔ʶʽ ˇˊʴʰ˄ʽˁʺ ˇˎˋʾʰ όˍˏˊ˒ʹύ ˁʰʽ ˄ʰ ʶ˅ʰˉ˂˖ʻˇˏ˄ ˎˉˈʴʶʽʰ 

ό˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ʹ ˉʶˊʾˉˍ˖ˋʹ ˋˍʰ ʆʶ˄ʱʴʹ ʊʽ˂ʾˉˉ˖˄ - ɲˊʱ˃ʰˌύΦ ʅˍʽˌ ˉˎˊˁʰʴʽʷˌ ʶˉʽ˒ʰ˄ʶʾʰˌ 

ˁʰʾʴʶˍʰʽ ˇ ˒ˎ˂˂ˇˍʱˉʹˍʰˌ ʺ ʲʶ˂ˇ˄ˇˍʱˉʹˍʰˌΣ ʹ ˉʰˊʰʶʵʱ˒ʽʰ ʲ˂ʱˋˍʹˋʹΣ ˍʰ ˄ʶʰˊʱ ʵʷ˄ˍˊʰΣ 

ʻʱ˃˄ˇʽ ˃ʽˁˊˇˏ ˏ˕ˇˎˌΣ ˎˉˇ˂ʶʾ˃˃ʰˍʰ ˎ˂ˇˍˇ˃ʾʰˌ ˁʰʽ ˁʰˍʰˁʶʾ˃ʶ˄ʰ ˅ʶˊʱ ˁ˂ʰʵʽʱΦ ɳʾ˄ʰʽ ˍˇ ˉʽˇ 

ˋˎ˄ʹʻʽˋ˃ʷ˄ˇ ʶʾʵˇˌ ˉˎˊˁʰʴʽʱˌΣ ʵʽʰʵʾʵʶˍʰʽ ʶˏˁˇ˂ʰΣ ʰ˂˂ʱ ˋʲʺ˄ʶʽ ʴʶ˄ʽˁʱ ʴˊʺʴˇˊʰΦ ʅˍʽˌ 

ˉˎˊˁʰʴʽʷˌ ˁˈ˃ʹˌ ˁʰʾʴʶˍʰʽ ʹ ˁˈ˃ʹ ˍ˖˄ ʵʷ˄ˍˊ˖˄ ʺ ʻʱ˃˄˖˄ ˍ˖˄ ˒ˎˍʽˁ˗˄ ʶʽʵ˗˄ ˉˇˎ ʶʾ˄ʰʽ 

ʶˏ˒˂ʶˁˍʹΦ ɮˎˍʷˌ ˇʽ ˉˎˊˁʰʴʽʷˌ ʶʾ˄ʰʽ ˇʽ ˉʽˇ ʶˉʽˁʾ˄ʵˎ˄ʶˌΣ ʴʽʰˍʾ ʶ˅ʰˉ˂˗˄ˇ˄ˍʰʽ ˍʰ˔ˏˍʶˊʰΣ 

ˁʰˍʰˋˍʷ˂˂ˇ˄ˍʰʽ ʵˎˋˁˇ˂ˈˍʶˊʰ ˁʰʽ ʷ˔ˇˎ˃ʶ ˁʰˍʰˋˍˊˇ˒ʺ ˃ʶʴʱ˂˖˄ ʵʰˋ˗˄Φ ʁ ʱ˄ʶ˃ˇˌ 

ˉʰˊʰˋˏˊʶʽ ˋʶ ʰˊˁʶˍʺ ʰˉˈˋˍʰˋʹ ˃ʽˁˊʱ ˁʰʽʴˈ˃ʶ˄ʰ ˍʶ˃ʱ˔ʽʰ ˁ˂ʰʵʽ˗˄ ˒ˏ˂˂˖˄Σ ˒˂ˇʽˇˏΣ ˁΦ˂ˉΦΣ 

ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˄ʷʶˌ ʶˋˍʾʶˌ ˉˎˊˁʰʴʽʱˌΦ  ʃˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʷˊˉˇˎˋʶˌ ˉˎˊˁʰʴʽʷˌ ˉˇˎ 
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˃ʶˍʰʵʾʵˇ˄ˍʰʽ ˋˍʹ˄ ˁˈ˃ʹΣ ˈˍʰ˄ ˎˉʱˊ˔ʶʽ ˋˎ˄ʷ˔ʶʽʰ ˋˍʹ˄ ˁʰˏˋʽ˃ʹ ˏ˂ʹ ˁʰʽ ʷ˔ˇˎ˃ʶ ˋˎʴ˔ˊˈ˄˖ˌ 

ˉˎˊˁʰʴʽʷˌ ˁˈ˃ʹˌ ˁʰʽ ʷˊˉˇˎˋʶˌΦ ʁʽ ˁʰʻʰˊʷˌ ˉˎˊˁʰʴʽʷˌ ˁˈ˃ʹˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˋˉʱ˄ʽʶˌ ˁʰʽ ˃ˈ˄ˇ 

ˋʶ ʵʱˋʹ ˃ʰˏˊʹˌ ˉʶˏˁʹˌΦ 

ɼʰˍʱ ˍʹ˄ ˁʰˏˋʹ ˃ʽʰˌ ʵʰˋʽˁʺˌ ʷˁˍʰˋʹˌΣ ʴʾ˄ʶˍʰʽ ʵʽʱʲˊ˖ˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʻ˗ˌ ˍʰ ʵʷ˄ˍˊʰ ˍʰ 

ˇˉˇʾʰ ˋˎʴˁˊʰˍˇˏ˄ ˍʹ˄ ˇˊ˃ʺ ˍˇˎ ˄ʶˊˇˏΣ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ʰˉˇˊˊˇ˒ˇˏ˄ ˁʰʽ ˃ʷˊˇˌ ʰˎˍˇˏΣ 

ˉ˂ʷˇ˄ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄Σ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˇʽ ˉ˂ʹ˃˃ˏˊʶˌ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˁʰˍʱ˄ˍʽΦ 

ɴ˄ʰ ʰˁˈ˃ʹ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʶʾ˄ʰʽ ʹ ˂ʶʽ˕ˎʵˊʾʰΣ ˁʰʻ˗ˌ ˍˇ ʷʵʰ˒ˇˌ 

ˉ˂ʷˇ˄ ʵʶ˄ ˋˍˊʰʴʴʾʸʶʽ ˃ʶ ˋˍʰʻʶˊˈ ˊˎʻ˃ˈ ˋˍʰ ˋʹ˃ʶʾʰ ʶˁˊˇʺˌ ό˂ʾ˃˄ʶˌΣ ˊʷ˃ʰˍʰΣ ˉˇˍʱ˃ʽʰΣ 

ˉʹʴʶˌΣ ˁ˂ˉύΣ ʰ˂˂ʱ ˁʰˍʰ˂ʺʴʶʽ ˋʶ ʰˎˍʱ ˃ʶ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰˉˇˊˊˇʺ ˁʰʽ ˃ʶ ˃ʶʴʱ˂ʹ ˉˇˋˈˍʹˍʰ 

˒ʶˊˍ˗˄ ˎ˂ʽˁ˗˄Φ 

ɳˉʽˉ˂ʷˇ˄Σ ˉˇ˂˂ʷˌ  ʰˉˈ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʵʰˋʽˁʷˌ ˉˎˊˁʰʴʽʷˌΦ 

ɶ ʷ˄ˍʰˋʹ, ˍˇ ʶʾʵˇˌ ˍʹˌ ˉˎˊˁʰʴʽʱˌΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˍˇ ˏ˕ˇˌ ˍ˖˄ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ ˉˇˎ 

ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ ˋˍʹ ˃ʱʸʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ ˔ˊˇ˄ʽˁʺ ̩

ʵʽʱˊˁʶʽʱ ˍˇˎˌΣ ʶˉʽʵˊˇˏ˄ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˍˊˈˉˇ ˋˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ό5Ŝ 

.ŀƴƻ Ŝǘ ŀƭΦΣ мфтфύΦ ʁʽ ʲʰˋʽˁˈˍʶˊʶˌ ˃ʶˍʰʲˇ˂ʷˌΣ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍʹ ʻˊʶˉˍʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍˇˎ 

ʶʵʱ˒ˇˎˌΣ ˋˍʹ˄ ˇ˅ˏˍʹˍʱ ˍˇˎ ʰ˂˂ʱ ˁʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˒ ˎˋʽˁʷˌ ˍˇˎ ʽʵʽˈˍʹˍʷˌ. 

ɱʽʰ ˉˇ˂˂ʱ ʵʰˋʽˁʱ ʶʾʵʹΣ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ʶˏˊˇˌ ˍʽ˃ʺˌ ˇ˅ˏˍʹˍʰˌ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ˇ˃ʰ˂ʺ 

ʰ˄ʱˉˍˎ˅ʺ ˍˇˎˌΦ ʂˍʰ˄ ʰˎˍˈ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˃ʶ ˇˉˇʽˇ˄ʵʺˉˇˍʶ ˍˊˈˉˇΣ ʷ˔ʶʽ ʱ˃ʶˋʹ ʶˉʾʵˊʰˋʹ 

ˋˍʽˌ ˒ˎˋʽˁˇ˔ʹ˃ʽˁʷˌ ˁʰʽ ʲʽˇ˂ˇʴʽˁʷˌ ʽʵʽˈˍʹˍʷˌ ˍˇˎΦ ɶ ˁʰˏˋʹ ˃ʶʴʱ˂˖˄ ˉˇˋˇˍʺˍ˖˄ ʸ˗ˋʹˌ ˁʰʽ 

˄ʶˁˊʺˌ ˇˊʴʰ˄ʽˁʺˌ ˇˎˋʾʰˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ʵʰˋʽˁ˗˄ ʶʵʰ˒˗˄Σ ʷ˔ʶʽ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ 

ʰˉʶ˂ʶˎʻʷˊ˖ˋʹ ˎˉˈ ˃ˇˊ˒ʺ ˇ˅ʶʽʵʾ˖˄ ʰ˂ˁʰ˂ʾ˃ʶˍʱ˂˂˖˄ ˁʰʽ ʴʰʽˇʰ˂ˁʰ˂ʽ˃ʶˍʱ˂˂˖˄Σ ˍʰ ˇˉˇʾʰ 

ʴˊʺʴˇˊʰ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋʶ ˎʵˊˇ˅ʶʾʵʽʰΦ ɮˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍʺˌ ˍʹˌ ˔ʹ˃ʽˁʺˌ ʰ˄ˍʾʵˊʰˋʹˌ ʶʾ˄ʰʽ ʹ 

ʶ˂ʱˍˍ˖ˋʹ ˍʹˌ ˇ˅ˏˍʹˍʰˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ό{ŀƳǇǎƻƴ мфппΣ /ƘǊƛǎǘŜƴǎŜƴ ŀƴŘ aǳƭƭŜǊΣ мфтрΣ IŜǘǎŎƘΣ 

мфулύΦ ɶ ˉˇˋˈˍʹˍʰ ˁʰʽ ˍˇ ʶʾʵˇˌ ˍ˖˄ ˁʰˍʽˈ˄ˍ˖˄ ˉˇˎ ʰˉʶ˂ʶˎʻʶˊ˗˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ ˒˖ˍʽʱΣ ʹ 

ʷ˄ˍʰˋʺ ˍʹˌ ˁʰʽ ʹ ˊˎʻ˃ʽˋˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˁʰʻˇˊʾʸˇˎ˄ ˍˇ ˏ˕ˇˌ ˍʹˌ ˃ʶˍʰʲˇ˂ʺˌΦ 

ɳˉʽˉˊˈˋʻʶˍʰΣ ˇʽ ʵʰˋʽˁʷˌ ˉˎˊˁʰʴʽʷˌ ʶˉʹˊʶʱʸˇˎ˄ ˉʶˊʽˋˋˈˍʶˊˇ ˍʰ ʶʵʱ˒ʹ ˃ʶ ˃ʽˁˊˈ ˉˇˋˇˋˍˈ 

ʰˊʴʾ˂ˇˎ ˁʰʽ ˃ʶʽ˖˃ʷ˄ʹ ˊˎʻ˃ʽˋˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰΦ ʁ IŜǘǎŎƘ όмфулύΣ ʷ˄ʰ ˔ˊˈ˄ˇ ˃ʶˍʱ ʰˉˈ 

ˉˎˊˁʰʴʽʱΣ ˃ʷˍˊʹˋʶ ˋʶ ʰ˃˃˗ʵʶˌ ʷʵʰ˒ˇˌ ˋˍʹ ɱʶˊ˃ʰ˄ʾʰΣ ˃ʶʾ˖ˋʹ ˍʹˌ ˇ˅ˏˍʹˍʰˌ ʰˉˈ оΣн ˋʶ рΣо 

ʶ˄˗ ˍʷˋˋʶˊʰ ˔ˊˈ˄ʽʰ ˃ʶˍʱΣ ʹ ˍʽ˃ʺ ʶʾ˔ʶ ˁʰˍʷʲʶʽ ˋˍˇ пΣфΦ ɮ˄ˍʾʻʶˍʰΣ ʹ ɮˊʽʰ˄ˇˏˍˋˇˎ ς 

ʊʰˊʰʴʴʽˍʱˁʹ όмфтфύΣ ˋʶ ʶʵʱ˒ʹ ˃ʶ ˎ˕ʹ˂ˈ ˉˇˋˇˋˍˈ ʰˊʴʾ˂ˇˎΣ ˋˍˇ˄ ʇ˃ʹˍˍˈΣ ˃ʶ ǇI ʰˉˈ тΣмт 
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ʷ˖ˌ уΣнпΣ ˃ʷˍˊʹˋʶ ˃ʶˍʱ ʰˉˈ ˉˎˊˁʰʴʽʱ ˋʶ ˒ˊˏʴʰ˄ʰΣ ˍʽ˃ʷˌ ǇI тΣоф ʷ˖ˌ уΣмуΦ ʃʰˊʱ˂˂ʹ˂ʰΣ 

˃ʶˍʱ ʰˉˈ ˃ʾʰ ˉˎˊˁʰʴʽʱΣ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʹ ʵʽʱʲˊ˖ˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˋʰ˒˗ˌ ˁʰʽ ʹ 

ˉʰˊʰʴ˖ʴʽˁˈˍʹˍʱ ˍˇˎΦ ɶ ʰˏ˅ʹˋʹ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ʷ˔ʶʽ ˖ˌ ˋˎ˄ʷˉʶʽʰ ˍʹ˄ 

ʶ˃˒ʱ˄ʽˋʹ ˔ʶʽ˃ʰˊˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄Φ ɼʱˍʽ ˍʷˍˇʽˇΣ ˍˊˇ˒ˇʵˇˍʶʾ ˍˇˎˌ ˔ʶʽ˃ʱˊˊˇˎˌ ˃ʶ ˒ʶˊˍʱ 

ˎ˂ʽˁʱ ʰˉˈ ˍʰ ˇˉˇʾʰ ˃ʶʴʱ˂ˇ ˉˇˋˇˋˍˈ ʶʾ˄ʰʽ ʴˈ˄ʽ˃ˇ ˂ʶˉˍˈ ʷʵʰ˒ˇˌΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˃ʶ ˍʹ ˒˖ˍʽʱΣ 

ˁʰʾʴʶˍʰʽ ˍˇ ˇˊʴʰ˄ʽˁˈ ˋˍˊ˗˃ʰ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˁʰʻʽˋˍʱ ˍˇ ˔˗˃ʰ 

ˎʵʰˍˇʰˉ˖ʻʹˍʽˁˈ ˁʰʽ ʰˎ˅ʱ˄ʶˍʰʽ ʹ ˉʰˊʰʴ˖ʴʺ ˍ˖˄ ʽʸʹ˃ʱˍ˖˄Φ ʁʽ ˂ʽʲʰʵʽˁʷˌ ʶˁˍʱˋʶʽˌ ˉˇˎ 

ˁʰ˂ˏˉˍˇ˄ˍʰʽ ʰˉˈ ˂ʽʲʰʵʽˁʱ ˒ˎˍʱ ˁʰʽ ˂ʾʴˇˎˌ ʻʱ˃˄ˇˎˌΣ ʵʽʰʲˊ˗˄ˇ˄ˍʰʽ ʶˎˁˇ˂ˈˍʶˊʰ ʰˉΩ ˈˍʽ ˍˇ 

ˉˎˁ˄ˈ ʵʱˋˇˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈΣ ʹ ˁʰ˂˂ʽʷˊʴʶʽʰ ˁʰʽ ʹ ˉˊˇʶˍˇʽ˃ʰˋʾʰ ˍˇˎ ˁʰ˃ʷ˄ˇˎ ʵʱˋˇˎˌ 

ˉˊˇˌ ʰ˄ʰʵʱˋ˖ˋʹΣ ˋˎ˄ʾˋˍʰˍʰʽ ˄ʰ ʴʾ˄ʶˍʰʽ ˂ʾʴˇˎˌ ˃ʺ˄ʶˌ ˉˊʽ˄ ˅ʶˁʽ˄ʺˋˇˎ˄ ˇʽ ˒ʻʽ˄ˇˉ˖ˊʽ˄ʷˌ 

ʲˊˇ˔ʷˌΦ 

ɮ˂ ˂ʰʴʷˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˁʰʽ ˋˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʶʵʱ˒ˇˎˌΦ ʂˍʰ˄ ˅ʶˋˉʱˋʶʽ ˉˎˊˁʰʴʽʱ ˋʶ 

ʵʰˋʽˁʺ ʷˁˍʰˋʹ ˁʰʽ ˁʰʶʾ ʹ ˇˊʴʰ˄ʽˁʺ ˏ˂ʹΣ ˇʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ 

˒ʻʱ˄ˇˎ˄ ˍˇˎˌ олл-плл ϲ/ Σ ʶ˄˗ ˇʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˋʶ ʲʱʻˇˌ ʶʵʱ˒ˇˎˌ м ŎƳΣ о ŎƳ ˁʰʽ р ŎƳΣ 

˒ʻʱ˄ˇˎ˄ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍˇˎˌ нлл-олл ϲ/Σ ˍˇˎˌ сл-ул ϲ/ ˁʰʽ ˍˇˎˌ пл-рл ϲ/Φ ɶ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ʶʵʱ˒ˇˎˌ ʰˎ˅ʱ˄ʶʽΣ ˁʰˍʱ ˃ʷˋˇ ˈˊˇΣ ˁʰˍʱ мл ϲ/ ˃ʶˍʱ ˍʹ˄ ˉˎˊˁʰʴʽʱ ˁʰʽ ʰˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ 

ʻʰ˄ʱˍ˖ˋʹ ˍʹˌ ˇˊʴʰ˄ʽˁʺˌ ˏ˂ʹˌΣ ˋˍʹ˄ ʰˉˇˁʱ˂ˎ˕ʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˋˍʹ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ 

˒ˎˋʽˁˇ˔ʹ˃ʽˁ˖˄ ˍˇˎ ʽʵʽˇˍʺˍ˖˄ όɽˎ˃ˉʶˊˈˉˇˎ˂ˇˌΣ нллуύΦ ɮ˅ʾʸʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ˍʰ 

ʰˊʴʽ˂˗ʵʹ ʶʵʱ˒ʹ ʻʶˊ˃ʰʾ˄ˇ˄ˍʰʽ ˂ʽʴˈˍʶˊˇ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ʰ˃˃˗ʵʹΦ ʆʷ˂ˇˌΣ ʶˉʹˊʶʱʸʶˍʰʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʽ ʹ ˋˎʴˁˊʱˍʹˋʹ ˎʴˊʰˋʾʰˌ ˍˇˎ ʶʵʱ˒ˇˎˌΦ ʆˇ ʷʵʰ˒ˇˌΣ ˉʰˊˇˎˋʽʱʸʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˋˎʴˁˊʰˍʶʾ ˇˊʽˋ˃ʷ˄ʹ ˉˇˋˈˍʹˍʰ ʲˊˇ˔ʺˌ ˎˉˈ ˍʹ ˃ˇˊ˒ʺ ˎʴˊʰˋʾʰˌΦ ɶ ˉˇˋˈˍʹˍʰ 

ʰˎˍʺ ˍʹˌ ˎʴˊʰˋʾʰˌ ʵʽʰ˒ʷˊʶʽ ʰ˄ʱ ˍˏˉˇ ʶʵʱ˒ˇˎˌ ˉˇˎ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˉʰˊʱʴˇ˄ˍʶˌ ˈˉ˖ˌ ˍˇ 

ʲʱʻˇˌΣ ʹ ˎ˒ʺ ˁʰʽ ʹ ʵˇ˃ʺΦ  
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1.4. ʁʽ ̄˂ʹ˃˃ˏˊʶˌ ˋˍʽˌ ʵʰˋʽˁʷˌ ʶˁˍʱˋʶʽˌ 

 

ɶ ʵʰˋʽˁʷˌ ʶˁˍʱˋʶʽˌ ˋˎ˃ʲʱ˂ˇˎ˄ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉʰˊʰˉʱ˄˖ ˍˈˋˇ ˋˍʹ ˋˎʴˁˊʱˍʹˋʹ ˁʰʽ 

ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˃ʶʴʱ˂ˇˎ ˈʴˁˇˎ ʲˊˈ˔ʽ˄ˇˎ ˄ʶˊˇˏΣ ˈˋˇ ˁʰʽ ˋˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˇˎ ʶʵʱ˒ˇˎˌ 

ʰˉˈ ˍʹ ʵʽʱʲˊ˖ˋʹΦ ɶ ʶˉʾʵˊʰˋʹ ˍʹˌ ʲ˂ʱˋˍʹˋʹˌ ˋˍʽˌ ˉ˂ʹ˃˃ˏˊʶˌ ˉˇˋˇˍʽˁˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ˄ 

ʰˊʽʻ˃ʹˍʽˁʺ ʷˁ˒ˊʰˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ 

ʶ˄ˈˌ ʶˉʶʽˋˇʵʾˇˎ ʲˊˇ˔ʺˌΦ ʁʽ ʵʽʶˊʴʰˋʾʶˌ ʰˎˍʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ˋˎʴˁˊʱˍʹˋʹ ˄ʶˊˇˏ ʰˉˈ 

ˍʰ ˒ˎˍʱΣ ˍʹ ˒ˎ˂˂ʱʵʰ ˁʰʽ ˍˇ ˔ˇˏ˃ˇΣ ˍʹ ʵʽʺʻʹˋʹ ˍʹ˄ ʲˊˇ˔ʺˌ ˋˍˇ ʷʵʰ˒ˇˌΣ ˍʹ˄ ʶˉʽ˒ʰ˄ʶʽʰˁʺ 

ˁʰʽ ˎˉʶʵʱ˒ʶʽʰ ʰˉˇˊˊˇʺΣ ˍʹ ˃ˈ˄ʽ˃ʹ ˁʰʽ ˍʹ˄ ˉʰˊˇʵʽˁʺ ˋˎʴˁˊʱˍʹˋʹ ˄ʶˊˇˏ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˃ʶ 

ˍʹ ˃ˇˊ˒ʺ ˎʴˊʰˋʾʰˌΣ ˁʰʽ ˍʹ ʵʽʱʲˊ˖ˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌΦ 

ɶ ʴʶ˖˂ˇʴʽˁʺ ˃ˇˊ˒ˇ˂ˇʴʾʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˍʹˌ ɳˏʲˇʽʰˌ ʶʾ˄ʰʽ ˁˎˊʾ˖ˌ ʰˉˈ 

ˋ˔ʽˋˍˈ˂ʽʻˇˎˌΣ ˂ʶˉˍˈˁˁˇˁˇ ʽʸʹ˃ʰˍˇʴʶ˄ʷˌ ˉʷˍˊ˖˃ʰΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ʶʽ  ˃ʶʾʴ˃ʰ ʰˊʴʽ˂ʽˁ˗˄ 

ˇˊˎˁˍ˗˄ ˁʰʽ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ʻˊʰˎˋ˃ʱˍ˖˄ ʱ˂˂˖˄ ˇˊˎˁˍ˗˄ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇ ʰˋʲʶˋˍʾˍʹˌ ˁʰʽ ˇ 

˔ʰ˂ʰʸʾʰˌ ˁʰʽ ʶʾ˄ʰʽ ˎʵʰˍˇˋˍʶʴʷˌ ˉʷˍˊ˖˃ʰ ˃ʶ ˃ʽˁˊʷˌ ˃ʹ˔ʰ˄ʽˁʷˌ ʰ˄ˍˇ˔ʷˌΦ ɾʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ 

˃ʹ˄ ˁʰˍʰˁˊʰˍˇˏ˄ˍʰʽ ˉˇˋˈˍʹˍʶˌ ˄ʶˊˇˏ ˋʶ ʰˎˍʱ ˁʰʽ ˍˇ ˄ʶˊˈ ˄ʰ ˇʵʶˏʶʽ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʽ ˃ʶ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰˉˇˊˊˇʺΦ  

 

 

ʋʱˊˍʹˌ 1 ɱʶ˖˂ˇʴʽˁˈˌ ˔ʱˊˍʹˌ ˍʹˌ ɳˏʲˇʽʰˌΣ ɳʻ˄ʽˁˈ ˁʰʽ ɼʰˉˇʵʽˋˍˊʽʰˁˈ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɮʻʹ˄˗˄  
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ʋʱˊˍʹˌ 2 ʆˇ ˎʵˊˇʴˊʰ˒ʽˁˈ ɻ ʾˁˍˎˇ ˍʹˌ ɰˈˊʶʽʰˌ ɳˏʲˇʽʰˌ ˋˍʽˌ ˁʰ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ, ̄ ʹʴʺΥ ɳʻ˄ʽˁˈ ˁʰʽ ɼʰˉˇʵʽˋˍˊʽʰˁˈ 

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɮʻʹ˄˗˄ 

 

ʋʱˊˍʹˌ 3 ʃʶˊʽˇ˔ʷˌ ˉˇˎ ʶʾ˄ʰʽ ˉʽˇ ˍˊ˖ˍʷˌ ˋʶ ˉ˂ʹ˃˃ˎˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˁʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʵʽʱʲˊ˖ˋʹˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˋ˒ˇʵˊʺˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɰˈˊʶʽʰˌ ɳˏʲˇʽʰˌ,  ̄ ʹʴʺΥ ɳʻ˄ʽˁˈ ˁʰʽ ɼʰˉˇʵʽˋˍˊʽʰˁˈ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɮʻʹ˄˗˄ 
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ɾʶ ʲʱˋʹ ˍʹ˄ ʷˊʶˎ˄ʰΣ ʹ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʰˉˈ ˍʹ˄ ˇ˃ʱʵʰ ˍʹˌ ˁʰʻʹʴʺˍˊʽʰˌ ɿʾˁʹˌ 

ɳˎʶ˂ˉʾʵˇˎ ˃ʶ ʶˉʽˍˈˉʽʶˌ ˃ʶˍˊʺˋʶʽˌ ˋˍʽˌ ˁʰ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɳ˂˂ʱʵʰˌΣ ˃ʷˋʰ ˋˍʽˌ ˇˉˇʾʶˌ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˁʰʽ ʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ɰˈˊʶʽʰˌ ɳˏʲˇʽʰˌΣ ˁʰˍʰʴˊʱ˒ʹˁʰ˄ ˈ˂ʰ ˍʰ 

ʴʶ˖˃ˇˊ˒ˇ˂ˇʴʽˁʱΣ ʶʵʰ˒ˇ˂ˇʴʽˁʱ ˁʰʽ ʴʶ˖˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˁʰʽ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Σ ʲ˂ʱˋˍʹˋʹˌ ˁʰʽ ˍˇ ʽˋˍˇˊʽˁˈ ʶˉʰ˄ʰ˂˂ʹ˕ʹ˃ˈˍʹˍʰˌ 

ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄, ɻ ʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ̌ ʽ ˔ʱˊˍʶˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ʵʽʱʲˊ˖ˋʹˌ ˁʰʽ ˉ˂ʹ˃˃ˏˊʰˌΦ  

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˃ʶ˂ʶˍʹʻʶʾ ˉʶˊʶˍʰʾˊ˖ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ʶʵʱ˒ˇˎˌ ˍ˖˄ ʵʰˋ˖˃ʷ˄˖˄ 

ˉʶˊʽˇ˔˗˄ ˋˍʽˌ ʷ˄ˍˇ˄ʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ˃ʶ˂ʶˍʹʻʶʾ ʶʽˌ ʲʱʻˇˌ ʷ˄ʰ ˍ˃ʺ˃ʰ 

ˍˇˎ ˎʵˊˇ˂ˇʴʽˁˇˏ ˁˏˁ˂ˇˎΣ ˍˇ ˇˉˇʾˇ ʰ˒ˇˊʱ ˍʹ˄ ˉˇˊʶʾʰ ˍˇˎ ˄ʶˊˇˏ ˁʰʽ ˍʹ˄ ˁʰˍʰˁˊʱˍʹˋʹ ˍˇˎ 

ˍˈˋˇ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˈˋˇ ˁʰʽ ʰˉˈ ˍʽˌ ˁʰˍ˗ˍʶˊʶˌ ˋˍˊ˗ˋʶʽˌ ˍˇˎΦ ʁʽ ʶʽˋˊˇʷˌ 

ˋˍˇ ʷʵʰ˒ˇˌ ʴʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍˇ ʲˊˈ˔ʽ˄ˇ ˄ʶˊˈ ˁʰʽ ʰˉˈ ˍˇ ˂ʽ˗ˋʽ˃ˇ ˍ˖˄ ˉʱʴ˖˄Σ ˍʰ мр-22 mm ˍ˖˄ 

ˇˉˇʾ˖˄ ʰˉˇˊˊʷʶʽ ʰˉˈ ˍʰ ˉ˂ʰˍˏ˒ˎ˂˂ʰ ʵʷ˄ˍˊʰ ό ˁʰˋˍʰ˄ʽʱΣ ˇ˅ʽʱΣ ˉ˂ʰˍʱ˄ʽΣ ˂ʶˏˁʹΣ ʶ˂ʽʱΣ ˁΦ˂ΦˉΦύ 

ˁʰʽ ˍ h20 ς 35 mm ʰˉˈ ˍʰ ˁ˖˄ˇ˒ˈˊʰ ʵʷ˄ˍˊʰ ό ˉʶˏˁˇΣ ˁˎˉʰˊʾˋˋʽΣ ʷ˂ʰˍˇΣ ˁΦ˂ΦˉΦύΣ ʶ˄˗ ˍʰ 

ˎˉˈ˂ˇʽˉʰ ˁʰˍʰ˂ʺʴˇˎ˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʹ ˒ˎ˂˂ʱʵʰ ˁʰʽ ˍˇ 

˔ˇˏ˃ˇˎˌ. ɮˉˈ ˍʹ˄ ˎʵʰˍˇˋˎʴˁˊʱˍʹˋʹ ˍ˖˄ ʵʷ˄ˍˊ˖˄ ʷ˄ʰ ˃ʷˊˇˌ ˍˇˎ ˄ʶˊˇˏ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ˃ʶ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʶ˅ʰˍ˃ʽˋˇʵʽʰˉ˄ˇʺˌ ˁʰʽ ˍˇ ʶ˄ʰˉˇ˃ʶʾ˄ˇ˄ ˁʰˍʰ˂ʺʴʶʽ ˃ʷˋ˖ 

ˍʹˌ ˁˇˊ˃ˇʰˉˇˊˊˇʺˌΣ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ʰˉˇʻʹˁʶˎ˃ʷ˄ˇ ˋˍʹ ˒ˎ˂˂ʱʵʰ ˁʰʽ ˍˇ 

˔ˇˏ˃ˇˎˌ ˃ʰʸʾ ˃ʶ ˍˇ ˃ʷˊˇˌ ˍˇˎ ʲˊˈ˔ʽ˄ˇˎ ˄ʶˊˇˏ ˁʰʽ ˍˇˎˌ ˄ʶˊˇˏ ˍ˖˄ ˉʱʴ˖˄.  ʆˇ 

ʰˉˇʻʹˁʶˎ˃ʷ˄ˇ ˄ʶˊˈ ˋˍʹ˄ ˒ˎ˂˂ʱʵʰ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʶʾ˄ʰʽ р-20 mm ʰˉˇˊˊˇʺˌΣ ʶˁ ˍˇˎ ˇˉˇʾˇˎ 

ʷ˄ʰ ˃ʷˊˇˌ ʰˉˇˊˊʷʶʽ ˃ʶ ˍʹ˄ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰˉˇˊˊˇʺ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ˄ ˁˇʾˍʹΣ ʷ˄ʰ ʱ˂˂ˇ 

˃ʷˊˇˌ ˍˇˎ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʽˌ ʲʰʻˏˍʶˊʶˌ ˋˍˊ˗ˋʶʽˌ ʶʵʱ˒ˇˎˌΣ ˉʱ˄˖ ʰˉˈ ˍˇ˄ ˎˉˈʴʶʽˇ 

ˎʵˊˇ˒ˈˊˇ ˇˊʾʸˇ˄ˍʰ ˁʰʽ ˍˇ ˎˉˇ˂ʶʽˉˈ˃ʶ˄ˇ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʹ ʲ˂ʱˋˍʹˋʹ. ɮˉˈ ˍʽˌ ˋˍˊ˗ˋʶʽˌ 

ʰˎˍʷˌ ˍˇ ˄ʶˊˈ ʶʾˍʶ ʵʽʶʽˋʵˏʶʽ ˋˍˇ˄ ˎˉˈʴʶʽˇ ˎʵˊˇ˒ˈˊˇ ˇˊʾʸˇ˄ˍʰΣ ʶʾˍʶ ˃ʶ ˍʹ˄ ˎˉʶʵʱ˒ʽʰ 

ʰˉˇˊˊˇʺ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʹ˄ ˍʶ˂ʽˁʺ ˁˇʾˍʹΦ ʆˇ ˄ʶˊˈ ˉˇˎ ˋˎˋˋ˖ˊʶˏʶˍʰʽ ˋˍˇ˄ ˎˉˈʴʶʽˇ 

ˎʵˊˇ˒ˈˊˇ ˇˊʾʸˇ˄ˍʰ ˁʰˍʱ ʷ˄ʰ ˍ˃ʺ˃ʰ ˍˇˎ ʶˁˊʷʶʽΣ ʱ˂˂ˇ ˃ʷˊˇˌ ˍˇˎ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʹ ˁˇʾˍʹΦ 

ɼʱˉˇʽˇ ˍ˃ʺ˃ʰ ˍˇˎ ʰˁˇ˂ˇˎʻʶʾ ˍʹ˄ ʰ˄ˍʾˋˍˊˇ˒ʹ ˉˇˊʶʾʰ ˁʰʽ ˇʵʹʴʶʾˍʰʽ ˋˍʽˌ ʰ˄˗ˍʶˊʶˌ ˋˍˊ˗ˋʶʽˌ 

ʶʵʱ˒ˇˎˌ ˁʰʽ ˍʷ˂ˇˌ ʷ˄ʰ ʱ˂˂ˇ ˍ˃ʺ˃ʰ ˍˇˎ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʰ ˒ˎˍʱΣ ˍʰ ˇˉˇʾʰ ˍˇ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˋˍʹ˄ ʶ˅ʰˍ˃ʽˋˇʵʽʰˉ˄ˇʺ ˍˇˎˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 

оΣ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ˉʰˊʰˍʹˊˇˏ˃ʶ ˈˍʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˃ʷˊˇˌ ˍˇˎ ˄ʶˊˇˏ ˋˍʽˌ ʵʰˋʽˁʷˌ ʶˁˍʱˋʶʽˌ 

ˁʰˍʰ˂ʺʴʶʽ ˋˍʽˌ ˁˇʾˍʶˌ. 
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ɳʽˁˈ˄ʰ 1 ʇʵˊˇ˂ˇʴʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˃ʶˍʰˍˊˇˉʺˌ ˍʹˌ ʲˊˇ˔ʺˌ ˋʶ ʰˉˇˊˊˇʺ ˋˍˇ ˋˍˈ˃ʽˇ ˃ʽʰˌ ʵʰˋ˖˃ʷ˄ʹˌ ˂ʶˁʱ˄ʹˌ ʰˉˇˊˊˇʺˌ, 
ˉʹʴʺΥ  ɳʻ˄ʽˁˈ ɺʵˊˎ˃ʰ ɮʴˊˇˍʽˁʺˌ ɴˊʶˎ˄ʰˌΣ ɹ˄ˋˍʽˍˇˏˍˇ ɲʰˋʽˁ˗˄ ʁʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ʆʶ˔˄ˇ˂ˇʴʾʰˌ ɲʰˋʽˁ˗˄ ʃˊˇʿˈ˄ˍ˖˄Σ ɱΦ 
ɾˉʰ˂ˇˏˍˋˇˌΣ ɮΦ ʁʽˁˇ˄ˈ˃ˇˎΣ ɼΦ ɼʰˇˏˁʹˌΣ ζɼʾ˄ʵˎ˄ˇˌ ʃ˂ʹ˃˃ˏˊʰˌ ˋʶ ˂ʶˁʱ˄ʶˌ ʰˉˇˊˊˇʺˌ ˃ʶˍʱ ʰˉˈ ˉˎˊˁʰʴʽʱΦ ɮ˄ʱ˂ˎˋʹ ˍˇˎ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˁʰʽ ʱ˃ʶˋʰ ˃ʷˍˊʰ ˃ʶʾ˖ˋʹˌ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄η 
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2. ɳʽˋʰʴ˖ʴʺ ˋˍʽˌ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹ (NATURE BASED 

SOLUTIONS~NBS) 

 

ʆʰ NBS ̀ ˎˋˍʺ˃ʰˍʰ ʶʾ˄ʰʽ ʵˊʱˋʶʽˌ ˉˇˎ ʶ˃ˉ˄ʷˇ˄ˍʰʽ ˁʰʽ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ ˒ˏˋʹ ˁʰʽ ʶʾ˄ʰʽ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˁˈˋˍˇˌ ˍˇˎˌ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ˉʰˊʷ˔ˇˎ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱΣ 

ˁˇʽ˄˖˄ʽˁʱ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁʱ ˇ˒ʷ˂ʹ ˔ˍʾʸˇ˄ˍʰˌ ˍʹ˄ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ όresilienceύΣ ˁʱˍʽ ˍˇ ˇˉˇʾˇ 

ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ʴʽʰ ˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺΦ ʁˎˋʽʰˋˍʽˁʱ ʶʾ˄ʰʽ ʵˊʱˋʶʽˌ ʶ˃ˉ˄ʶˎˋ˃ʷ˄ʶˌ ʰˉˈ 

ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˒ˏˋʹˌΣ ˇʽ ˇˉˇʾʶˌ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʰˊ˃ˇ˄ʽˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˃ʷˋ˖ ˍˇˉʽˁʱ 

ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄˖˄Σ ʰˉˇʵˇˍʽˁ˗˄ ˉˈˊ˖˄ ˁʰʽ ˋˎˋˍʹ˃ʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Φ ʁʽ ˉˊʰˁˍʽˁʷˌ ˍˇˎˌ 

ʲˇʹʻˇˏ˄ ˋˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΣ ˋˍʹ˄ ʰˉˇˊˊˈ˒ʹˋʹ ˍˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΣ 

ˋˎ˄ʶʽˋ˒ʷˊˇˎ˄ ˋˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʽˋˇˊˊˇˉʾʰΣ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ˇˊʻʺ ʵʽʰ˔ʶʾˊʽˋʹ ˒ˎˋʽˁ˗˄ ˉˈˊ˖˄Σ 

ˉˊˇˋ˒ʷˊˇˎ˄ ˒ˎˋʽˁʺ ʰˉˇˁʰˍʱˋˍʰˋʹ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ʶʴˁʰʻʽˋˍˇˏ˄ ˉˊʱˋʽ˄ʹ ʰ˄ʰʲʱʻ˃ʽˋʹ ˋˍʰ 

ʰˋˍʽˁʱ ˍˇˉʾʰΦ 

ʆʰ NBS ̀ ˎˋˍʺ˃ʰˍʰ ʷ˔ˇˎ˄ ˇˁˍ˗ ʰˊ˔ʷˌΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

1. ʃˊˇːˉˇʻʷˍˇˎ˄ ˍˇ˄ ʶ˄ʰʴˁʰ˂ʽˋ˃ˈ ˍ˖˄ ˁʰ˄ˈ˄˖˄ ˍʹˌ ˒ˏˋʹˌ ˋʶ ˍʶ˔˄ʽˁʱ ʷˊʴʰΦ 

2. ɾˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˃ˈ˄ʶˌ ʺ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʱ˂˂ʶˌ ˂ˏˋʶʽˌ ˋʶ ˁˇʽ˄˖˄ʽˁʷˌ 

ˉˊˇˁ˂ʺˋʶʽˌ όˉΦ˔Φ ˍʶ˔˄ˇ˂ˇʴʽˁʷˌ ˁʰʽ ˃ʹ˔ʰ˄ʽˁʷˌ ˂ˏˋʶʽˌύΦ 

3. ɼʰʻˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˍˇˉʽˁʺΣ ˒ˎˋʽˁʺ ˁʰʽ ˉˇ˂ʽˍʽˋˍʽˁʺ ʽʵʽˇ˃ˇˊ˒ʾʰ ˁʰʽ ˉˊˇʷˊ˔ˇ˄ˍʰʽ 

˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˉˈ ˍʹ˄ ˃ʾ˅ʹ ˉʰˊʰʵˇˋʽʰˁ˗˄Σ ˍˇˉʽˁ˗˄ ˁʰʽ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ʴ˄˗ˋʶ˖˄Φ 

4. ʃʰˊʱʴˇˎ˄ ˁˇʽ˄˖˄ʽˁʱ ˇ˒ʷ˂ʹ ˃ʶ ʵʾˁʰʽˇ ˍˊˈˉˇΣ ˉˇˎ ʶʵˊʰʽ˗˄ˇˎ˄ ˍʹ ʵʽʰ˒ʱ˄ʶʽʰ ˁʰʽ ˍʹ˄ 

ʶˎˊʶʾʰ ˋˎ˃˃ʶˍˇ˔ʺΦ 

5. ɲʽʰˍʹˊˇˏ˄ ˍʹ ʲʽˇ˂ˇʴʽˁʺ ˁʰʽ ˉˇ˂ʽˍʽˋˍʽˁʺ ˉˇʽˁʽ˂ˇ˃ˇˊ˒ʾʰ ˁʰʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˍ˖˄ 

ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˄ʰ ʶ˅ʶ˂ʾˋˋˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ 

6. ɳ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˁ˂ʾ˃ʰˁʰ ˍˇˉʾˇˎΦ 

7. ɮ˄ʰʴ˄˖ˊʾʸˇˎ˄ ˍˇ ʰ˄ˍʽˋˍʱʻ˃ʽˋ˃ʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ʱ˃ʶˋ˖˄ ˇʽˁˇ˄ˇ˃ʽˁ˗˄ ˇ˒ʶ˂˗˄ ˁʰʽ  

ʰˎˍ˗˄ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ˋʶ ʲʱʻˇˌ ˔ˊˈ˄ˇˎ ʰˉˈ ˍʹ˄ ˉ˂ʺˊʹ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ 

ˇʽˁˇˋˎˋˍʹ˃ʽˁ˗˄ ˎˉʹˊʶˋʽ˗˄ ˁʰʽ ˍʷ˂ˇˌ 

8. ɮˉˇˍʶ˂ˇˏ˄ ʰˁʷˊʰʽʰ ˍ˃ʺ˃ʰˍʰ ˉˇ˂ʽˍʽˁ˗˄ ˋ˔ʶʵʽʰˋ˃˗˄Σ ˃ʷˍˊ˖˄ ʺ ʵˊʱˋʶ˖˄ ʴʽʰ ˍʹ˄ 

ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˉˊˇˁ˂ʺˋʶ˖˄Φ 
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ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ɲʽʶʻ˄ʺ ɴ˄˖ˋʹ ɲʽʰˍʺˊʹˋʹˌ ˍʹˌ ʊˏˋʹˌ όIUCNύ ˍʰ ˋˎˋˍʺ˃ʰˍʰ NBS ʶʾ˄ʰʽ 

ζʵˊʱˋʶʽˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰΣ ˍʹ ʲʽ˗ˋʽ˃ʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˒ˎˋʽˁ˗˄ ʺ 

ˍˊˇˉˇˉˇʽʹ˃ʷ˄˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ηΦ  ɶ ˊʰ˔ˇˁˇˁʰ˂ʽʱ ˍ˖˄ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ  

ʶʾ˄ʰʽ ʹ ʲʽ˗ˋʽ˃ʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʹ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍʹˌ ˇʽˁˇ˂ˇʴʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌΣ ˃ʷˋʰ ʰˉˈ ˍʹ˄ 

ʱ˃ʶˋʹ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˁʰʽ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁ˗˄ ˉˊˇˁ˂ʺˋʶ˖˄Φ  ɾʶ ʲʱˋʹ 

ˍʽˌ ˉˊˇˁ˂ʺˋʶʽˌ ʰˎˍʷˌ ʹ IUCN ˁ ʰˍʰ˄ʷ˃ʹˋʶ ˍʽˌ ˂ˏˋʶʽˌ ʰˎˍʷˌ ˋʶ ˉʷ˄ˍʶ ˁʰˍʹʴˇˊʾʶˌΥ 

1. ʃˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ό9ŎƻǎȅǎǘŜƳ 

ǊŜǎǘƻǊŀǘƛƻƴ ŀǇǇǊƻŀŎƘŜǎύΣ ˃ʶ ʶ˄ʷˊʴʶʽʶˌ ˇʽ ˇˉˇʾʶˌ ʲʶ˂ˍʽ˗˄ˇˎ˄ ˇˉˇʽˇʵʺˉˇˍʶ 

ˎˉˇʲʰʻ˃ʽˋ˃ʷ˄ˇ ˇʽˁˇˋˏˋˍʹ˃ʰΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ʴʶ˖ˊʴʽˁ˗˄ ˉʶˊʽˇ˔˗˄Σ 

ˍʹˌ ˋʰʲʱ˄ʰˌΣ ˍ˖˄ ˎʴˊˇˍˈˉ˖˄Σ ˍ˖˄ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄˖˄ ʰˉˇʻʶ˃ʱˍ˖˄ ʱʴˊʽʰˌ ʸ˖ʺˌΣ ˍʹˌ 

ʰ˂ʽʶʾʰˌΣ ˍ˖˄ ʵʽʰ˔ʶʽˊʽʸˈ˃ʶ˄˖˄ ˒ˎˍʶʽ˗˄Σ ˍ˖˄ ˉˇˍʰ˃˗˄Σ ˍ˖˄ ˉʰˊʱˁˍʽ˖˄ ˉʶˊʽˇ˔˗˄ ˁʰʽ 

ˉˇ˂˂˗˄ ʱ˂˂˖˄Φ ʆʰ ʶ˃˒ʰ˄ʺ ˇ˒ʷ˂ʹ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˄ˍˇˉʽˋʻˇˏ˄ ˋˍˇˎˌ 

ˋˍˈ˔ˇˎˌ ʲʽ˗ˋʽ˃ʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ό SDGsύΣ ˈˉ˖ˌ ˂ˏˋʶʽˌ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ ˒ˏˋʹ ʴʽʰ ˍˇ˄ 

˃ʶˍˊʽʰˋ˃ˈ ˁʰʽ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˋˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺΣ ˍʹ˄ ʰˋ˒ʱ˂ʶʽʰ ˍˇˎ ˄ʶˊˇˏ ˁʰʽ 

ˍ˖˄ ˍˊˇ˒ʾ˃˖˄Σ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˒ˍ˗˔ʶʽʰˌΣ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ˍʹ ʵʽʰˍʺˊʹˋʹ 

ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ 

2. ʃˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ˍʹ˄ ʴʶ˖ˊʴʾʰ ˁʰʽ ˍʹ˄ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˍˇˎ ʶʵʱ˒ˇˎˌ όAgricultural and 

soil biodiversityύΦ ʁ ˋˍˈ˔ˇˌ ʰˎˍʺˌ ˍʹˌ ˉˊˇʴˊʰ˃˃ʰˍʽˁʺˌ ʵʷˋ˃ʶˎˋʹˌ ʶʾ˄ʰʽ ˄ʰ 

ˉˊˇ˖ʻʺˋʶʽ ˍˇ ʵʽʱ˂ˇʴˇ ˃ʶˍʰ˅ˏ ˍ˖˄ ˍˇ˃ʷ˖˄ ˍʹˌ ʴʶ˖ˊʴʾʰˌ ˁʰʽ ˍʹˌ ʵʽʰˍʺˊʹˋʹˌ ˁʰʽ ˄ʰ 

ʶ˄ʻʰˊˊˏ˄ʶʽ ˍʽˌ ˁˎʲʶˊ˄ʺˋʶʽˌΣ ˍʽˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌ ˁʰʽ ˍˇˎˌ ʵʽʰ˔ʶʽˊʽˋˍʷˌ ʴʹˌ 

όˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ʰʴˊˇˍʽˁ˗˄ ˁˇʽ˄ˇˍʺˍ˖˄ύ ˄ʰ ʶ˒ʰˊ˃ˈˋˇˎ˄ ʷ˄ʰ ˁˇʽ˄ˈ 

ˈˊʰ˃ʰ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˁʰʽ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍʹˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ ˋˍʰ 

ʰʴˊˇˁˍʺ˃ʰˍʰ ˁʰʽ ˋˍʰ ʰʴˊˇˍʽˁʱ ˍˇˉʾʰΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ 

ʰˉˈ ˍʰ ˇˉˇʾʰ ʹ ʴʶ˖ˊʴʾʰ ʶ˅ʰˊˍʱˍʰʽΦ 

3. ʃˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍˇˎ ˁʽ˄ʵˏ˄ˇˎ ˍ˖˄ ˁʰˍʰˋˍˊˇ˒˗˄ όDisaster 

risk reductionύΦ ʁʽ ˋˎ˄ʶ˔ʶʾˌ ˁʰʽ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ ˁʰʽ 

ˍ˖˄ ˁʰˍʰˋˍˊˇ˒˗˄ ˋˍʽˌ ˁˇʽ˄ˈˍʹˍʶˌ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ʶ˅ʶˍʰˋˍˇˏ˄ ˃ʶ˃ˇ˄˖˃ʷ˄ʰΣ ʰ˂˂ʱ ˄ʰ 

ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍˇˏ˄ ˃ʷˋ˖ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄˖˄ ˉˊˇˋʶʴʴʾˋʶ˖˄ ˁ˂ʾ˃ʰˁʰˌ ˍˇˉʾˇˎ ˁʰʽ ˄ʰ 

ʶ˄ˋ˖˃ʰˍ˖ʻˇˏ˄ ˋʶ ʶˎˊˏˍʶˊʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ ʵʽʰˍʺˊʹˋʹˌΦ ɶ ˃ʶʾ˖ˋʹ 

ˍˇˎ ˁʽ˄ʵˏ˄ˇˎ ˁʰˍʰˋˍˊˇ˒˗˄ ˃ʶ ʲʱˋʹ ˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ό9Ŏƻ-5wwύ ˁʰʽ ʹ ˉˊˇˋʰˊ˃ˇʴʺ 

ʲʱˋʶʽ ˇʽˁˇˋˎˋˍʺ˃ʰˍˇˌ ό9ō!ύ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 
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ʻʶ˖ˊʹʻˇˏ˄ ˖ˌ ˋˎ˄ʶ˔ʶʾˌΣ ʰˉˈ ˍˇ˄ ˃ʶˍˊʽʰˋ˃ˈ ˁʰˍʰˋˍˊˇ˒˗˄ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ˈˉ˖ˌ 

ˍˋˇˎ˄ʱ˃ʽ ˁʰʽ ˁʰˍˇ˂ʽˋʻʺˋʶʽˌΣ ʷ˖ˌ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁ˂ʽ˃ʰˍʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ 

4. ʃˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ όNature based solutions for 

climateύΣ ˃ʶ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ 

ˍʹ˄ ʰˉˇ˕ʾ˂˖ˋʹ ˍ˖˄ ʵʰˋ˗˄ ˁʰʽ ˍʹ ˔ˊʺˋʹ ʴʹˌΣ ˍʹ ˋˎ˂˂ˇʴʺ ˁʰʽ ʰˉˇʻʺˁʶˎˋʹ 

ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʰˉˈ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ 

ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ˁˇʽ˄˖˄ʾʰˌ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍʶʾ ˋʶ 

ˁ˂ʽ˃ʰˍʽˁˇˏˌ ˁʽ˄ʵˏ˄ˇˎˌ ˈˉ˖ˌ ʶʾ˄ʰʽ  ˇʽ ˉ˂ʹ˃˃ˏˊʶˌΣ ʹ ʱ˄ˇʵˇˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍʹˌ 

ʻʱ˂ʰˋˋʰˌΣ ˉʽˇ ˋˎ˔˄ʷˌ ˁʰʽ ʷ˄ˍˇ˄ʶˌ ˅ʹˊʰˋʾʶˌ Σ ˁʰˏˋ˖˄ʶˌ ˁʰʽ ˉˎˊˁʰʴʽʷˌΦ 

5. ʃˊˇˋʶʴʴʾˋʶʽˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍˇ˄ ʰˋˍʽˁˈ ʽˋˍˈ όNature-ɰased solutions for citiesύΣ ˇʽ 

ˇˉˇʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʲʶ˂ˍʽ˗ˋˇˎ˄ ˇʽˁˇ˄ˇ˃ʽˁʱ ˁʰʽ ˁˇ˃˕ʱ ˍʹ ʲʽ˖ˋʽ˃ˈˍʹˍʰΣ ˍʹ˄ 

ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˁʰʽ ˍʹ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˍ˖˄ ˉˈ˂ʶ˖˄Φ ʆʰ ʵʷ˄ˍˊʰ ˁʰʻʰˊʾʸˇˎ˄ ˍˇˎˌ ˊˏˉˇˎˌΣ 

˃ʶʽ˗˄ˇˎ˄ ˍˇ˄ ʻˈˊˎʲˇ ˁʰʽ ʵˊˇˋʾʸˇˎ˄ ˍˇ˄ ʰʷˊʰΦ ˇʽ ˎʴˊˈˍˇˉˇʽ ˁʰʽ ˇʽ ʲˊˇ˔ˈˁʹˉˇʽ 

˃ʶʽ˗˄ˇˎ˄ ˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˉ˂ʹ˃˃ˏˊʰˌΦ ʆʰ ˒ˏˁʽʰ ˁʰʽ ˍʰ ʷ˂ʹ ˊˎʻ˃ʾʸˇˎ˄ ˍʽˌ ˁʰˍʰʽʴʾʵʶˌΣ ʁʽ 

˔˗ˊˇʽ ˉˊʰˋʾ˄ˇˎ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˍʹ˄ ʱˋˁʹˋʹΣ ˍʹ˄ ˉ˄ʶˎ˃ʰˍʽˁʺ ˍˊˇ˒ʺ ˁʰʽ ˍʹ˄ 

ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˃ʶ ˍʹ˄ ˁˇʽ˄ˈˍʹˍʰΦ ˁʰʽ ˇʽ ˉˊʱˋʽ˄ˇʽ ʵˊˈ˃ˇʽ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍʰ ʶ˄ʶˊʴʱ 

ˍʰ˅ʾʵʽʰΦ 

ʃʷˊʰ ˍˇˎ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˋʶ ˁʰˍʹʴˇˊʾʶˌ ˉˇˎ ˉˊˇ˗ʻʹˋʶ ʹ L¦/bΣ ˋʶ ʶˎˊ˖ˉʰʿˁˈ ʶˉʾˉʶʵˇΣ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ 9ƎƎŜǊƳƻƴǘΣ Ŝǘ ŀƭΦ όнлмрΣ ˋʶ˂Φ нппύΣ ˇʽ ˂ˏˋʶʽˌ ʰˎˍʷˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ˍˊʶʽˌ 

ˍˏˉˇˎˌΣ  ʲʱˋʹ ˍˇˎ ʲʰʻ˃ˇˏ ˉʰˊʷ˃ʲʰˋʹˌ ˍˇˎˌ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Υ 

1. ʆˏˉˇˌ мΥ ɳ˂ʱ˔ʽˋˍʹ ˉʰˊʷ˃ʲʰˋʹ ˋˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ˇʽ 

ˉʰˊʶ˃ʲʱˋʶʽˌ ˉˇˎ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊʺˌ ʷ˄ˍʰˋʹˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 

ʵʽʰˍʹˊʶʾˍʰʽ ˁʰʽ ˄ʰ ʲʶ˂ˍʽ˗˄ʶˍʰʽ ʹ ʺʵʹ ˎˉʱˊ˔ˇˎˋʰ ˉˊˇˋˍʰˋʾʰΦ ʋʰˊʰˁˍʹˊʽˋˍʽˁʷˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˉʰˊʱˁˍʽ˖˄ ˉʶˊʽˇ˔˗˄ ˉˇˎ ˁʽ˄ʵˎ˄ʶˏˇˎ˄ ʰˉˈ 

ʰˁˊʰʾʶˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ˁʰʻ˗ˌ ˁʰʽ ˉˊˇˋˍʰˍʶˎˈ˃ʶ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ˉʶˊʽˇ˔ʷˌ 

˃ʶˍʱʲʰˋʹˌ ˈˉˇˎ ʷ˄ʰ ˁˇʽ˄˖˄ʽˁˈ ˋˏ˄ˇ˂ˇ ˁʰˍˇʽˁʶʾ ˁʰʽ ʶˊʴʱʸʶˍʰʽ ˃ʶ ʲʽ˗ˋʽ˃ˇ ˍˊˈˉˇΦ 

2. ʆˏˉˇˌ нΥ ɾʶˊʽˁʺ ˉʰˊʷ˃ʲʰˋʹ ˋˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰΦ ʁ ʶ˄ ˂ˈʴ˖ ˍˏˉˇˌ ˋˎ˄ʵʷʶˍʰʽ ʱ˃ʶˋʰ 

˃ʶ ˍʹ ʴʶ˖ˊʴʾʰ ˁʰʽ ˍʽˌ ʵʰˋʽˁʷˌ ʶˁˍʱˋʶʽˌΦ ʅˍˈ˔ˇˌ ˍˇˎ ʰˉˇˍʶ˂ʶʾ ʹ ʰˏ˅ʹˋʹ ˍʹˌ 

˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˍ˖˄ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ ʴʶ˖ˊʴʽˁ˗˄ ʶˁˍʱˋʶ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ 

ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ˍ˖˄ ʵʰˋ˗˄ ˋʶ ʰˁˊʰʾʰ ˒ʰʽ˄ˈ˃ʶ˄ʰΦ 
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3. ʆˏˉˇˌ оΥ ɳˁˍʶˍʰ˃ʷ˄ʹ ˉʰˊʷ˃ʲʰˋʹ ˋˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰΦ ʁ ˍˏˉˇˌ ʰˎˍˈˌ ˉˊˇʲ˂ʷˉʶʽ ˋˍʹ˄ 

ʶˁˍʶ˄ʷˋˍʶˊʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷ˖˄ 

ˍʶ˔˄ʹˍ˗˄ ʴʽʰ ˍˇ ˃ʶˍˊʽʰˋ˃ˈ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ˍʰ ˏʵʰˍʰΦ ɴ˄ʰ 

ʰˉˈ ˍʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈˍʶˊʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˉˇˎ ʰ˄ʰ˒ʷˊʶʽ ˁʰʽ ˇ 9ƎƎŜǊƳƻƴǘΣ Ŝǘ ŀƭΦΣ 

ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ζˉˊʱˋʽ˄ʶˌ ˎˉˇʵˇ˃ʷˌΣ ˇʽ ˇˉˇʾʶˌ ˂ʶʽˍˇˎˊʴˇˏ˄ ʴʽʰ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ 

ˍ˖˄ ˎˉˇʲʰʻ˃ʽˋ˃ʷ˄˖˄ ˉʶˊʽˇ˔˗˄ηΣ ˈˉ˖ˌ ʹ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍ˖˄ ˃ˇ˂ˏ˄ˋʶ˖˄ ʰˉˈ ˈ˃ʲˊʽʰ 

ˏʵʰˍʰΦ 

ʅˍˇˎˌ ʵˏˇ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˍˊʶʽˌ ˍˏˉˇʽ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˋˍʹ ˒ˏˋʹ ˍ˖˄ NBS ˃ʶ 

˔ˊ˖˃ʰˍʽˁʺ ʵʽʱˁˊʽˋʹ όˉʾ˄ʰˁʰˌ мύ ˁʰʽ ˃ʽʰ ʶˉʽˋˁˈˉʹˋʹ ʴʽʰ ˍʹ˄ ˃ʶʾ˖ˋʹ ˍˇˎ ˁʽ˄ʵˏ˄ˇˎ ˍʹˌ 

ˉ˂ʹ˃˃ˏˊʰˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽˍˏ˔ˇˎ˄  ˋˍˇ ˉ˂ʰʾˋʽˇ ˍ˖˄ ˉʰˊʰˉˇˍʱ˃ʽ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ 

ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ˄ ʲʰʻ˃ˈ ˉʰˊʷ˃ʲʰˋʹˌ ˉˇˎ ʰˉʰʽˍˇˏ˄ ʴʽʰ ˄ʰ ˎ˂ˇˉˇʽʹʻˇˏ˄ όˉʾ˄ʰˁʰˌ нύΦ 

 

 

ʃʾ˄ʰˁʰˌ 1 ʁ ̔ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄  ˉʰˊʶ˃ʲʱˋʶ˖˄ ˍ˖˄ NBS, ˉʹʴʺ: ADDRESSING RIVERINE FLOODING WITH NATURE-BASED 

SOLUTIONS IN THE THESSALY REGION, GREECE 
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ʃʾ˄ʰˁʰˌ 2 ʆ  h̄ ʽˇ ɹ ˄˖ˋˍʱ NBS ɹ ʽʰ ̱  ́˃ ʶʾ˖ˋʹ ʁ ˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ̄ ˂ʹ˃˃ˏˊʰˌ, ̄ ʹʴʺ: ADDRESSING RIVERINE FLOODING WITH 

NATURE-BASED SOLUTIONS IN THE THESSALY REGION, GREECE 

 

ʁʽ ˉˊˇˋʶʴʴʾˋʶʽˌ ˍ˖˄ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˉˇˊʰʵʽˁʱ ˋʶ 

ʵʽʱ˒ˇˊʶˌ ˔ˊˇ˄ʽˁʷˌ ˉʶˊʽˈʵˇˎˌΦ ʃˊˈˋ˒ʰˍʰ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˃ʽʰ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ʰˏ˅ʹˋʹ ˋˍʹ 

ˋˎ˃ˉʶˊʾ˂ʹ˕ʹ ˍˇˎˌ ˋˍʽˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʶˌΣ ʹ ˇˉˇʾʰ ˉˊˇˁˏˉˍʶʽ ˋʶ ˃ʶʴʰ˂ˏˍʶˊˇ 

ʲʰʻ˃ˈ ʰˉˈ ˍʹ˄ ˉˊʰˁˍʽˁʺ ˍˇˎˌΣ ˉʰˊʱ ʰˉˈ ˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˍˇˎˌ ʷˊʶˎ˄ʰΦ 
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2.1. ʃˇʽʰ ʶʾ˄ʰʽ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ 

˒ˏˋʹ 

 

ʁʽ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹ όb.{ύ ʷ˔ˇˎ˄ ˉˇ˂˂ʱ ˉˊˇˍʶˊʺ˃ʰˍʰ ˉˇˎ ˍʽˌ ˁʰʻʽˋˍˇˏ˄ 

ʶ˂ˁˎˋˍʽˁʷˌ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˎʵʱˍʽ˄˖˄ ˉˈˊ˖˄ ˁʰʽ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ 

ʰ˂˂ʰʴ˗˄ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ʹ ʴʹ ʷˊ˔ʶˍʰʽ ʰ˄ˍʽ˃ʷˍ˖ˉʹ ˈ˂ˇ ˁʰʽ ˉʽˇ ʷ˄ˍˇ˄ʰ ˃ʶ ˍˇ ˉʷˊʰˋ˃ʰ ˍ˖˄ 

˔ˊˈ˄˖˄Φ ɾʶ ˍʹ˄ ˇʵʹʴʾʰ ˉ˂ʰʾˋʽˇ нлллκслκɳɼ ˇʽ ʶˉʽ˂ˇʴʷˌ ˍ˖˄ ˁˊʰˍ˗˄ ˃ʶ˂˗˄ ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ 

ɴ˄˖ˋʹˌ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ʇʵʱˍ˖˄ ˉʶˊʽˇˊʾʸˇ˄ˍʰʽ ˁʰʻ˗ˌ ˍʰ ʷˊʴʰ ˎˉˇʵˇ˃˗˄ ˃ʶʴʱ˂ʹˌ 

ˁ˂ʾ˃ʰˁʰˌ ʵʶ˄ ʶʾ˄ʰʽ ˉ˂ʷ˖˄ ʶˉʽ˂ˇʴʺΦ ʁ ˉʰˊʱʴˇ˄ˍʰˌ ʰˎˍˈˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʰ ʰˁˊʰʾʰ 

ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ʷ˔ˇˎ˄ ˉʰˊʰˍʹˊʹʻʶʾ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΣ ˖ʻˇˏ˄ ˍˇˎˌ ʶˊʶˎ˄ʹˍʷˌ 

ˋˍʹ˄ ˂ˏˋʹ ˍ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽ ˉ˂ʹ˃˃ˏˊʶˌ ˁʰʽ ˇʽ ˅ʹˊʰˋʾʶˌΣ ˁΦ˂ˉΦ ˃ʶ ˉʽˇ 

ˇʽˁˇ˂ˇʴʽˁˇˏˌ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁˇˏˌ ˍˊˈˉˇˎˌΣ ˇʽ ˇˉˇʾˇʽ ʰˉˇˍʶ˂ˇˏ˄ ˍʽˌ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ 

˒ˏˋʹΦ 

ɮˊ˔ʽˁʱΣ ˍʰ NBS ˉˊˇʱʴˇˎ˄ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ˁʰʻ˗ˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˄ ʺ ˄ʰ 

ʶ˄ʽˋ˔ˏˋˇˎ˄ ˒ˎˋʽˁʱ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰΣ ˁʰʽ ˄ʰ ʶˉʰ˄ʰ˒ʷˊˇˎ˄ ʺ ˁʰʽ ʰˁˈ˃ʹ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˄ 

ʶ˅ʰˊ˔ʺˌ ˄ʷˇˎˌ ʲʽˈˍˇˉˇˎˌΣ ˇʽ ˇˉˇʾˇʽ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ˁ˂ʽ˃ʰˍʽˁʱ ˁʰʽ 

ʴʶ˖ʴˊʰ˒ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎˌ ˄ʰ ˉˊˇˋˍʰˍʷ˕ˇˎ˄ ʺʵʹ ˍˇˎ ʸ˖ʽˁˇˏ ʲʰˋʽ˂ʶʾˇˎ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ 

ˎˉˈ ʶ˅ʰ˒ʱ˄ʽˋʹΣ ˄ʰ ʲˇʹʻʺˋˇˎ˄ ˍʰ ʺʵʹ ˎˉʱˊ˔ˇ˄ˍʰ ʺʵʹ ˄ʰ ʸʺˋˇˎ˄ ˋˍˇ ˒ˎˋʽˁˈ ˍˇˎˌ 

ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˄ʰ ʰˉˇ˃ʰˁˊˎ˄ʻˇˏ˄ ʰˉˈ ˍˇ˄ ʰˋˍʽˁˈ ʽˋˍˈΣ ˋˍˇ˄ ˇˉˇʾˇ ʰ˄ʰʸʹˍˇˏ˄ ˁʰˍʰ˒ˏʴʽˇ 

ˁʰʽ ˍˊˇ˒ʺ ˂ˈʴˇ ˍʹˌ ˃ʶʾ˖ˋʹˌ ˍ˖˄ ʵʰˋʽˁ˗˄ ʶˁˍʱˋʶ˖˄Φ ɳˉʽˉ˂ʷˇ˄Σ ˉˊˇˋ˒ʷˊˇˎ˄ ˉˊˇˋˍʰˋʾʰ 

ʰˉˈ ˍʽˌ ˉ˂ʹ˃˃ˏˊʶˌ ˁʰʽ ˍʽˌ ˅ʹˊʰˋʾʶˌ ˂ʶʽˍˇˎˊʴ˗˄ˍʰˌ ˖ˌ  ˒ˎˋʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʰˉˇˊˊˈ˒ʹˋʹˌ 

˄ʶˊˇˏΣ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˉ˂ʹ˃˃ˎˊ˗˄Σ ˉˊˇ˖ʻ˗˄ˍʰˌ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˒ˎˋʽˁ˗˄ ˂ʽ˃˄˗˄ 

ˁʰʽ ˒ˊʰʴ˃ʱˍ˖˄Σ ˍʰ ˇˉˇʾʰ ʲʶ˂ˍʽ˗˄ˇˎ˄ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄ ˁʰˍʱ ˍʽˌ 

ˉʶˊʽˈʵˇˎˌ ˅ʹˊʰˋʾʰˌΦ ʃˊˇˋ˒ʷˊˇˎ˄ ʶˎˁʰʽˊʾʶˌ ʴʽʰ ˍʹ ˋˎ˃˃ʶˍˇ˔ʺ ˍ˖˄ ˁˇʽ˄ˇˍʺˍ˖˄ ˋˍˇ˄ 

ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍˇˎˌΣ ˉˊˇʱʴˇ˄ˍʰˌ ˍʹ˄ ʰʶʽ˒ˇˊʾʰΣ ʵʹ˂ʰʵʺ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ 

˒ˎˋʽˁ˗˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˗ˋˍʶ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˉˇʽˈˍʹˍʰ ˁʰʽ ʽˋˇˊˊˇˉʾʰ 

ˍˇˎˌΦ ʅʶ ˉˇ˂˂ʷˌ ˉʶˊʽˇ˔ʷˌ ʵʾ˄ʶˍʰʽ ʹ ʶˎˁʰʽˊʾʰ ˋˍˇ ʶˎˊˏ ˁˇʽ˄ˈ ˄ʰ ˋˎ˃˃ʶˍʱˋ˔ʶʽ ˋˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ NBS ˎˉˈ ˍʹ˄ ˁʰʻˇʵʺʴʹˋʹ ˍ˖˄ ʶʽʵʽˁ˗˄Σ ˃ʶʴʱ˂ˇ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍʹ˄ ɳ˂˂ʱʵʰ 

ʰˉˇˍʶ˂ʶʾ ʹ ʶ˄ʷˊʴʶʽʰ ˍʹˌ WWF ɳɽɽɮʅ ˋˍˇ ˄ʹˋʾ ˍʹˌ ɿʱ˅ˇˎΣ ˍˇ ˇˉˇʾʰ ʰ˄ʰ˒ʷˊʶˍʰʽ ˉʽˇ 

ʰ˄ʰ˂ˎˍʽˁʱ ˋˍ ̌ʁ ˉˈ˃ʶ˄ ̌ˁ ʶ˒ʱ˂ʰʽ.̌ 
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ɳʽˁˈ˄ʰ 2 ʆʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ ˂ˏˋʶ˖˄ ʲʰˋʽˋ˃ʷ˄˖˄ ˋˍʹ ˒ˏˋʹ b.{Φ ˉʹʴʺΥ .ƭǳŜ DǊŜŜƴ {ƻƭǳǘƛƻƴǎΣ ¢ƘŜ DǳƛŘŜ 

 

ɾʶʴʱ˂ˇ ˉˊˇˍʷˊʹ˃ʰ ˍ˖˄ NBS ʰˉˇˍʶ˂ʶʾ ˁʰʽ ʹ ˇʽˁˇ˄ˇ˃ʽˁʺ ˍˇˎˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˁʰʻ˗ˌ ˋʰ˄ 

ʷˊʴʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰˉˈ ˍʰ ʷˊʴʰ ˎˉˇʵˇ˃˗˄ ˁˎˊʾ˖ˌ ʴʽʰˍʾ ˇʽ ˉˊ˗ˍʶˌ ˏ˂ʶˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ ˒ˎˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˁʰʽ ʵʶ˄ ʰˉʰʽˍˇˏ˄ 

ˍˈ˄ˇˎˌ ˍʶ˔˄ʹˍ˗˄ ˎ˂ʽˁ˗˄ ˈˉ˖ˌ ʶʾ˄ʰʽ ˍˇ ˋˁˎˊˈʵʶ˃ʰ ˁʰʽ ˇ ˔ʱ˂ˎʲʰˌΣ ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ ˍʽ˃ʷˌ 

ʰʴˇˊʱˌΣ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʻ˗ˌ ˁʰʽ ʶ˅ˈˊˎ˅ʹˌ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʶˌΦ ɳˉˇ˃ʷ˄˖ˌ ˉˊˇˋ˒ʷˊˇˎ˄ ˃ʽʰ ˉʽˇ 

ʲʽ˗ˋʽ˃ʹ ˔ˊʺˋʹ ˍ˖˄ ˉˈˊ˖˄Σ ˃ʶ ˋʶʲʰˋ˃ˈ ˉˊˇˌ ˍʹ ˒ˏˋʹΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʲˇʹʻʺˋˇˎ˄ ˋˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍʹˌ ʶˊʹ˃ˇˉˇʾʹˋʹˌ ˁʰʽ ˍʹˌ ʰˉ˗˂ʶʽʰˌ ʶʵʱ˒ˇˎˌΣ ˃ʶ ˍʹ˄ 

ʰ˄ʰʲʱʻ˃ʽˋʹ ˍ˖˄ ˎˉˈʴʶʽ˖˄ ˎʵˊˇ˒ˇˊʷ˖˄Σ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ ʷʵʰ˒ˇˌ ˉʽˇ ʴˈ˄ʽ˃ˇ ˁʰʽ 

ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˄ʷʶˌ ʵʰˋʽˁʷˌ ʶˁˍʱˋʶʽˌΦ ʁʽ ˉʰˊʱʴˇ˄ˍʶˌ ʰˎˍˇʾ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍʹˌ 

˒ˏˋʹˌ ˉˊˇˋ˒ʷˊˇˎ˄ ˍˈˋˇ ˋˍˇˎˌ ˁʰˍˇʾˁˇˎˌ ˍ˖˄ ʴˏˊ˖ ˉʶˊʽˇ˔˗˄Σ ˈˋˇ ˁʰʽ ˋˍˇˎˌ ˍˇˎˊʾˋˍʶˌ 

˔˗ˊˇˎˌ ʰ˄ʰ˕ˎ˔ʺˌΣ ʰ˄ʰʲʰʻ˃ʾʸˇ˄ˍʰˌ ˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˍʹ˄ ˉˇʽˈˍʹˍʰ ʸ˖ʺˌ ˁʰʽ ˍˇ˄ 

ˍˇˎˊʽˋ˃ˈ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʷ˂ˇˌΣ ʻʰ ˃ˉˇˊˇˏˋʶ ˁʱˉˇʽˇˌ ˄ʰ ˔ʰˊʰˁˍʹˊʾˋʶʽ ˍʰ NBS 

˖ˌ ˃ʽʰ ˃ˇˊ˒ʺ ʰ˄ˍʾˋˍʰˋʹˌ ˋˍʽˌ ˁ˂ʽ˃ʰˍʽˁʷˌ ʰ˂˂ʰʴʷˌΣ ˉʰˊˈ˂ˇ ˉˇˎ ˇ ˊˈ˂ˇˌ ˍˇˎˌ ʰ˄ˍʽˋˍˇʽ˔ʶʾ 

ˉʶˊʽˋˋˈˍʶˊˇ ˋˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˍʹˌ ʴʹˌ ˋˍʽˌ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʶˌ ˁ˂ʽ˃ʰˍʽˁʷˌ ʰ˂˂ʰʴʷˌ ˁʰʽ ˋˍʹ 

ʵʽˈˊʻ˖ˋʹ ˍ˖˄ ˂ʰ˄ʻʰˋ˃ʷ˄˖˄ ʰ˄ʻˊ˖ˉʾ˄˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˋˍˇ ˒ˎˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˈˉ˖ˌ 

ʶʾ˄ʰʽ ˍˇ ˃ˉʱʸ˖˃ʰ ˊʶ˃ʱˍ˖˄Σ ʹ ˋˍʷ˄˖ˋʹ ˉˇˍʰ˃˗˄Σ ʹ ʰˋˍʽˁˇˉˇʾʹˋʹ ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ˉʶʵʽʱʵ˖˄Σ 

ˁΦ˂ˉΦ 
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2.2. ʃˇʽɦ ́  ˔ˊʺˋʹ ˍ˖˄ System Dynamics (SD) ̀ ˍʽˌ ˂ˏˋʶʽˌ 

ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹ (NBS) 

 

ʃʰˊʱ ˍʹ˄ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ˉˊˇˋˇ˔ʺ ˋˍʽˌ ˂ˏˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʹ ˒ˏˋʹ όNBSύΣ ˔ˊʶʽʱʸʶˍʰʽ ˃ʽʰ 

ʽˋ˔ˎˊʺ ʰˉˈʵʶʽ˅ʹ ʴʽʰ ˍʰ ˉˇ˂˂ʰˉ˂ʱ ˇ˒ʷ˂ʹ ˍˇˎˌΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˉ˂ʰʾˋʽʰ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ʴʽʰ 

˄ʰ h̄ ˇʵʶʽ˔ʻʶʾ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍˇˎˌΦ ʆʰ ˎˉʱˊ˔ˇ˄ˍʰ ˉ˂ʰʾˋʽʰ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ʲˊʾˋˁˇ˄ˍʰʽ 

ʰˁˈ˃ʰ ˃ʰˁˊʽʱ ʰˉˈ ˍˇ ˄ʰ ˎˉˇˋˍʹˊʾ˅ˇˎ˄ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁʰʽ ˂ʺ˕ʹ 

ʰˉˇ˒ʱˋʶ˖˄ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˁʰʽ ˍʹ˄ ˔ˊʺˋʹ ˍ˖˄ ˁʰˍʱ˂˂ʹ˂˖˄ NBS (Calliari et al., 2019). ʆʰ 

ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ ʰˎˍʱ ˍʰ ˉ˂ʰʾˋʽʰ ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍʹˌ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˁʽ˄ʵˏ˄ˇˎΦ ʁʽ ʲʰˋʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾ 

ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʷ˂˂ʶʽ˕ʹ ˋˎ˃˃ʶˍˇ˔ʺˌ ˍ˖˄ ʶ˃ˉ˂ʶˁˈ˃ʶ˄˖˄ ˒ˇˊʷ˖˄ ό/ŀƭƭƛŀǊƛ Ŝǘ ŀƭΦΣ нлмфΤ 

bŀǊŀȅŀƴ Ŝǘ ŀƭΦΣ нлмтύΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʽˁʰ˄ˈˍʹˍʰ ʰ˄ʱ˂ˎˋʹˌ ˍˇˎ ʵˎ˄ʰ˃ʽˁˇˏ ˍ˖˄ 

NBS ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˋˎ˄ˇʵʶˎˍʽˁ˗˄ ˇ˒ʶ˂˗˄ ˁʰʽ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ʵˎ˄ʰ˃ʽˁ̌ ˏ ˉˇˎ 

ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ όYŀōƛǎŎƘ Ŝǘ ŀƭΦΣ нлмсΤ ²ƻǊƭŘ .ŀƴƪΣ нлмтύΦ ɶ ˔ˊʺˋʹ ˍ˖˄ 

System Dynamics Models (SDMύ ˃ˉˇˊʶʾ ˄ʰ ʲˇʹʻʺˋʶʽ ˋˍʹ˄ ʶ˅ʷˍʰˋʹ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ 

ˉˇ˂ˏˉ˂ˇˁ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΣ ˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˃ʶˍʰʲ˂ʹˍ˗˄ ˃ʷˋ˖ ʲˊˈʴ˔˖˄ ʰ˄ʱʵˊʰˋʹˌ (Chen and Wei, 2014, 

Zomorodian et al., 2018).  

ʃˇ˂˂ʷˌ ˉˊˈˋ˒ʰˍʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ʷ˔ˇˎ˄ ˎˉˇʴˊʰ˃˃ʾˋʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˁʰʽ ˍˇ ʵˎ˄ʰ˃ʽˁˈ ˍʹˌ 

ˋˎ˃˃ʶˍˇ˔ʽˁʺˌ ˍ˖˄ {5a ˋˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˎʵʱˍʽ˄˖˄ ˉˈˊ˖˄ όŘŜ ±ƛǘƻ Ŝǘ 

ŀƭΦΣ нлмфΣ нлмтΣ DŀǎǘŜƭǳƳ Ŝǘ ŀƭΦΣ нлмуΣ tŀƎŀƴƻ Ŝǘ ŀƭΦΣ нлмуΣ ²ŀƴƎ Ŝǘ ŀƭΦΣ нлмуύΣ ˁʰʻ˗ˌ ˁʰʽ 

ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ Ϧˎʵʱˍʽ˄ʹˌ ʰˋ˒ʱ˂ʶʽʰˌϦ ό/ƘŀǇƳŀƴ ŀƴŘ 5ŀǊōȅΣ нлмсΣ /ƘŜƴ ŀƴŘ ²ŜƛΣ нлмпΣ 

Pagano et al., 2017, Phan et al., 2018). ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˃ʶ˂ʶˍ˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ 

ˍʰ {5a ʴʽʰ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋˇˎ˄ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ 

˃ʷˍˊ˖˄Σ ˈˉ˖ˌ ˇʽ b.{Σ ˋˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˉ˂ʹ˃˃ˏˊʰˌ ˁʰʽ ˋʶ ʱ˂˂ʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ʸʹˍʺ˃ʰˍʰ ʶʾ˄ʰʽ 

ˋ˔ʶˍʽˁʱ ˃ʽˁˊˈˌΦ ɶ /Ƙǳ Ŝǘ ŀƭΦ όнлмлύ ˎʽˇʻʷˍʹˋʶ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ʲʰˋʽˋ˃ʷ˄ʹ ˋˍ h{5 ʴʽʰ ˄ʰ 

ʰ˄ʰ˂ˏˋʶʽ ˃ʾʰ ˍʶ˔˄ʹˍʺ ˂ʾ˃˄ʹ ˋʶ ʰˋˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˉˊˇˋˇ˃ˇʽ˗˄ˇ˄ˍʰˌ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍ˖˄ 

ˉˇ˂˂ʰˉ˂˗˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋˍˊʰˍʹʴʽˁ˗˄Φ ʆʰ SDM ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʶˉʾˋʹˌ ʴʽʰ ˍˇ˄ 

ʶ˄ˍˇˉʽˋ˃ˈ ˍ˖˄ ˕ˎ˔ˇ˂ˇʴʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˍ˖˄ ʶ˄ʵʽʰ˒ʶˊˇ˃ʷ˄˖˄ ˒ˇˊʷ˖˄ ˁʰʽ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ʶ˄ˈˌ ʵˎ˄ʰ˃ʽˁˇˏ ˎʴˊˇˍˈˉˇˎ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлмпύΦ ɶ ˍʶ˔˄ʽˁʺ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶˉʾˋʹˌ ʴʽʰ 

ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰ˄ˍˇ˔ʺˌ ˃ʶ ʷ˃˒ʰˋʹ ˋˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˉ˂ʹ˃˃ˏˊʰˌ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˍˎ˒˗˄˖˄Σ 
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ʰ˅ʽˇ˂ˇʴ˗˄ˍʰˌ ˍˇ˄ ʰ˄ˍʾˁˍˎˉˇ ˍʹˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˉˊʱˋʽ˄˖˄ ˎˉˇʵˇ˃˗˄ όˋˍʷʴʰˋʹΣ 

ʶʴˁʰˍʰˋˍʱˋʶʽˌ ʰˉˇʻʺˁʶˎˋʹˌ ʶʽˋˊˇ˗˄ ˁʰʽ ʵʽʰˉʶˊʰˍˇˏˌ ʵˊˈ˃ˇˎύ ό{ƻƴƎ Ŝǘ ŀƭΦΣ нлмуύΦ 

ɾʶ ˍʹ ˔ˊʺˋʹ ˍ˖˄ System Dynamics ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ ʶ˄ʶˊʴˈˌ ˋˎ˄ʶˊʴʰˋʾʰ ˁʰʽ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶʽʵ˗˄ ʶʽʵʾˁʶˎˋʹˌ ˁʰʽ ʵʽʰˁ˂ʰʵʽˁ˗˄ ʵʶ˅ʽˇˍʺˍ˖˄Σ ˔ˍʾʸˇ˄ˍʰˌ ʷˍˋʽ ˃ʶʴʰ˂ˏˍʶˊʹ 

ʶ˃ˉʽˋˍˇˋˏ˄ʹ ˋˍʰ ˃ˇ˄ˍʷ˂ʰ όZomorodian ˁΦʱΦΣ нлмуύΦ ɴˉʶʽˍʰΣ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ˄ ʰ˄ʱʵʶʽ˅ʹ ˍ˖˄ 

ˉˇ˂ˏˉ˂ˇˁ˖˄ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ  ʲˇʹʻ˗˄ˍʰˌ ˃ʶ 

ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˋˍʹ˄ ˉˊˈʲ˂ʶ˕ʹ ˉʽʻʰ˄˗˄ ʶˉʽʵˊʱˋʶ˖˄ ʺ ˋʶ ˉˇ˂ʽˍʽˁʷˌ ʰ˄ˍʾˋˍʰˋʹˌ όaŜƛƴƘŜǊȊ 

ˁʰʽ ±ƛŘŜƛǊŀΣ нлмуΤ tƭǳŎƘƛƴƻǘǘŀ ˁΦΦhΣ нлмфŀύ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˁʰˍʱ˂˂ʹ˂˖˄ 

ˋˍˊʰˍʹʴʽˁ˗˄ ʴʽʰ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˋˍʰ ˋˎˋˍʺ˃ʰˍʰ ό[ƻǇŜǎ ˁʰʽ ±ƛŘŜƛǊŀΣ нлмтύΦ ʆʷ˂ˇˌΣ ˉʷˊʰ ʰˉˈ 

ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹΣ ˇ˂ˈˁ˂ʹˊʹ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˊˇʱʴʶʽ ˍʹ˄ ʶˎʰʽˋʻʹˍˇˉˇʾʹˋʹ ˁʰʽ ˍˇ ˁʾ˄ʹˍˊˇ 

ʶˁʶʾ˄˖˄ ˉˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋʶ ʵʽʰʵʽˁʰˋʾʶˌ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄ ʺ ˁʰʻˇˊʽˋ˃ˇˏ ˉˇ˂ʽˍʽˁ˗˄Σ 

ˉʰˊʷ˔ˇ˄ˍʰˌ ʷˍˋʽ ˃ʽʰ ˉ˂ʰˍ˒ˈˊ˃ʰ ʴʽʰ ˍʹ˄ ˁˇʽ˄ʺ ˁˎˊʽˈˍʹˍʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ όtƭǳŎƘƛƴƻǘǘŀ 

ˁΦʱΦΣ нлмфōΣ нлму, wƛŎƘ ˁΦ.h, 2018). 

 

 

ɲʽʱʴˊʰ˃˃ʰ 1 Causual Loop ɻ ʽʱʴˊʰ˃˃ʰ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˍ˖˄ NBSΣ ʴʽʰ ˍʹ˄ ˅ʹˊʰˋʾʰ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ˉ˂ʹ˃˃ˏˊʰˌ ʴʽʰ 
ˍˇ˄ ˎ ʴˊˈˍˇˉˇ Balta PoteluΣ ˉʹʴʺΥ Virginia Rosa Coletta, Alessandro Pagano, Irene Pluchinotta, umberto Fratino, Albert Scrieciu, 
Florentina Nanu, Giordano Raffaele  ζCausal Loop Diagrams for supporting Nature Based Solutions participatory design and 
performance assessmentη 
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2.3. ʃh ˊʰʵʶʾʴ˃ʰˍʰ ʶ˒ʰˊ˃ˇʴʺˌ NBS ̀ ˎˋˍʹ˃ʱˍ˖˄ ˋˍʹ ˒ˏˋʹ 

 

2.3.1. ɶ ɽɹɾɿɶ ²h[hbD όYLb!ύ 

 

ʅˍʹ˄ ɰˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʺ ɼʾ˄ʰ ˋˍʹ˄ ʶˉʰˊ˔ʾʰ Liaoning ʲˊʾˋˁʶˍʰʽ ʹ ˂ʾ˃˄ʹ WolongΣ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ 

˂ʾ˃˄ʹ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ˃ʶ ʶˉʽ˒ʱ˄ʶʽʰ су ˍΦ˔˂˃ΦΣ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ 

ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇˎˌ ʲʽˈˍˇˉˇˎˌ ˉˍʹ˄˗˄ ˎˉˈ ʶ˅ʰ˒ʱ˄ʽˋʹˌΣ ˁʰʻ˗ˌ ʶˉʾˋʹˌ ʷ˔ʶʽ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 

ʰˉˈ ˁʰʽˊˈ ˖ˌ ʶ˄ʵʽʱ˃ʶˋˇˌ ˋˍʰʻ˃ˈˌ ʴʽʰ ʵʶˁʱʵʶˌ ˔ʽ˂ʽʱʵʶˌ ˉˇˎ˂ʽʱ ˋˍˇ˄ ʵˊˈ˃ˇ ˍʹˌ 

˃ʶˍʰ˄ʱˋˍʶˎˋʹˌ ˍˇˎˌ ˃ʶˍʰ˅ˏ ɮ˄ʰˍˇ˂ʽˁʺˌ ɮˋʾʰˌ ˁʰʽ ɮˎˋˍˊʰ˂ʾʰˌΦ ɶ ˂ʾ˃˄ʹ Wolong ʲˊʷʻʹˁʶ 

ʰ˄ˍʽ˃ʷˍ˖ˉʹ ˃ʶ ˍʹ˄ ˅ʹˊʰˋʾʰ ˖ˌ ʶˉʰˁˈ˂ˇˎʻ˖˄ ˍ˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ʰ˂ʽʶʾʰˌΣ ʴʶ˖ˊʴʾʰˌ ʰˉˈ 

ˍˇ˄ ʱ˄ʻˊ˖ˉˇ ˁʰʽ ˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺΦ ɮˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍ˗˄ ˍ˖˄ ˉˊʱ˅ʶ˖˄ ʺˍʰ˄ ʹ 

˃ʶˍʰ˄ʱˋˍʶˎˋʹ ˃ʶʴʱ˂ˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʰˉˇʵʹ˃ʹˍʽˁ˗˄ ˉˇˎ˂ʽ˗˄ ˁʰʽ ʽ˔ʻˏ˖˄ ˁʰʽ ˃ʶˍʰˍˊˇˉʺ ˍʹˌ 

˂ʾ˃˄ʹˌ ˋʶ ʲʱ˂ˍˇΦ ʆˇ нлмн ʰ˄ʰˁʹˊˏ˔ʻʹˁʶ ʰ˄ʰʵʶʾ˔ʻʹˁʶ ˖ˌ ʶʻ˄ʽˁʺ ˉʽ˂ˇˍʽˁʺ ˉʶˊʽˇ˔ʺ 

ˇʽˁˇ˂ˇʴʽˁʺˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺˌ ˉˊˇˋˍʰˋʾʰˌ ˂ʽ˃˄˗˄Φ 

 

 

ɳʽˁˈ˄ʰ 3 ɽʾ˃˄ʹ ²ƻƭƻƴƎ ˉˊʽ˄ ˍʹ˄ ʶˉʰ˄ʰ˒ˇˊʱ ˍʹˌ ˋʶ ʲʽˈˍˇˉˇ, ̄ ʹʴʺΥ 2010, Google Maps 




























































































































