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ɮˁˊ˖˄ˏ˃ʽʰ 

ɮˁˊ˖˄ˏ˃ʽˇ ʅʹ˃ʰˋʾʰ 

CCM ʋʹ˃ʽˁˈ ɼ˂ʽ˃ʰˍʽˁˈ ɾˇ˄ˍʷ˂ˇ (Chemistry Climate Model) 

CMIP6 ɶ ̫ ˁˍʹ ˒ ʱˋʹ ̱ ˇˎ Coupled Model Intercomparison Project 

CO ɾˇ˄ˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ 

ESMs ɾˇ˄ˍʷ˂ʰ ɱʺʽ˄˖˄ ʅˎˋˍʹ˃ʱˍ˖˄ (Earth System Models)  

GCM ʃʰʴˁˈˋ˃ʽʰ ɼ˂ʽ˃ʰˍʽˁʱ ɾˇ˄ˍʷ˂ʰ (Global Climate Models) 

JULES 
ɼˇʽ˄ˈˌ ˉˊˇˋˇ˃ˇʽ˖ˍʺˌ ˔ʶˊˋʰʾˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˍˇˎ ɶ˄˖˃ʷ˄ˇˎ ɰʰˋʽ˂ʶʾˇˎ 

(Joint UK Land Environment Simulator) 

IPCC 
ɲʽʰˁˎʲʶˊ˄ʹˍʽˁʺ ɳˉʽˍˊˇˉʺ ʴʽʰ ˍʹ˄ ɮ˂˂ʰʴʺ ˍˇˎ ɼ˂ʾ˃ʰˍˇˌ (Intergovernmental 

Panel on Climate Change) 

MEDUSA 

ɾˇ˄ˍʷ˂ˇ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄, ˍʹˌ ʰ˅ʽˇˉˇʾʹˋʹˌ ˍʹˌ 

ʵʷˋ˃ʶˎˋʹˌ ˁʰʽ ˍʹˌ ˈ˅ˎ˄ˋʹˌ ˍ˖˄ ʻˊʶˉˍʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ (Model of Ecosystem 

Dynamics, nutrient Utilisation, Sequestration and Acidification) 

NOx ʁ˅ʶʾʵʽʰ ˍˇˎ ʰʸ˗ˍˇˎ 

ʁ3 ʂʸˇ˄ 

OMA ɮʶˊˇʸˈ˂ ̀ ˍʽʴ˃ʺˌ (One-Moment Aerosol) 

Pb ɾˈ˂ˎʲʵˇˌ 

PMx (PM2.5, PM10) ɮʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ 

SSPs 
ʅʁ ˄ʱˊʽʰ ˉʰʴˁˈˋ˃ʽ˖˄ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʰ˂˂ʰʴ˗˄ (Shared 

Socioeconomic Pathways) 

SO2 ɲʽˇ˅ʶʾʵʽˇ ˍˇˎ ʻʶʾˇˎ 

UKCA 
ɾˇ˄ˍʷ˂ˇ ˔ʹ˃ʶʾʰˌ ˁʰʽ ʰʶˊˇʸˈ˂ ˍˇˎ ɶ˄˖˃ʷ˄ˇˎ ɰʰˋʽ˂ʶʾˇˎ (United Kingdom 

Chemistry and Aerosol model) 
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ɳʇʋɮʄɹʅʆɹɳʅ 

ɶ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˃ʶ ˍʾˍ˂ˇ ζɾʶ˂˂ˇ˄ˍʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ ˋˍʰ 

ʶˉʾˉʶʵʰ ˋˁˈ˄ʹˌη ʶˁˉˇ˄ʺʻʹˁʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˋˉˇˎʵ˗˄ 

ζɾʶˍʶ˖ˊˇ˂ˇʴʾʰΣ ɼ˂ʽ˃ʰˍˇ˂ˇʴʾʰ ˁʰʽ ɮˍ˃ˇˋ˒ʰʽˊʽˁˈ ʃʶˊʽʲʱ˂˂ˇ˄η ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɱʶ˖˂ˇʴʾʰˌΣ ˍˇˎ 

ɮˊʽˋˍˇˍʶ˂ʶʾˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ɸʶˋˋʰ˂ˇ˄ʾˁʹˌ όɮΦʃΦɸΦύΦ  

ɸh  ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʶˊ˃ʱ ˍˇ˄ ɼˇ ʃˊˈʵˊˇ˃ˇ ɵʱ˄ʹΣ ɼʰʻʹʴʹˍʺ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɱʶ˖˂ˇʴʾʰˌ ˍʹˌ 

ʅ˔ˇ˂ʺˌ ɸʶˍʽˁ˗˄ ɳˉʽˋˍʹ˃˗˄Σ ˇ ˇˉˇʾˇˌ ʶˉʷʲ˂ʶˉʶ ˍʹ˄ ʶˊʴʰˋʾʰ ˁʰʽ ˉʰˊʶʾ˔ʶ ˋˎ˄ʶ˔ʺ ˁʰʻˇʵʺʴʹˋʹ ˁʰʻΩ 

ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˋˎʴʴˊʰ˒ʺˌ ˍʹˌΦ ɸʰ ʺʻʶ˂ʰ ʰˁˈ˃ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇ˄ ɼˇ ɮ˂ˁʽʲʽʱʵʹ ɼʰ˂ʹˋ˗ˊʰΣ 

ʵʽʵʰˁˍˇˊʽˁˈˌ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɱʶ˖˂ˇʴʾʰˌΣ ʴʽʰ ˍʹ˄ ˉˇ˂ˏˍʽ˃ʹ ʲˇʺʻʶʽʱ ˍˇˎ ˁʰˍʱ ˍʹ˄ ʶˁˉˈ˄ʹˋʹ ˍʹˌ 

ʶˊʴʰˋʾʰˌΦ 

ɹʵʽʰʽˍʷˊ˖ˌ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍʰ ˃ʷ˂ʹ ˍʹˌ ʆˊʽ˃ʶ˂ˇˏˌ ɳˉʽˍˊˇˉʺˌΣ ˍʹ˄ ɼʰ ɼ˖˄ˋˍʰ˄ˍʾʰ ʆˇ˂ʾˁʰΣ 

ɮ˄ʰˉ˂ʹˊ˗ˍˊʽʰ ɼʰʻʹʴʺˍˊʽʰ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɱʶ˖˂ˇʴʾʰˌ ˍˇˎ ɮΦʃΦɸΦ ˁʰʽ ˍˇ˄ ɼˇ ɸʶˈʵ˖ˊˇ ɾʰˎˊˇ˃˃ʱˍʹ, 

ɼʰʻʹʴʹˍʺ ˍˇˎ ʆ˃ʺ˃ʰˍˇˌ ɱʶ˖˂ˇʴʾʰˌ ˍˇˎ ɮΦʃΦɸΦΣ ˇʽ ˇˉˇʾˇʽ ʵʷ˔ˍʹˁʰ˄ ˄ʰ ʰ˅ʽˇ˂ˇʴʺˋˇˎ˄ ˍʹ˄ ʶˊʴʰˋʾʰ 

˃ˇˎΦ ʁ˒ʶʾ˂˖ ʰˁˈ˃ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˁʰʽ ˈ˂ˇˎˌ ˍˇˎˌ ˁʰʻʹʴʹˍʷˌ ˍˇˎ ˍˇ˃ʷʰ ɾʶˍʶ˖ˊˇ˂ˇʴʾʰˌ-

ɼ˂ʽ˃ʰˍˇ˂ˇʴʾʰˌ ʴʽʰ ˍʽˌ ʴ˄˗ˋʶʽˌ ˉˇˎ ˃ˇˏ ˃ʶˍʷʵ˖ˋʰ˄ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˃ʶˍʰˉˍˎ˔ʽʰˁ˗˄ ˃ˇˎ 

ˋˉˇˎʵ˗˄Φ 

ʆʷ˂ˇˌΣ ʷ˄ʰ ˍʶˊʱˋˍʽˇ ʶˎ˔ʰˊʽˋˍ˗ ˋˍʹ˄ ˇʽˁˇʴʷ˄ʶʽʱ ˃ˇˎ ˁʰʽ ˍˇˎˌ ˒ʾ˂ˇˎˌ ˃ˇˎ ʴʽʰ ˍʹ ˋˎ˄ʶ˔ʺ ˍˇˎˌ 

ˋˍʺˊʽ˅ʹΦ 

 

ɳˎˋˍʱʻʽˇˌ ʅʽˋ˃ʱ˄ʹˌ, 2024 
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ʃɳʄɹɽɶʌɶ 

ɶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʰˉˈ ˍʰ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ 

ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇˎ˄ ˇʽ ˋˏʴ˔ˊˇ˄ʶˌ ˁˇʽ˄˖˄ʾʶˌΣ ˃ʶ ʰˊ˄ʹˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ ˎʴʶʾʰ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ˁʰʽ ˍ˖˄ 

ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Φ ɴ˄ʰˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁˈˌ ˊˏˉˇˌ ˉˇˎ ʷ˔ʶʽ ʰˊ˄ʹˍʽˁʺ ʶˉʾʵˊʰˋʹ ʷ˃˃ʶˋʰ ˁʰʽ ʱ˃ʶˋʰ ˋˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ʶʾ˄ʰʽ ʹ ̀ ˁˈ˄ʹ. 

ɶ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˈ˂ˇ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ 

ʶˉʹˊʶʱˋʶʽ ˋʶ ˋʹ˃ʰ˄ˍʽˁˈ ʲʰʻ˃ˈ ˍʰ ʶˉʾˉʶʵʰ ˋˁˈ˄́ˌ ̱̍ˋˇ ˋʶ ˍˇˉʽˁˈ ˈˋˇ ˁʰʽ ˋʶ ̄hʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇΦ ʆˇ 

ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʻʰ ˇʵʹʴʺˋʶʽ ˋʶ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ˋˁˈ˄ʹˌ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹΣ ˃ʶ ˍʽˌ 

ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˉʰˁˈ˂ˇˎʻʶˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍˇˎˌ ˋʶ ʰˎˍʷˌΦ  

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˃ʶ˂ʶˍʱˍʰʽ ʹ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ʶˉʽˉʷʵ˖˄ ˋˁˈ˄ʹˌ ˁʰˍʱ ˍʹ˄ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ 

2021-нмлл ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʽˌ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁʷˌ ʰ˂˂ʰʴʷˌ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˂ɦ ʲˇˎ˄ ˔˗ˊʰ ˋˏ˃˒˖˄ʰ 

˃ʶ ˍˇ ˋʶ˄ʱˊʽˇ {{tо-тΦл ˍ˖˄ ˋʁ ˄hˊʾ˖˄ ˉʰʴˁˈˋ˃ʽ˖˄ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʰ˂˂ʰʴ˗˄ όShared 

Socioeconomic Pathways, SSPs). ʅˍˇ ʶˉʾˁʶ˄ˍˊˇ ˍʹˌ ʶˊʴʰˋʾʰˌ ʲˊʾˋˁˇ˄ˍʰʽ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ 

ɮ˒ˊʽˁʺˌ όʷˊʹ˃ˇˌ ʅʰ˔ʱˊʰ ˁʰʽ ʅʱ˔ʶύ˂ ˁʰʽ ˍʹˌ ɮˋʾʰˌ όʷˊʹ˃ˇˌ ʆʱˁ˂ʰ ɾʰˁʱ˄Σ ɱˁˈ˃ˉʽΣ ɼʰˊʰˁˇˏ˃Σ ʆʰˊ ˁʰʽ 

ɽˇˎˍ), ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ʰ˄ʰ˂ˏʶˍʰʽ ʹ ˋ˔ʷˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰΣ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍʹˌ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰʷˊʰ ˃ʶ ˍˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌΣ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄  ˅ʹˊ̋ 

ˁʰʽ ˎʴˊʺ ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌΦ ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ 

ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍʶˋˋʱˊ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˍʹˌ сʹˌ ˒ʱˋʹˌ ˍˇˎ /ƻǳǇƭŜŘ aƻŘŜƭ LƴǘŜǊŎƻƳǇŀǊƛǎƻƴ 

tǊƻƧŜŎǘ ό/aLtсύΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˃ʶ˂ʶˍ˗˄ˍʰʽ ˍʰ ¦Y9{aм-0-LL, MRI-ESM2.0, GISS-E2-1-D ˁʰʽ DC5[-

9{aп ˃ʶ ˋˁˇˉˈ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎˌ. ʅˍʹ ˋˎʸʺˍʹˋʹ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˇ˃ˇʽˇʴʷ˄ʶʽʰ  ̋ʹ ̄̌ ʽˁʽ˂ˇ˃ˇˊ˒ʾʰ ˋˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰˍʱ ˉˈˋˇ ʰˎˍʱ ʶʾ˄ʰʽ ʽˁʰ˄ʱ ˄ʰ ʶˁˍʽ˃ʺˋˇˎ˄ ˃ʶ ˋʰ˒ʺ˄ʶʽʰ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ 

ˋˍʰ ʶˉʾˉʶʵʰ ˋˁˈ˄ʹˌ ʁ ˅ʰʽˍʾʰˌ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ 
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ABSTRACT 

Air pollution constitutes one of the most significant environmental challenges faced by modern 

societies, with adverse effects on the health of the population and ecosystems in general. One of the 

air pollutants that has a direct and indirect negative impact on the environment is dust. Climate 

change is likely to significantly affect dust levels both on local and global scale, with some areas 

affected more than others.  

The current thesis investigates the changes in dust levels during the period 2021-2100 in relation 

to the climate changes that are expected to take place under the SSP3-7.0 scenario of the Shared 

Socioeconomic Pathways (SSPs) scenarios. The focus lies on deserted regions in Africa (Sahara Desert 

and Sahel) and Asia (Takla Makan, Gobi, Karakum, Thar and Lut deserts), for which the relationships 

between the air temperature, precipitation and surface air velocity and the dust load, dust emissions, 

and dry and wet deposition of dust are analysed. For the better interpretation of the results, 

simulations of four climate models of the Coupled Model Intercomparison Project Phase 6 (CMIP6) 

are compared, namely UKESM1-0-LL, MRI-ESM2.0, GISS-E2-1-G and GFDL-ESM4. The discussion at the 

end of the paper explores the degree of agreement of the climate models and indicates whether they 

can robustly estimate future changes in dust levels due to climate change. 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ʅʽˋ˃ʱ˄ʹˌ ɳˎˋˍʱʻʽˇˌ - ɲʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ 

 

14 

ɼɳʊɮɽɮɹʁ мΦ ɳɹʅɮɱʍɱɶ 

1.1 ɳˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ 

1.1.1 ɱʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʁʽ ̫́ ʹ˃ˇʽ ʰˉˇˍʶ˂ˇˏ˄ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹ ˇʽ ˇˉˇʾʶˌ ʵʷ˔ˇ˄ˍʰʽ ˃ʽˁˊʱ ˉˇˋʱ ʲˊˇ˔ʺˌ ʶˍʹˋʾ˖ˌ 

(Boudreau et al., 2023). ɮ˄ ˁʰʽ ʷ˄ʰ ˁˇʽ˄ˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ʰ˄ˎʵˊʾʰ ʺ ˅ʹˊʰˋʾʰ ˉˇˎ 

ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋʶ ʰˎˍʷˌΣ ʷ˄ʰˌ ʰˁˊʽʲʺˌ ˇˊʽˋ˃ˈˌ ʴʽʰ ˍˇ˄ ˈˊˇ Ψʷˊʹ˃ˇˌΩ ʵʶ˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ ˄ʰ ʰˉˇʵˇʻʶʾ, 

ˁʰʻ˗ˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ˄ ˉʰˊʱʴˇ˄ˍʰ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ 

ʹ ̡˂ʱˋˍʹˋʹΣ ˍˇ ʷʵʰ˒ˇˌΣ ˇ ̄̌ ˂ʽˍʽˋ˃ˈΣ̩ ˍˇ ˁ˂ʾ˃ʰΣ ˁ˂ˉΦ (Nicholson, 1998). ɼʰˍʱ ˍʹ˄ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ ˖ˌ 

ʷˊʹ˃ˇʽ ˇˊʾʸˇ˄ˍʰʽ ˇʽ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʵʷ˔ˇ˄ˍʰʽ ʷ˖ˌ нр cm ʲˊˇ˔ʺˌ ʶˍʹˋʾ˖ˌΣ ˃ʶ ˍʹ˄ ʶ˅ʰˍ˃ʽˋˇʵʽʰˉ˄ˇʺ ˄ʰ 

ˎˉʶˊʲʰʾ˄ʶʽ ˁʰˍʱ ˋʹ˃ʰ˄ˍʽˁˈ ʲʰʻ˃ˈ ˍʹ˄ ʶˍʺˋʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹ όNoy-Meir, 1973; Boudreau et al., 2023). 

ɶ ʰ˄ʽˋˇˊˊˇˉʾʰ ˃ʶˍʰ˅ˏ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍʹˌ ʶ˅ʰˍ˃ʽˋˇʵʽʰˉ˄ˇʺˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˔ʰ˃ʹ˂ʺ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˎʴˊʰˋʾʰΣ ˍʽˌ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ ˁʰʽ ˍˇˎˌ ʰ˄ʷ˃ˇˎˌ 

ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄Σ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʷ˂˂ʶʽ˕ʹ ˍʹˌ ʵʽʰʻʷˋʽ˃ʹˌ ˎʴˊʰˋʾʰˌ ˉˇˎ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ 

ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˒ˎˍ˗˄ όSmith, 2019)Φ ɳ˄ˍˇˏˍˇʽˌΣ ˇˊʽˋ˃ʷ˄ʶˌ ˉˇʽˁʽ˂ʾʶˌ ˒ˎˍ˗˄ ˉˇˎ ʵʶ ˔ˊʶʽʱʸˇ˄ˍʰʽ 

˃ʶʴʱ˂ʰ ˉˇˋʱ ˄ʶˊˇˏ ʴʽʰ ˄ʰ ʰ˄ʰˉˍˎ˔ʻˇˏ˄ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋˍʽˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ 

ɶ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ʶˊʺ˃˖˄ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍʽˌ ʵˎˍʽˁʷˌ ˉ˂ʶˎˊʷˌ ˍ˖˄ ʹˉʶʾˊ˖˄Σ ˃ʶ ʶ˅ʰʾˊʶˋʹ ˍʽˌ 

ʶˊʺ˃ˇˎˌ ʅʰ˔ʱˊʰΣ ɮˊʰʲʾʰˌ ˁʰʽ ɱˁˈ˃ˉʽ ˁʰʽ ˍ˖˄ ˃ʽˁˊˈˍʶˊ˖˄ ʶˊʺ˃˖˄ ˍʹˌ ɮˋʾʰˌ ˇʽ ˇˉˇʾʶˌ 

ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ɳˎˊʰˋʾʰˌ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ʶˌ ʰˉˈ ˍʹ˄ ʻʱ˂ʰˋˋʰ. ɶ ˏˉʰˊ˅ ́ˍˇˎˌ 

˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˁˎˁ˂ˇ˒ˇˊʾʰΣ ˁʰʻ˗ˌ ˍʶʾ˄ˇˎ˄ ˄ʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˁʱˍ˖ 

ʰˉˈ ˍʽˌ ʰ˄ʰˍˇ˂ʽˁʷˌ ˉ˂ʶˎˊʷˌ ˍ˖˄ ˃ʶʴʱ˂˖˄ ˎˉˇˍˊˇˉʽˁ˗˄ ˁˎˍˍʱˊ˖˄ ˎ˕ʹ˂ʺˌ ˉʾʶˋʹˌ (Rafferty, 2020). 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʰ ʵˏˇ ˁˏˍˍʰˊʰ HadleyΣ ˉˇˎ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋˍˇ ɰˈˊʶʽˇ ˁʰʽ ɿˈˍʽˇ ɶ˃ʽˋ˒ʰʾˊʽˇ ˁʰʽ 

ˁʽ˄ˇˏ˄ˍʰʽ ʵʶ˅ʽˈˋˍˊˇ˒ʰ ˁʰʽ ʰˊʽˋˍʶˊˈˋˍˊˇ˒ʰΣ ʰ˄ˍʾˋˍˇʽ˔ʰ όʅ˔ʺ˃ʰ 1.1). 

 

 

ʅ˔ʺ˃ʰ 1.1: ɼˏˍˍʰˊʰ h ˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˁ ˎˁ˂ˇ˒ˇˊʾʰˌ (ˉʹʴʺ: Encounter Edu Ltd, 2022). 
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ʆʰ ˁˏˍˍʰˊʰ ˖ʻˇˏ˄ ˍˇ˄ ˎʴˊˈ ʰʷˊʰ ˋˍˇ˄ ɹˋʹ˃ʶˊʽ˄ˈ ˄ʰ ˁʽ˄ʹʻʶʾ ˉˊˇˌ ˍʰ ˎ̞ ʹ˂ˈˍʶˊʰ ˋˍˊ˗˃ʰˍʰ ˍʹˌ 

ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍˈˌ ˄ʰ ˕ˏ˔ʶˍʰʽΣ ˄ʰ ˋˎ˃ˉˎˁ˄˗˄ʶˍʰʽ ˁʰʽ ˄ʰ ˉˊˇˁʰ˂ʶʾ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ 

ˋˍʹ˄ ˉʶˊʽˇ˔ʺΦ ɼʰʻ˗ˌ ˇ ʰʷˊʰˌ ˁʽ˄ʶʾˍʰʽ ˉˊˇˌ ˍʰ ˃ʶʴʰ˂ˏˍʶˊʰ ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹΣ ˔ʱ˄ʶʽ ˃ʶʴʱ˂ˇ ˃ʷˊˇˌ 

ˍʹˌ ˎʴˊʰˋʾʰˌ ˍˇˎΦ ɼʰˍʱ ˍʹ˄ ˁʰʻˇʵʽˁʺ ˁʾ˄ʹˋʹ ˍ˖˄ ˁˎˍˍʱˊ˖˄Σ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʹ ˎˉˇˍˊˇˉˍʽˁʺ ʸ˗˄ʹ 

ˎ˕ʹ˂˗˄ ˉʽʷˋʶ˖˄ ˁʰʽ ˇ ʰʷˊʰˌ ˋˎ˃ˉʽʷʸʶˍʰʽ ˅ʰ˄ʱ ˁʰʽ ʻʶˊ˃ʰʾ˄ʶˍʰʽΣ ˔ʱ˄ˇ˄ˍʰˌ ˉʶˊʰʽˍʷˊ˖ ˍʹ˄ ˎʴˊʰˋʾʰ 

ˍˇΦˎ ɮˎˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶ˃ˉˇʵʾʸʶʽ ˍˇ˄ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˄ʶ˒˗˄Σ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˍʹˌ ʲˊˇ˔ʺˌΦ ʅʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ 

ˍʹ˄ ˉʰˊˇˎˋʾʰ ʰʷˊʰ ˉˇˎ ʶˉʽˍʰ˔ˏ˄ʶʽ ˍʹ˄ ʶ˅ʱˍ˃ʽˋʹ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΣ ʹ ˉʶˊʽˇ˔ʺ ˋˍʶˊʶˏʶʽ ʰˉˈ ˎʴˊʰˋʾʰ 

ˁʰʽ ˅ʹˊʰʾ˄ʶˍʰʽ (Encyclopedia Britannica, 2023). 

ɶ ʶˉʽˁˊʰˍˇˏˋʰ ˋˍʰʵʽʰˁʺ ˁʰʽ ˋˎ˄ʶ˔ʺˌ ˃ʶˍʱʲʰˋʹ ˃ʶˍʰ˅ˏ ˅ʹˊ˗˄ ˁʰʽ ʹ˃ʽʱ˄ˎʵˊ˖˄ ˉʶˊʽʲʰ˂˂ˈ˄ˍ˖˄ 

ʵˎˋˁˇ˂ʶˏʶʽ ˍʹ˄ ˇˊʽˇʻʷˍʹˋʹ ˃ʾʰˌ ˍʷˍˇʽˇˎ ʶʾʵˇˎˌ ˉʶˊʽˇ˔ʺˌ όNicholson, 1998). ʁʽ ʷˊʹ˃ˇʽ ʵʶ˄ 

ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˃ˈ˄ˇ ˋʶ ʸʶˋˍʷˌ ˉʶˊʽˇ˔ʷˌΣ ʰ˂˂ʱ ˁʰʽ ˋʶ ˕ˎ˔ˊˈˍʶˊʶˌΦ ʁʽ ˁˏˊʽʶˌ ˁʰˍʹʴˇˊʾʶˌ ˋˍʽˌ ˇˉˇʾʶˌ 

˃ˉˇˊˇˏ˄ ˄ʰ ˍʰ˅ʽ˄ˇ˃ʹʻˇˏ˄ ˃ʶ ʲʱˋʹ ˍʰ ʰʾˍʽʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˇˎˌ ˁʰʽ ˍʹ˄ ˅ʹˊˈˍʹˍʱ ˍˇˎˌ ʶʾ˄ʰʽ ˉʷ˄ˍʶ ˁʰʽ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ (Boudreau et al., 2023). 

ʇˉˇˍˊˇˉʽˁʷˌ ʷˊʹ˃ˇʽ όʷˊʹ˃ˇʽ ˔ʰ˃ʹ˂ˇˏ ʴʶ˖ʴˊʰ˒ʽˁˇˏ ˉ˂ʱˍˇˎˌ) 

ʁʽ ˎˉˇˍˊˇˉʽˁʷˌ ʷˊʹ˃ˇʽ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʆˊˇˉʽˁˇˏ ˍˇˎ ɼʰˊˁʾ˄ˇˎ (15° - олϲ ʲˈˊʶʽʰ ˍˇˎ 

ɹˋʹ˃ʶˊʽ˄ˇˏ) ʺ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʆˊˇˉʽˁˇˏ ˍˇˎ ɮʽʴˈˁʶˊˇˎ (15° - 30° ˄ ˈˍʽʰ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏύΦ ʆˇ ʰʾˍʽˇ 

ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ʰ˄ˇʵʽˁʺ ˁʾ˄ʹˋʹ ˍˇˎ ʻʶˊ˃ˇˏ ˎʴˊ̌ˏ ʰʷˊʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˁˇ˄ˍʱ ˋˍʹ ʸ˗˄ʹ 

ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏΣ ˇ ˇˉˇʾˇˌ ˁʰˍʱ ˍʹ˄ ʱ˄ˇʵˈ ˍˇˎ ˕ˏ˔ʶˍʰʽ ˁʰʽ ˅ʹˊʰʾ˄ʶˍʰʽΣ ˉˊˇˁʰ˂˗˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ 

ʷ˄ˍˇ˄ʶˌ ˍˊˇˉʽˁʷˌ ʲˊˇ˔ʷˌΣ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ɹˋʹ˃ʶˊʽ˄ˈΦ ʂˋˇ ˉ˂ʹˋʽʱʸʶʽ ˍʽˌ 

ˍˊˇˉʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ ʶˁˍʶ˂ʶʾ ˁʰʻˇʵʽˁʺ ˁʾ˄ʹˋʹ ˁʰʽ ʻʶˊ˃ʰʾ˄ʶˍʰʽΣ ʶ˃ˉˇʵʾʸˇ˄ˍʰˌ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˄ʶ˒˗˄Σ 

ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ˍʹˌ ʲˊˇ˔ʺ.̩ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˁʰˍʹʴˇˊʾʰˌ ʶˊʺ˃ˇˎ 

ʶʾ˄ʰʽ ʹ ʷˊʹ˃ˇˌ ʅʰ˔ʱˊʰ ˋˍʹ ɰΦ ɮ˒ˊʽˁʺΦ 

ʃʰˊʱˁˍʽʶˌ ʷˊʹ˃ˇʽ 

ʁʽ ˉʰˊʱˁˍʽʶˌ ʷˊʹ˃ˇʽ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˕ˎ˔ˊ̠˄ ˖ˁʶʱ˄ʽ˖  ˄ˊʶˎ˃ʱˍ˖˄. ʁ ʰʷˊʰˌ ˉˇˎ 

ˉ˄ʷʶʽ ˉˊˇˌ ˍʹ˄ ʰˁˍʺΣ ˕ˏ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ˎˉˇˁʶʾ˃ʶ˄ʹ ˕ˎ˔ˊˈˍʶˊʹ ˎʵʱˍʽ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˋˍˊ˗˃ʰ ˇ˃ʾ˔˂ʹˌΣ ʴ˄˖ˋˍˈ ˖ˌ «ˇ˃ʾ˔˂ʹ ˁʰˉ˄ˇˏ». ɶ ˇ˃ʾ˔˂ʹ ˁʰˉ˄ˇˏ ˉʰˊʰˋˏˊʶˍʰʽ ˋˍʹ 

ˋˍʶˊʽʱ ˁʰʽ ˉʰˊʱ ˍʹ˄ ˎ˕ʹ˂ʺ ˎʴˊʰˋʾʰΣ ʵʶ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˇʽ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ʰ˂˂ʰʴʷˌ ˉˇˎ ˋˎ˄ʺʻ˖ˌ 

ˉˊˇˁʰ˂ˇˏ˄ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌΦ ɮ˅ʽˇˋʹ˃ʶʾ˖ˍˇ ʶʾ˄ʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˃ʾʰ ˉʰˊʱˁˍʽʰ ʷˊʹ˃ˇˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ 

ˎʴˊʺ ˁʰʽ ˇ˃ʽ˔˂˗ʵʹˌΣ ʰ˂˂ʱ ˄ʰ ˃ʹ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰʻˈ˂ˇˎ ʲˊˇ˔ʺ ˋʶ ʰˎˍʺ. ɶ ̫ˊʹ˃ˇˌ ɮˍʰˁʱ˃ʰΣ ˋˍʹ˄ 

ʋʽ˂ʺ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ʷˊʹ˃ˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˁʰˍʹʴˇˊʾʰˌΣ ˋˍʹ˄ ˇˉˇʾʰ ˃ʱ˂ʽˋˍʰ ˍˇ ʵʽʱˋˍʹ˃ʰ ˃ʶ 

ʷ˂˂ʶʽ˕ʹ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˒ˍʱˋʶʽ ˍʽˌ ˉˇ˂˂ʷˌ ʵʶˁʰʶˍʾʶˌΣ ˋˎ˄ʽˋˍ˗˄ˍʰˌ ˍʹ˄ ˖ˌ ˍʹ˄ ˅ʹˊˈˍʶˊʹ 

ˉʶˊʽˇ˔ʺ ˍˇˎ ˉ˂ʰ˄ʺˍʹΦ 

ɴˊʹ˃ˇʽ ˃ʶ ʲˊˇ˔ˇˋˁʽʱ 

ʁʽ ʷˊʹ˃ˇʽ ˃ʶ ʲˊˇ˔ˇˋˁʽʱ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˁˇ˄ˍʱ ˋˍʽˌ ˎˉʺ˄ʶ˃ʶˌ ˉ˂ʰʴʽʷˌ ˇˊʽˋ˃ʷ˄˖˄ ˇˊˇˋʶʽˊ˗˄Σ ˇʽ 

ˇˉˇʾʶˌ ˁʰ˂ˏˉˍˇ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ʶˉʽˁˊʰˍˇˏ˄ˍʶˌ ʰ˄ʷ˃ˇˎˌ ˍʹˌ ʶˁʱˋˍˇˍʶ ˉʶˊʽˇ˔ʺˌ. ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎˌ 

ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ˄ ˎʴˊˈ ʰʷˊʰ ˉˇˎ ˉ˄ʷʶʽ ˋˍʹ˄ ˉˊˇˋʺ˄ʶ˃ʹ ˉ˂ʶˎˊʱ ˃ʽʰˌ ˇˊˇˋʶʽˊʱˌ ˉˇˎ ˍˇ˄ ʰ˄ʰʴˁʱʸʶʽ ˋʶ 

ʰ˄ˇʵʽˁʺ ˁʾ˄ʹˋʹΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˕ˏ˅ʹ ˍˇˎ ˁʰʽ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˎʴˊʰˋʾʰˌ ˍˇˎΦ ʂˍʰ˄ ˇ ʰʷˊʰˌ 

ˎˉʶˊˉʹʵʺˋʶʽ ˍʹ˄ ˇˊˇˋʶʽˊʱ ˁʰʽ ʰˊ˔ʾˋʶʽ ˍʹ˄ ˁʰʻˇʵʽˁʺ ˍˇˎ ˁʾ˄ʹˋʹ ˋˍʹ˄ ˎˉʺ˄ʶ˃ʹ ˉ˂ʶˎˊʱ ʵʶ˄ ʵʽʰʻʷˍʶʽ 

ʰˊˁʶˍʺ ˉˇˋˈˍʹˍʰ ˎʴˊʰˋʾʰˌ ʴʽʰ ˄ʰ ˋ˔ʹ˃ʰˍʾˋʶʽ ˄ʷ˒ʹ ˁʽ ʶˉˇ˃ʷ˄˖ˌ ʵʶ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ʲˊˇ˔ʺΦ ɶ ɼˇʽ˂ʱʵʰ 
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ˍˇˎ ɸʰ˄ʱˍˇˎ ˋˍʹ ɰΦ ɮ˃ʶˊʽˁʺ ˋˎ˄ʽˋˍʱ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˁʰˍʹʴˇˊʾʰˌ 

ʶˊʺ˃ˇˎΦ 

ɶˉʶʽˊ˖ˍʽˁˇʾ ʷˊʹ˃ˇʽ 

ʁʽ ́̄ ʶʽˊ˖ˍʽˁʷˌ ʷˊʹ˃ˇʽ ʲˊʾˋˁˇ˄ˍʰʽ ˃ʰˁˊʽʱ ʰˉˈ ˍʹ ʻʱ˂ʰˋˋʰ ˁʰʽ ˍʹ˄ ʰʽˍʾʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˇˎˌ 

ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ʱ˄ʶ˃ˇʽ ˇʽ ˇˉˇʾˇʽ ˈˍʰ˄ ˒ˍʱ˄ˇˎ˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʵʶ˄ ˒ʷˊˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʺ ˉˇˋˈˍʹˍʰ 

ˎʴˊʰˋʾʰˌΦ ɶ ʷˊʹ˃ˇˌ ɱˁˈ˃ˉʽ ˋˍʹ˄ ɮˋʾʰ ˋˎ˄ʽˋˍʱ ˃ʾʰ ʹˉʶʽˊ˖ˍʽˁʺ ʷˊʹ˃ˇΣ ˋˍʹ˄ ˇˉˇʾʰ ˇʽ ʱ˄ʶ˃ˇʽ ˒ʻʱ˄ˇˎ˄ 

ʷ˔ˇ˄ˍʰˌ ˔ʱˋʶʽ ˈ˂ʹ ˍˇˎˌ ˍʹ˄ ˎʴˊʰˋʾʰΦ 

ʃˇ˂ʽˁʷˌ ʷˊʹ˃ˇ ̔

ʁʽ ˉˇ˂ʽˁʷˌ ʷˊʹ˃ˇʽ ʰˉˇˍʶ˂ˇˏ˄ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ɮˊˁˍʽˁʺˌ όˋˍˇ ɰΦ ɶ˃ʽˋ˒ʰʾˊʽˇύ ˁʰʽ ˍʹˌ ɮ˄ˍʰˊˁˍʽˁʺˌ όˋˍˇ 

ɿΦ ɶ˃ʽˋ˒ʰʾˊʽˇύ ˁʰʽ ˉʶˊʽʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉˇˋˈˍʹˍʶˌ ˄ʶˊˇˏΣ ˇʽ ˇˉˇʾʶˌ ˈ˃˖ˌ ˖ˌ ʶˉʾ ˍˇ ˉ˂ʶʾˋˍˇ˄ ʶʾ˄ʰʽ 

ʶʴˁ˂˖ʲʽˋ˃ʷ˄ʶˌ ˋʶ ˉʰʴʶˍ˗˄ʶˌ ˁʰʽ ˋˍˊ˗˃ʰˍʰ ˉʱʴˇˎ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʷˍˇˎˌ. ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ 

ʶ˂ʱ˔ʽˋˍˇ ˄ʶˊˈ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇ ʴʽʰ ˍʹ ˉʰ˄ʾʵʰ ˁʰʽ ˔˂˖ˊʾʵʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌ. ʅ˔ʶʵˈ˄ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˍ˃ʺ˃ʰ 

ˍʹˌ ɮ˄ˍʰˊˁˍʽˁʺˌ ʻʶ˖ˊʶʾˍʰʽ ˉˇ˂ʽˁʺ ʷˊʹ˃ˇˌΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍʹ˄ ˖ˌ ˍʹ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ʷˊʹ˃ˇ ˋˍˇ˄ ˉ˂ʰ˄ʺˍʹΦ 

 

 
όʰύ 

 
όʲύ 

 
όʴύ 

 
όʵύ 
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όʶύ 

ʅ˔ʺ˃ʰ 1.2: ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʶˊʺ˃˖˄ ( )h ʅʰ˔ʱˊʰ (ˎˉˇˍˊˇˉʽˁʺ ̫ ˊʹ˃ˇˌ), (̡ ) ɮˍʰˁʱ˃ʰ (ˉʰˊʱˁˍʽʰ ̫ ˊʹ˃ˇˌ), (ɹ ) 

Death Valley (ʷˊʹ˃ˇˌ ˃  ʁ̡ ˊˇ˔ˇˋˁʽʱ), (ɻ ) ɱˁˈ˃ˉʽ (ʹˉʶʽˊ˖ˍʽˁʺ ̫ ˊʹ˃ˇˌ), (ʁ ) ɮ˄ˍʰˊˁˍʽˁʺ (ˉˇ˂ʽˁʺ ̫ ˊʹ˃ˇˌ) (̄ ʹʴʷˌ: WorldAtlas, 2017; 

Abercrombie and Kent, 2023; TravelNevada, 2023; Petrov, 2019; QuarkExpeditions, 2023). 

ʁ ʃʾ˄ʰˁʰˌ 1.1 ̄ ʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌ ʶˊʺ˃˖˄ ˁʰʽ ˍʰ ʴʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌΦ 

ʃʾ˄ʰˁʰˌ 1.1Υ ɼʰˍʹʴˇˊʾʶˌ ʶˊʺ˃˖˄ ˁʰʽ ʴʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ όˉʹʴʺΥ Boudreau et al., 2023). 

ɼʰˍʹʴˇˊʾʰ ʶˊʺ˃ˇˎ ʆˇˉˇʻʶˋʾʰ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʃh ˊʰʵʶʾʴ˃ʰˍʰ 

ʇˉˇˍˊˇˉʽˁʺ ʷˊʹ˃ˇˌ 

ʇˉˇˍˊˇˉʽˁʺ ʸ˗˄ʹ 

όʆˊˇˉʽˁˈˌ ˍˇˎ ɼʰˊˁʾ˄ˇˎ 

όмрϲɰ - олϲɰύ ˁʰʽ 

ʆˊˇˉʽˁˈˌ ˍˇˎ ɮʽʴˈˁʶˊˇˎ 

όмрϲɿ - олϲɿύύ 

ʇ˕ʹ˂ʺ ˅ʹˊʰˋʾʰΣ 

ʶ˂ʱ˔ʽˋˍʹ ʲˊˇ˔ʺ όғолŎƳύ 

ɴˊʹ˃ˇʽ ˍʹˌ ɮˎˋˍˊʰ˂ʾʰˌΣ 

ʅʰ˔ʱˊʰˌ ˁʰʽ ɿˈˍʽʰˌ 

ɮ˒ˊʽˁʺˌ 

ʃʰˊʱˁˍʽʰ ʷˊʹ˃ˇˌ 

ɲˎˍʽˁʷˌ ʰˁˍʷˌ ʹˉʶʾˊ˖˄ 

ˋʶ ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹ 

˃ʶˍʰ˅ˏ нлϲ-олϲ όɰΦ ϧ  ɿΦ 

ɶ˃ʽˋ˒ʰʾˊʽˇύ 

ʃˇ˂ˏ ˎ˕ʹ˂ʺ ˅ʹˊʰˋʾʰΣ 

ʶ˂ʱ˔ʽˋˍʹ ʲˊˇ˔ʺ όϤмо 

ŎƳύΣ ʷ˄ˍˇ˄ʹ ˇ˃ʾ˔˂ʹ ˍˇ˄ 

˔ʶʽ˃˗˄ʰ 

ɴˊʹ˃ˇʽ !ǘŀŎŀƳŀ όʋʽ˂ʺύΣ 

bŀƳƛō όɲΦ ɮ˒ˊʽˁʺύΣ .ŀƧŀ 

ɼʰ˂ʽ˒ˈˊ˄ʽʰ όɶʃɮύΣ ʹ 

ʷˊʹ˃ˇˌ ˋˍˇ ɾʰˊˈˁˇ 

ɴˊʹ˃ˇˌ ˃ʶ ʲˊˇ˔ˇˋˁʽʱ 
ɶˉʶʽˊ˖ˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ 

˃ʶ ˇˊˇˋʶʽˊʷˌ 

ɳ˂ʱ˔ʽˋˍʹ ʲˊˇ˔ʺΣ ˎ˕ʹ˂ʺ 

ʶ˅ʱˍ˃ʽˋʹ 

Sierra Nevada, 

Cascades, ɹ˃ʰ˂ʱʽʰ, ̌  ̔

ˈˊˇʽ Andes 

ɶˉʶʽˊ˖ˍʽˁʺ ʷˊʹ˃ˇˌ 
ɶˉʶʽˊ˖ˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ 

˃ʰˁˊʽʱ ʰˉˈ ˍʹ ʻʱ˂ʰˋˋʰ 

ɳ˂ʱ˔ʽˋˍʹ ʲˊˇ˔ʺ (<10 

ŎƳύΣ ˋʹ˃ʰ˄ˍʽˁʺ 

˃ʶˍʰʲˇ˂ʺ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʶˍʹˋʾ˖ˌ 

ɴˊʹ˃ˇʽ ɱˁˈ˃ˉʽ ˁʰʽ 

ʆʱˁ˂ʰ ɾʰˁʱ˄ όɮΦ ɮˋʾʰύΣ 

ʷˊʹ˃ˇʽ ɼʶ˄ˍˊʽˁʺˌ 

ɮˎˋˍˊʰ˂ʾʰˌΣ DǊŜŀǘ 

.ŀǎƛƴ όɰΦ ɮ˃ʶˊʽˁʺύΣ ˁʰʽ 

ɾˈ˄ˍʶ όɿΦ ɮ˃ʶˊʽˁʺύ 

ʃˇ˂ʽˁʺ ʷˊʹ˃ˇˌ ɮˊˁˍʽˁʺ ˁʰʽ ɮ˄ˍʰˊˁˍʽˁʺ 

ɳ˂ʱ˔ʽˋˍʹ ʲˊˇ˔ʺΣ 

ʶ˅ʰʽˊʶˍʽˁʱ ˔ʰ˃ʹ˂ʺ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˁʰʽ 

˅ʹˊʰˋʾʰ 

ɮˊˁˍʽˁʺ ˁʰʽ ɮ˄ˍʰˊˁˍʽˁʺ 
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1.1.2 ɱʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ 

ʁʽ ʷˊʹ˃ˇʽ ˁʰ˂ˏˉˍˇˎ˄ ˉʶˊʾˉˇˎ ˍˇ 20% ̱ ʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˔ʷˊˋˇˎ ˍˇˎ ˉ˂ʰ˄ʺˍʹΣ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋʶ ̍˂ ʶˌ 

ˍʽˌ ʹˉʶʾˊˇˎˌ ˁʰʽ ˁʰˍˇʽˁˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ʷ˄ʰ ʷˁˍˇ ˍˇˎ ˉʰʴˁˈˋ˃ʽˇˎ ˉ˂ʹʻˎˋ˃ˇˏ (Boudreau et al., 2023).  

ʁʽ ʷˊʹ˃ˇʽ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ˋˍʰʻʶˊʷˌ ˉʶˊʽˇ˔ʷˌΣ ʰ˂˂ʱ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˍˇ ˁ˂ʾ˃ʰ όˎ̄ ˇˁʶ˒ʱ˂ʰʽˇ 

1.1.4ύΦ ɶ ʻʷˋʹ ˍ˖˄ ˋˏʴ˔ˊˇ˄˖˄ ʶˊʺ˃˖˄ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˍˇˎ ˁ˂ʾ˃ʰˍˇˌ ˁʰˍʱ ˍˇ˄ ɼʰʽ˄ˇʸ˖ʽˁˈ 

ʰʽ˗˄ʰ (˅ʶˁʾ˄ʹˋʶ ˉˊʽ˄ ʰˉˈ срΣр ʶˁʰˍˇ˃˃ˏˊʽʰ ˔ˊˈ˄ʽʰύ ˁʰʽ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ˉˊˇˇʵʶˎˍʽˁʺ ˕ˏ˅ʹ ˁʰʽ 

ʶˉʰˁˈ˂ˇˎʻʹ ʰˉˇ˅ʺˊʰ˄ˋʹ (Smith, 2019). 

ʅˍˇ ʅ˔ʺ˃ʰ 1.3 ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˇʽ ˋˏʴ˔ˊˇ˄ʶˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɱʹˌΦ ɱʾ˄ʶˍʰʽ ʶˏˁˇ˂ʰ ʰ˄ˍʽ˂ʹˉˍˈ 

ˈˍʽ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ ɰΦ ɮ˒ˊʽˁʺΣ ˍʹ˄ ʹˉʶʽˊ˖ˍʽˁʺ ɮˋʾʰΣ ˁʰʽ ˍʽˌ ʵˎˍʽˁʷˌ ʰˁˍʷˌ ˍ˖˄ 

ʹˉʶʾˊ˖˄Φ ʁʽ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʶˌ ˋʶ ʷˁˍʰˋʹ ʷˊʹ˃ˇʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ όʃʾ˄ʰˁʰˌ 

1.2). 

 

ʅ˔ʺ˃ʰ 1.3Υ ʁʽ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹ όˉʹʴʺΥ USGS, 1997). 

ʃʾ˄ʰˁʰˌ 1.2Υ ʁʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʷˊʹ˃ˇʽ ˉʰʴˁˇˋ˃ʾ˖ˌ (ˉʹʴʺΥ Geology.com, 2023). 

ʂ˄ˇ˃ʰ ɼʰˍʹʴˇˊʾʰ ʶˊʺ˃ˇˎ ɴˁˍʰˋʹ όƪƳ2) ʆˇˉˇʻʶˋʾʰ 

ɮ˄ˍʰˊˁˍʽˁʺ ʃˇ˂ʽˁʺ ʷˊʹ˃ˇˌ мпΣн ʶˁʰˍΦ ɮ˄ˍʰˊˁˍʽˁʺ 

ɮˊˁˍʽˁʺ ʃˇ˂ʽˁʺ ʷˊʹ˃ˇˌ моΣф ʶˁʰˍΦ 

ɮ˂ʱˋˁʰΣ ɼʰ˄ʰʵʱˌΣ 

ɱˊˇʽ˂ʰ˄ʵʾʰΣ ɹˋ˂ʰ˄ʵʾʰΣ 

ʅˁʰ˄ʵʽ˄ʰʲʾʰΣ ʄ˖ˋʾʰ 

ʅʰ˔ʱˊʰ ʇˉˇˍˊˇˉʽˁʺ ʷˊʹ˃ˇˌ ф ʶˁʰˍΦ ɰΦ ɮ˒ˊʽˁʺ 

ɮˊʰʲʽˁʺ ʇˉˇˍˊˇˉʽˁʺ ʷˊʹ˃ˇˌ нΣс ʶˁʰˍΦ ɮˊʰʲʽˁʺ ˔ʶˊˋˈ˄ʹˋˇˌ 

ɱˁˈ˃ˉʽ ɶˉʶʽˊ˖ˍʽˁʺ ʷˊʹ˃ˇˌ мΣн ʶˁʰˍΦ ɼʾ˄ʰ ˁʰʽ ɾˇʴʴˇ˂ʾʰ 

ʃʰˍʰʴˇ˄ʾʰˌ ɶˉʶʽˊ˖ˍʽˁʺ ʷˊʹ˃ˇˌ 670.000 ɮˊʴʶ˄ˍʽ˄ʺ 

ɾʶʴʱ˂ʹ ɰʽˁˍ˗ˊʽʰ ʇˉˇˍˊˇˉʽˁʺ ʷˊʹ˃ˇˌ 650.000 ɮˎˋˍˊʰ˂ʾʰ 

ɼʰ˂ʰ˔ʱˊʽ ʇˉˇˍˊˇˉʽˁʺ ʷˊʹ˃ˇˌ 570.000 ɿˈˍʽʰ ɮ˒ˊʽˁʺΣ 
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ɾˉˇˍˋˇˎʱ˄ʰΣ ɿʰ˃ʾ˃ˉʽʰ 

Great Basin ɶˉʶʽˊ˖ˍʽˁʺ ʷˊʹ˃ˇˌ 490.000 ɶʃɮ 

ʅˎˊʾʰˌ ʇˉˇˍˊˇˉʽˁʺ ʷˊʹ˃ˇˌ 490.000 
ʅˎˊʾʰΣ ɹˇˊʵʰ˄ʾʰΣ ɹˊʱˁΣ 

ʅʰˇˎʵʽˁʺ ɮˊʰʲʾʰ 

1.1.3 ɼ˂ʽ˃ʰˍˇ˂ˇʴʽˁʱ ˋˍˇʽ˔ʶʾʰ 

ʆʰ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍ˖˄ ʶˊʺ˃˖˄ ʵʽʰ˒ʷˊˇˎ˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˋˍʹ˄ ˇˉˇʾʰ 

ʰ˄ʺˁˇˎ˄Φ ʍˋˍˈˋˇΣ ˎˉʱˊ˔ˇˎ˄ ˇˊʽˋ˃ʷ˄ʰ ʴʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʰ ˇˉˇʾʰ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋʶ ˈ˂ʶˌ ʺ ˋˍʹ˄ 

ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍˇˎˌΦ 

ɶ ʰ˄ˎʵˊʾʰ ʺ ʹ ˉ˂ʺˊʹˌ ˅ʹˊʰˋʾʰ ʰˉˇˍʶ˂ʶʾ ˍˇ ˁˇʽ˄ˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˈ˂˖˄ ˍ˖˄ ʶˊʹ˃ʽˁ˗˄ ˉʶˊʽˇ˔˗˄ 

(Boudreau et al., 2023). ɶ ʷ˂˂ʶʽ˕ʹ ˎʴˊʰˋʾʰˌ ˋˍˇ˄ ʰʷˊʰ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶ˅ʰ˒ʱ˄ʽˋʹ 

ʶ˄ʵʶ˔ˈ˃ʶ˄˖˄ ʶ˂ʰ˒ˊʽ˗˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶ˃˒ʰ˄ʽˋˍˇˏ˄ ˉˊˇˍˇˏ ˇʽ ʲˊˇ˔ˇˋˍʰʴˈ˄ʶˌ 

˒ˍʱˋˇˎ˄ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΦ ʁˊʽˋ˃ʷ˄ʶˌ ˒ˇˊʷˌΣ ˈˍʰ˄ ˎˉʱˊ˔ʶʽ ʶˉʰˊˁʺˌ ˎʴˊʰˋʾʰΣ ˇʽ 

ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˎˉˈ ˃ˇˊ˒ʺ ˄ʶ˒˗ˋʶ˖˄ ˉˇˎ ˒ʷˊˇˎ˄ ʷ˖ˌ ˁʰʽ нр ʶˁʰˍˇˋˍʱ ʲˊˇ˔ʺˌ ˋʶ 

˃ʾʰ ˃ˈ˄ˇ ˗ˊʰΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ ˃ˇ˄ʰʵʽˁʺ ʲˊˇ˔ʺ ˉˇˎ ʵʷ˔ʶˍʰʽ ʹ ʷˊʹ˃ˇˌ ˈ˂ˇ ˍˇ ˄̝ ˊˈ˄ˇΦ 

ʂˍʰ˄ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˋ˔ʹ˃ʰˍʽˋˍʶʾ ˄ʷ˒˖ˋʹΣ ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍˇˎ ʹ˂ʾˇˎ ˒ˍʱ˄ʶʽ ʰ˄ʶ˃ˉˈʵʽˋˍʰ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˍˇ ʻʶˊ˃ʰʾ˄ʶʽΦ ɾʶ ˍʹ ˋʶʽˊʱ ˍˇˎΣ ˍˇ ʷʵʰ˒ˇˌ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ 

ʻʷˊ˃ʰ˄ˋʹ ˍˇˎ ˎˉʶˊˁʶʾ˃ʶ˄ˇˎ ʰʷˊʰΦ ʅʶ ˇˊʽˋ˃ʷ˄ʶˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ʻʶˊ˃ˇˁˊʰˋʽʰˁʷˌ 

ˍʽ˃ʷˌ ʷ˖ˌ ˁʰʽ +54°C ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ, ʶ˄˗ ʱ˂˂ʶˌ ʷ˔ˇˎ˄ ʽʵʽʰʾˍʶˊʰ ˕ˎ˔ˊˇˏˌ ˔ʶʽ˃˗˄ʶˌ ʺ ̌̔  

ˋˎ˄ʻʺˁʶˌ ʶʾ˄ʰʽ ˕ˎ˔ˊʷˌ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʷˍˇˎˌ. 

ʆˇ ˃ʶʴʱ˂ˇ ʹ˃ʶˊʺˋʽˇ ʻʶˊ˃ˇ˃ʶˍˊʽˁˈ ʶˏˊˇˌ ʶʾ˄ʰʽ ˋˎ˄ʹʻʽˋ˃ʷ˄ˇ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ʶˊʺ˃ˇˎˌ. ɼʰˍʱ 

˃ʷˋˇ ˈˊˇΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˍʽ˃ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʷ˖ˌ Ҍоу°CΣ ʶ˄˗ ˍʹ ˄ˏ˔ˍʰ ʹ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˉʷ˒ˍʶʽ ˋˍˇˎˌ -4°C (NASA Earth Observatory, 2020)Φ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ 

ˉʰˊˇˎˋʾʰ ˁʰʽ ʰˉˇˎˋʾʰ ˍʹˌ ʴʺʽ˄ʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˍʹ ˃ʷˊʰ ˁʰʽ ˍʹ ˄ˏ˔ˍʰΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˁˎˁ˂ˇ˒ˇˊʾʰΣ ˋ˒ˇʵˊˇʾ ʱ˄ʶ˃ˇʽ ˃ʶ ˍʰ˔ˏˍʹˍʰ ˉʶˊʾˉˇˎ млл 

˔ʽ˂ʽˇ˃ʷˍˊ˖˄ ˍʹ˄ ˗ˊʰ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ʶˊʺ˃ˇˎˌΦ ɽˈʴ˖ ˍʹˌ ʷ˂˂ʶʽ˕ʹˌ ˒ˎˍ˗˄ ʺ ˍʹˌ 

ˉʰˊˇˎˋʾʰˌ ˔ʰ˃ʹ˂ʺˌ ʲ˂ʱˋˍʹˋʹˌΣ ˇ ʱ˄ʶ˃ˇˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰ˒ʷˊʶʽ ʱ˃˃ˇ ˁʰʽ ˋˁˈ˄ʹ ˋʶ ˃ʶʴʱ˂ʶˌ 

ʰˉˇˋˍʱˋʶʽˌ όˎ̄ ˇˁʶ˒ʱ˂ʰʽˇ 1.2.2.2).  

ɶ ˉʰˊˇˎˋʾʰ ˄ʶˊˇˏ ˋˍʽˌ ʶˊʺ˃ˇˎˌ ˉʰʾʸʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ʰˁˊʰʾ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ 

˒ʰʽ˄ˇ˃ʷ˄˖˄. ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰˍʰʽʴʾʵ˖˄Σ ˍˇ ˄ʶˊˈ ˊʷʶʽ ˃ʶˍʰ˒ʷˊˇ˄ˍʰˌ ʱ˃˃ˇΣ ˉʷˍˊʶˌ ˁʰʽ ˇˉˇʽˇʵʺˉˇˍʶ 

ʱ˂˂ˇ ˔ʰ˂ʰˊˈ ˎ˂ʽˁˈΣ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˃ʾh  ̱̀ ʽʴ˃ʽʰʾʰ ˉ˂ʹ˃˃ˏˊʰΦ ʁʽ ˉ˂ʹ˃˃ˏˊʶˌ ˋˍʽˌ ʶˊʹ˃ʽˁʷˌ 

ˉʶˊʽˇ˔ʷˌ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʶˉʽˁʾ˄ʵˎ˄ʶˌ ʴʽʰ ˍˇˎˌ ˉ˂ʹʻˎˋ˃ˇˏˌ ˉˇˎ ʵʽʰ˄ʷ˃ˇˎ˄ ˋʶ ʰˎˍʷˌ 

(Boudreau et al., 2023). 

1.1.4 ɼ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ˋˍʽˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ 

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˉʰˊʰˉʱ˄˖Σ ˇʽ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ˋʺ˃ʶˊʰ ʶʾ˄ʰʽ ʷˊʹ˃ˇʽ ʵʶ˄ ʺˍʰ˄ ˉʱ˄ˍʰ ˍˈˋˇ ˅ʹˊʷˌΦ 

ʃʶˊʾˉˇˎ ˉˊʽ˄ ʰˉˈ 8.000-11.000 ̝ ˊˈ˄ʽʰΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ʅʰ˔ʱˊʰ ʶʾ˔ʶ ˉˇ˂ˏ ˉʽˇ ʺˉʽˇ ˁʰʽ ˎʴˊˈ ˁ˂ʾ˃ʰ 

(deMenocal and Tierney, 2012)Φ ʁʽ ˁ˂ʽ˃ʰˍˇ˂ˈʴˇʽ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˇʵˇ ˖ˌ ˍʹ˄ «ʃˊʱˋʽ˄ʹ 

ʅʰ˔ʱˊʰ». ʆʰ ʰˊ˔ʰʽˇ˂ˇʴʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍ˖˄ ˇʽˁʽˋ˃˗˄ ˍˇˎ ˉʰˊʶ˂ʻˈ˄ˍˇˌ ʶʾ˄ʰʽ ʱ˒ʻˇ˄ʰ ˋˍʹ ˃ʷˋʹ ˍ˖˄ 

ʱʴˇ˄˖˄Σ ˃ʹ ˉʰˊʰʴ˖ʴʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ˍʹˌ ʅʰ˔ʱˊʰˌ ˋʺ˃ʶˊʰΦ ɮˉˇ˂ʽʻ˗˃ʰˍʰ ˁʰʽ ˍʶ˔˄ˇˎˊʴʺ˃ʰˍʰ ʵʶʾ˔˄ˇˎ˄ 
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ˈˍʽ ˁʱˉˇˍʶ ˋˍʹ ʅʰ˔ʱˊʰ ˎˉʺˊ˔ʶ ˉ˂ˇˏˋʽʰ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ ˁʰʽ ˁʰˍˇʽˁˇˏˋʰ˄ ˄ˇ˃ʱʵʶˌ ʰ˄ʻˊ˗ˉ˖˄ 

(Makoni, 2021). ɶ ˉʶˊʾˇʵˇˌ ˍʹˌ «ʃˊʱˋʽ˄ʹˌ ʅʰ˔ʱˊʰ» ʵʶ˄ ʺˍʰ˄ ʹ ˃ˇ˄ʰʵʽˁʺ ˋˍʽʴ˃ʺ ˋˍʹ˄ ʽˋˍˇˊʾʰ ˍʹˌ 

ˋˍʹ˄ ˇˉˇʾʰ ˋʹ˃ʶʽ˗ʻʹˁʰ˄ ˎʴˊʷˌ ˋˎ˄ʻʺˁʶˌΦ ʁʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʾˇʵˇʽ ʶ˄ʰ˂˂ʱˋˋˇ˄ˍʰ˄ ʰˉˈ ˅ʹˊʷˌ ˉˇˎ 

ʷ˃ˇʽʰʸʰ˄ ˉˇ˂ˏ ˃ʶ ʰˎˍʷˌ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʺ˃ʶˊʰ (Skonieczny et al., 2019). 

ɶ ʅʰ˔ʱˊʰ ʵʶ˄ ʶʾ˄ʰʽ ʹ ˃ˈ˄ʹ ʷˊʹ˃ˇˌ ˃ʶ ʵˊʰ˃ʰˍʽˁʷˌ ˁ˂ʽ˃ʰˍʽˁʷˌ ʰ˂˂ʰʴʷˌΦ ʁ ˉˇˍʰ˃ˈˌ DƘŀƎƎŀǊΣ ˋˍʹ 

ˋʹ˃ʶˊʽ˄ʺ ɹ˄ʵʾʰ ˁʰʽ ˍˇ ʃʰˁʽˋˍʱ˄Σ ʺˍʰ˄ ˃ʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉʹʴʺ ˄ʶˊˇˏ ˁʰʽ ˃ʽʰ ʰˋˍʽˁʺ ˉʶˊʽˇ˔ʺ ˍˇˎ ʰˊ˔ʰʾˇˎ 

ˉˇ˂ʽˍʽˋ˃ˇˏ ˍʹˌ ˁˇʽ˂ʱʵʰˌ ˍˇˎ ɹ˄ʵˇˏΦ ɾʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΣ ˇ DƘŀƎƎŀǊ ʱ˂˂ʰ˅ʶ ˉˇˊʶʾʰ ˁʰʽ ˍ˗ˊʰ 

ˊʷʶʽ ˃ˈ˄ˇ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ ˍ˖˄ ʲˊˇ˔ʶˊ˗˄ ˃ˇˎˋ˗˄˖˄Φ ɶ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ʰˉˇˍʶ˂ʶʾ ˋʺ˃ʶˊʰ ˃ʷˊˇˌ ˍ˖˄ 

ʰ˔ʰ˄˗˄ ʶˊʺ˃˖˄ ʆʰˊ ˁʰʽ ʋˇ˂ʽˋˍʱ˄ όDurcan et al., 2019). 

ɶ ʱ˄ˇʵˇˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˂ˈʴ˖ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˍʶˊʱˋˍʽʶˌ ʶˉʽˉˍ˗ˋʶʽˌ 

ˋˍʰ ʶˏʻˊʰˎˋˍʰ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰ ˍʹˌ ʶˊʺ˃ˇˎ (Bombi et al., 2021). ɶ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ʶʾ˄ʰʽ ʷ˄ʰ 

˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇ ˇˉˇʾˇ ʶˉʽˍʰ˔ˏ˄ˇˎ˄ ʽʵʽʰʾˍʶˊʰ ˇʽ ʰ˄ʻˊ˗ˉʽ˄ʶˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˋʶ ˈ˂ˇ˄ ˍˇ˄ ˉ˂ʰ˄ʺˍʹ 

(NASA Earth Observatory, 2019). ɶ ʱ˄ˇʵˇˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˃ʶˍʰʲʱ˂ʶʽ ˍʽˌ ʶˊʺ˃ˇˎˌ ˋʶ ʶˎʱ˂˖ˍʰ 

ˇʽˁˇˋˎˋˍʺ˃ʰˍʰ όBroom, 2022) ˋˎ˃ʲʱ˂˂ˇ˄ˍʰˌ ˋˍʹ˄ ʰˉ˗˂ʶʽʰ ʰʸ˗ˍˇˎΣ ʶ˄ˈˌ ˋʹ˃ʰ˄ˍʽˁˇˏ ʻˊʶˉˍʽˁˇˏ 

ˋˎˋˍʰˍʽˁˇˏΣ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌΦ ɶ ʻʶˊ˃ˈˍʹˍʰ ʶ˃ˉˇʵʾʸʶʽ ˍˇˎˌ ˃ʽˁˊˇˇˊʴʰ˄ʽˋ˃ˇˏˌ ˄ʰ ˃ʶˍʰˍˊʷ˕ˇˎ˄ ˍʰ 

ˎˉʱˊ˔ˇ˄ˍʰ ʻˊʶˉˍʽˁʱ ˋˎˋˍʰˍʽˁʱ ˋʶ ˄ʽˍˊʽˁʱ ʱ˂ʰˍʰΣ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʰ ʴʽʰ ˈ˂ʰ ˋ˔ʶʵˈ˄ ˍʰ 

ʷ˃ʲʽʰ ˈ˄ˍʰΦ ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˃ʶʽ˖ʻʶʾ ʹ ʺʵʹ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʲʽˇˉˇʽˁʽ˂̍ ˍʹˍʰ ˍ˖˄ ʶˊʺ˃˖˄ 

(NSF, 2009). 

ɳˉʽˉ˂ʷˇ˄Σ ʹ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ʶˉʹˊʶʱʸʶʽ ˍʹ ˋˎ˔˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌ ˍ˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄Φ ɶ 

ˎˉʶˊʻʷˊ˃ʰ˄ˋʹ ˍˇˎ ˉ˂ʰ˄ʺˍʹ ʻʰ ˇʵʹʴʺˋʶʽ ˋʶ ˉʶˊʽˋˋˈˍʶˊʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ 

ˉ˂ʰ˄ʺˍʹ ˁʰʽ ˋʶ ˂ʽʴˈˍʶˊʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˋʶ ʱ˂˂ʶˌ όHausfather, 2018a)Φ ʁʽ ˉʶˊʽˇ˔ʷˌ ˉˇˎ 

ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇˎ˄ ˃ʶʽ˖˃ʷ˄ʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʶˊʺ˃ˇˎˌ ˋˍˇ˄ ˁˈˋ˃ˇΥ ɰΦ 

ɮ˒ˊʽˁʺ όʅʰ˔ʱˊʰύΣ ɿɲ ɮ˃ʶˊʽˁʺ ό{ƻƴƻǊŀƴ ˁʰʽ /ƘƛƘǳŀƘǳŀƴύΣ ɿΦ ɯ˄ʵʶʽˌ όʃʰˍʰʴˇ˄ʾʰύ ˁʰʽ ɲΦ ɮˎˋˍˊʰ˂ʾʰ 

όɾʶʴʱ˂ʹ ɰʽˁˍ˗ˊʽʰύΦ 

ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍ˖˄ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ˇʽ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ˍʶʾ˄ˇˎ˄ ˄ʰ ʴʾ˄ˇˎ˄ 

ʷˊʹ˃ˇʽ ʰˎ˅ʱ˄ˇ˄ˍʰʽ (Broom, 2022)Φ ɶ ʶˊʹ˃ˇˉˇʾʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇʵˇʻʶʾ ˋʶ ʷ˄ʰ ˋˎ˄ʵˎʰˋ˃ˈ ˒ˎˋʽˁ˗˄ 

ˁʰʽ ʰ˄ʻˊ˖ˉˇʴʶ˄˗˄ ˉʰˊʰʴˈ˄ˍ˖˄Σ ʱ˃ʶˋ˖˄ ʺ ʷ˃˃ʶˋ˖˄Φ 

ʊˎˋʽˁʱ ˁʰʽ ʰ˄ʻˊ˖ˉˇʴʶ˄ʺ ʷ˃˃ʶˋʰ ʴʶ˄ʶˋʽˇˎˊʴʱ ʰʾˍʽʰ όdrivers, driving forces) ˇˊʾʸˇ˄ˍʰʽ ˖ˌ 

ʶˁʶʾ˄ˇʽ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˁʰʽ ˇʵʹʴˇˏ˄ ˋˍʰ ʱ˃ʶˋʰ ʰʾˍʽʰ όdirect causes) ˍʹˌ 

ʶˊʹ˃ˇˉˇʾʹˋʹˌΦ  

ʆʰ ɦ˃ ʶˋʰ ʰʾˍʽʰ όdirect causes) ˍʹˌ ʶˊʹ˃ˇˉˇʾʹˋʹˌ ʰ˒ˇˊˇˏ˄ ʰ˄ʻˊ˗ˉʽ˄ʶˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˉˇˎ 

ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˁˇʽ˄˖˄ʽˁˇ-ˇʽˁˇ˄ˇ˃ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎΣ ʶ˄ʶˊʴˇˉˇʽ˗˄ˍʰˌ ˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌΣ ˇʵʹʴˇˏ˄ 

ˋʶ ʶˊʹ˃ˇˉˇʾʹˋʹΦ ɮˎˍʷˌ ˇʽ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ 

¶ ʶ˄ˍʰˍʽˁˇˉˇʽʹ˃ʷ˄ʹκʲʽˇ˃ʹ˔ʰ˄ˇˉˇʽʹ˃ʷ˄ʹ ʴʶ˖ˊʴʾʰ ˁʰʽ ˁˍʹ˄ˇˍˊˇ˒ʾʰ ˎˉʶˊʶˁ˃ʶˍʱ˂˂ʶˎˋʹ 

ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄ 

¶ ʰˉˇ˕ʾ˂˖ˋʹ ʵʰˋ˗˄ 

¶ ʵʰˋʽˁʷˌ ˉˎˊˁʰʴʽʷˌ 

ˋˍˊʱʴʴʽˋʹκˉ˂ʺˊ˖ˋʹ ˎʵˊˇʲʽˇˍˈˉ˖˄ 
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¶ ˇʽˁʽˋˍʽˁʺΣ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ˁʰʽ ˍˇˎˊʽˋˍʽˁʺ ʰ˄ʱˉˍˎ˅ʹ 

¶ ʶ˅ˇˊˏ˅ʶʽˌ 

¶ ˁʰˍʰˋˁʶˎʺ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˁʰʽ ʵʽˁˍˏ˖˄ ˎˉˇʵˇ˃˗˄ ό˔ʶˊˋʰʾ˖˄Σ ʻʰ˂ʱˋˋʽ˖˄Σ ʶ˄ʰʷˊʽ˖˄ 

˃ʶˍʰ˒ˇˊ˗˄Σ ʶ˄ʷˊʴʶʽʰˌΣ ˍˇˎˊʽˋ˃ˇˏκʰ˄ʰ˕ˎ˔ʺˌΣ ˁΦ˂ˉΦύ 

ʆʰ ̫˃ ˃ʁ̀ ʰ ʺ ʴʶ˄ʶˋʽˇˎˊʴʱ ʰʾˍʽʰ όdrivers, indirect/ driving forces) ʰ˒ˇˊˇˏ˄ ʰ˂˂ʹ˂ʷ˄ʵʶˍˇˎˌ 

˒ˎˋʽˁˇˏˌΣ ˇʽˁˇ˄ˇ˃ʽˁˇˏˌΣ ˁˇʽ˄˖˄ʽˁˇ-ˉˇ˂ʽˍʽˋˍʽˁˇˏˌ ˁʰʽ ʻʶˋ˃ʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍʽˌ 

ʶˉʽ˂ˇʴʷˌ ˍ˖˄ ʰ˄ʻˊ˗ˉʽ˄˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˁʰʽ ˍ˖˄ ˉˊʰˁˍʽˁ˗˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˉˈˊ˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 

ˇʵʹʴʺˋˇˎ˄ ˋʶ ʶˊʹ˃ˇˉˇʾʹˋʹ όʅ˔ʺ˃ʰ мΦпύ. ʅʹ˃ʰ˄ˍʽˁʱ ʰ˄ʱ˃ʶˋʰ ˍˇˎˌ ʶʾ˄ʰʽΥ 

ʊˎˋʽˁʱ ʰʾˍʽʰ 

¶ ɼ˂ʽ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˃ʶˍʰʲˇ˂ʷˌ όʵʽʰˁˎ˃ʱ˄ˋʶʽˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ʰˁˊʰʾʰ 

ˁʰʽˊʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰΣ ʶˉˇ˔ʽʰˁʷˌ ˅ʹˊʰˋʾʶˌύ 

¶ ɱʶ˖˂ˇʴʽˁʺ ʵˇ˃ʺ 

¶ ʆˏˉˇˌ ʶʵʱ˒ˇˎˌ ό˒ˎˋʽˁˇ-˔ʹ˃ʽˁʱΣ ʲʽˇ˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ʲʱʻˇˌύ 

¶ ɮ˄ʱʴ˂ˎ˒ˇ ʶʵʱ˒ˇˎˌ όˁ˂ʾˋʶʽˌύ 

¶ ʇʵʰˍʽˁˇʾ ˉˈˊˇʽ όʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˁʰʽ ˉˇʽˈˍʹˍʰύ 

¶ ʊˎˍˇˁʱ˂ˎ˕ʹ όʶʾʵˇˌΣ ˉˎˁ˄ˈˍʹˍʰΣ ˁʰˍʰ˄ˇ˃ʺύ 

¶ ɱʶ˖ʴˊʰ˒ʽˁʺ ʻʷˋʹ ό˄ʹˋʽ˖ˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ ˇˊʶʽ˄ʷˌ ˉʶˊʽˇ˔ʷˌΣ Χύ 

ɮ˄ʻˊ˖ˉˇʴʶ˄ʺ ʰʾˍʽʰ 

¶ ʃ˂ʹʻˎˋ˃ʽʰˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

¶ ʁʽˁˇ˄ˇ˃ʽˁʺ ʵˇ˃ʺ 

¶ ɼˇʽ˄˖˄ʽˁʺ ʵˇ˃ʺ 

¶ ɹʵʽˇˁˍʹˋʽʰˁˈ ˁʰʻʶˋˍ˗ˌ ʴʹˌ ˁʰʽ ˉˈˊ˖˄  

¶ ʆʶ˔˄ˇ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ  

¶ ɿˇ˃ˇʻʶˍʽˁˈ ˉ˂ʰʾˋʽˇ ˉˊˇˋˍʰˋʾʰˌ ʷʴʴʶʽ˖˄ ˉˈˊ˖˄ ˁʰʽ ʵʽˇʽˁʹˍʽˁʺ ʵʽʱˊʻˊ˖ˋʹ. 

 ʋʰˊhˁ ˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶˊʹ˃ˇˉˇʾʹˋʹˌ ʰˉˇˍʶ˂ʶʾ ʹ ˉʶˊʽˇ˔ʺ ˈˉˇˎ ʶ˄ˍˇˉʾʸʶˍʰʽ ʹ ˂ʾ˃˄ʹ ʆˋʰ˄ˍ 

ˋˍʹ˄ ɮ˒ˊʽˁʺ. ɶ ̫ˁˍʰˋʹ ˍʹˌ ˂ʾ˃˄ʹˌ ʷ˒ˍʰ˄ʶ ˍˇ мфсо ˍʰ нрΦллл km3 ʶ˄˗ ˋʺ˃ʶˊʰ ˁʰ˂ˏˉˍʶʽ ˃ˈ˄ˇ ˍˇ мκ10 

ˍʹˌ ʷˁˍʰˋʹˌ ʰˎˍʺˌ ˋˍʰ 500 km3 (Sally Ride EarthKAM, 2023). ɮˉˈ ˍʹ˄ ˁˇʽ˂ˈˍʹˍʰ ˍʹˌ ˂ʾ˃˄ʹˌ ˉˇˎ 

ʰˉˇ˅ʹˊʱʻʹˁʶ ʰˉʶ˂ʶˎʻʶˊ˗˄ˇ˄ˍʰʽ ˉ˂ʷˇ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˉˇˋʱ ˋˁˈ˄ʹˌ (Pan et al., 2021). 
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ʅ˔ʺ˃ʰ 1.4Υ ʆʰ ˁˎˊʽˈˍʶˊʰ ʰʾˍʽʰ ʶˊʹ˃ˇˉˇʾʹˋʹˌ όˉʹʴʺΥ Dasarxeio.com, 2015). 

ʁʽ ˅ʹˊˈˍʶˊʶˌ ˋˎ˄ʻʺˁʶˌΣ ʹ ˃ʶʽ˖˃ʷ˄ʹ ˒ˎˍˇˁʱ˂ˎ˕ʹ ˁʰʽ ˇʽ ʰˎ˅ʹ˃ʷ˄ʶˌ ˍʰ˔ˏˍʹˍʶˌ ʰ˄ʷ˃ˇˎ ˃ˉˇˊˇˏ˄ 

˄ʰ ʶ˄ʽˋ˔ˏˋˇˎ˄ ˍʹ˄ ˁʽ˄ʹˍˇˉˇʾʹˋʹ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌΣ ˇʵʹʴ˗˄ˍʰˌ ˋʶ ˋˎ˔˄ˈˍʶˊʶˌ ˁʰʽ 

ˋˇʲʰˊˈˍʶˊʶˌ ˁʰˍʰʽʴʾʵʶˌ ˋˁˈ˄ʹˌΦ ɶ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ˄ ʶ˄ˍʰˍʽˁˇˉˇʾʹˋʹ ˍ˖˄ 

ˁʰˍʰʽʴʾʵ˖˄ ˋˁˈ˄ʹˌ ˋˍʽˌ ʶˊʺ˃ˇˎˌ (Copernicus, 2022). 

ʃʰˊˈ˂ʰ ʰˎˍʱ, ˁ ʰʽ ʹ ʾʵʽʰ ʹ ˋˁˈ˄ʹ ˃ˉˇˊʶʾ ˄ʰ ʰ˂˂ʹ˂ˇʶˉʽʵˊʱˋʶʽ ˃ʶ ˍʽˌ ˁ˂ʽ˃ʰˍʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˁʰʽ ˄ʰ 

ˋˎ˃ʲʱ˂ʶʽ ˋˍˇˎˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹˌ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ ɶ ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌ ˋˍʽˌ 

ʶˉʽ˒ʱ˄ʶʽʶˌ ˍʹˌ ʴʹˌΣ ˍˇˎ ˉʱʴˇˎ ˁʰʽ ˍˇˎ ˔ʽˇ˄ʽˇˏ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰʲʱ˂ʶʽ ˍʹ˄ ˂ʶˎˁʰˏʴʶʽʰ ˍˇˎˌΦ ɶ ˋˁˈ˄ʹ 

˃ʶʽ˗˄ʶʽ ˍʹ˄ ˂ʶˎˁʰˏʴʶʽʰ ˍˇˎ ˔ʽˇ˄ʽˇˏ ˁʰʽ ˉʱʴˇˎ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʰˉˇˊˊˈ˒ʹˋʹˌ ˍʹˌ 

ʹ˂ʽʰˁʺˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ˍˇ ˉʶˊʰʽˍʷˊ˖ ˂ʽ˗ˋʽ˃ˇ ˍ˖˄ ˉʱʴ˖˄ (Goelles 

and Bøggild, 2015). 
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1.2 ɮˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ ˁʰʽ ʶˊʹ˃ʽˁʺ ˋˁˈ˄ʹ 

1.2.1 ɮˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ 

ɮ̱ ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ ˁʰ˂ʶʾˍʰʽ ʹ ˉʰˊˇˎˋʾʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˋˍˇʽ˔ʶʾ˖˄Σ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ʺ ʱ˂˂˖˄ 

˃ˇˊ˒˗˄ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˉˇˋˈˍʹˍʰΣ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʺ ʵʽʱˊˁʶʽʰ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹ ˒ˎˋʽˇ˂ˇʴʽˁʺΣ ʹ ˇˉˇʾʰ 

˃ˉˇˊʶʾ ˄ʰ ˒ʷˊʶʽ ʰˊ˄ʹˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ ˎʴʶʾʰ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʰ˂˂ʱ ˁʰʽ ˇ˂ˈˁ˂ʹˊ˖˄ 

ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʰ ʺ ˁʰʽ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʰ (National Geographic, 2022). ʁʽ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁˇʾ ˊˏˉˇʽ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ˒ˎˋʽˁʱ ʺ ʰ˄ʻˊ˖ˉˇʴʶ˄ʺ ʰʾˍʽʰ ˁʰʽ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˉˇʽˁʾ˂ʶˌ 

ˉʹʴʷˌΦ ʁʽ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊˇ ˋˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ ʶʾ˄ʰʽ ˇʽ 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌΣ ˇʽ ˃ʶˍʰ˒ˇˊʷˌΣ ʹ ʴʶ˖ˊʴʾʰΣ ʹ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ʹ ʵʽʱʻʶˋʹ 

ʰˉˇʲ˂ʺˍ˖˄Φ 

ʁʽ ˁˏˊʽˇʽ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇʾ ˊˏˉˇʽ ˇʽ ˇˉˇʾˇʽ ˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ʰʷˊʰ ʶʾ˄ʰʽ ˍˇ 

˃ˇ˄ˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ (CO), ˍʰ ˇ˅ʶʾʵʽʰ ˍˇˎ ʰʸ˗ˍˇˎ όNOx), ˍˇ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʻʶʾˇˎ όSO2)Σ ˍˇ ˈʸˇ˄ 

(O3), ̱ ʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ (PMx) ˁ ʰʽ ˇ ˃ˈ˂ˎʲʵˇˌ όPb) (Nathanson, 2018)Φ ɼʱʻʶ ʷ˄ʰˌ ʰˉˈ ʰˎˍˇˏˌ 

ʻʶ˖ˊʶʾˍʰʽ ʽʵʽʰʾˍʶˊʰ ʶˉʽˁʾ˄ʵˎ˄ˇˌ ʴʽʰ ˍʹ˄ ˎʴʶʾʰ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʺ ˍˇˎ ˅ʶˉʶˊʱˋʶʽ 

ˁʱˉˇʽʰ ʻʶˋ˃ˇʻʶˍʹ˃ʷ˄ʰ ʰˉˈ ʶʻ˄ʽˁˇˏˌ ˁʰʽ ˉʰʴˁˈˋ˃ʽˇˎˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌ ˈˊʽʰ. 

ʁ ʃʾ˄ʰˁʰˌ 1.3 ˉʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ˉʹʴʷˌ ˉˊˇʷ˂ʶˎˋʹˌ ˁʰʽ ˍʽˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʶˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍ˖˄ ˁˏˊʽ˖˄ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˊˏˉ˖˄ ˋˍʹ˄ ˎʴʶʾʰ ˍˇˎ ˉ˂ʹ̒ˎ̀ ˃ˇˏ ˁʰʽ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

ʃʾ˄ʰˁʰˌ 1.3: ʃʹʴʷˌ ˉˊˇʷ˂ʶˎˋʹˌ ˁʰʽ ʶˉʽˉˍ˗ˋʶʽˌ ˁˏˊʽ˖˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˊˏˉ˖˄ όˉʹʴʺΥ Nathanson, 2018). 

ɮˍ˃ˇˋ˒ʰʽˊʽˁˈˌ ˊˏˉˇˌ 
ɼˏˊʽʶˌ ˉʹʴʷˌ 

ˉˊˇʷ˂ʶˎˋʹˌ 

ɳˉʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ 

ˎʴʶʾʰ 

ɳˉʽˉˍ˗ˋʶʽˌ ˋˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ 

CO 

ʁ˔ʺ˃ʰˍʰΣ ˉˎˊˁʰʴʽʷˌΣ 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ 

ʵˊʰˋˍʹˊʽˈˍʹˍʰ 

ɳˉʽʵʶʾ˄˖ˋʹ 

ˋˎ˃ˉˍ˖˃ʱˍ˖˄ ˉˇˎ 

ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ 

ˁʰˊʵʽʰˁʷˌ 

ˉʰʻʺˋʶʽˌΣ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ˄ 

ˈˊʰˋʹ 

ʅˎ˃ʲˇ˂ʺ ˋˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ 

ʰʽʻʰ˂ˇ˃ʾ˔˂ʹˌ 

NOx 

ʁ˔ʺ˃ʰˍʰΣ ˉʰˊʰʴ˖ʴʺ 

ʶ˄ʷˊʴʶʽʰˌΣ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ 

ʵˊʰˋˍʹˊʽˈˍʹˍʰ 

ʃˊˇʲ˂ʺ˃ʰˍʰ ˍˇˎ 

ʰ˄ʰˉ˄ʶˎˋˍʽˁˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌ 

ɼʰˍʰˋˍˊˇ˒ʺ ˒ˎ˂˂˖˃ʱˍ˖˄Σ 

ˋˎ˃ʲˇ˂ʺ ˋˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ 

ʰʽʻʰ˂ˇ˃ʾ˔˂ʹˌ 

SO2 

ʃʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌΣ 

ˁʰˏˋʹ ˇˊˎˁˍ˗˄ 

ˁʰˎˋʾ˃˖˄Σ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ 

ʵˊʰˋˍʹˊʽˈˍʹˍʰΣ 

ˇ˔ʺ˃ʰˍʰ 

ʃˊˇʲ˂ʺ˃ʰˍʰ ˍˇˎ 

ʰ˄ʰˉ˄ʶˎˋˍʽˁˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌ 

ʅˎ˃ʲˇ˂ʺ ˋˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ 

˔ʰ˂ʰʸʽˇˏΣ ˈ˅ʽ˄ʹˌ ʲˊˇ˔ʺˌ 

ˁʰʽ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ 

ˋ˖˃ʰˍʽʵʾ˖˄  

O3 
ɮ˄ˍʽʵˊʱˋʶʽˌ ʱ˂˂˖˄ 

ˊˏˉ˖˄ 

ʃˊˇʲ˂ʺ˃ʰˍʰ ˍˇˎ 

ʰ˄ʰˉ˄ʶˎˋˍʽˁˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌ 

ʃˊˇʲ˂ʺ˃ʰˍʰ ˋˍʽˌ ˒ˎˋʽˁʷˌ 

ʵʽʶˊʴʰˋʾʶˌ ˍ˖˄ ˒ˎˍ˗˄ 
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PMx 

ʃˎˊˁʰʴʽʷˌΣ 

ˁʰˍʰˋˁʶˎʷˌΣ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ʱ˂˂˖˄ 

ˊˏˉ˖˄ 

ʃˊˇʲ˂ʺ˃ʰˍʰ ˍˇˎ 

ʰ˄ʰˉ˄ʶˎˋˍʽˁˇˏ ˁʰʽ 

ˍˇˎ ˁʰˊʵʽʰˁˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌ 

ʅˎ˃ʲˇ˂ʺ ˋˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ 

˔ʰ˂ʰʸʽˇˏ ˁʰʽ ˈ˅ʽ˄ʹˌ 

ʲˊˇ˔ʺˌ 

Pb 

ɼʰˏˋʹ ʰˉˇˊˊʽ˃˃ʱˍ˖˄, 

ˁʰˏˋʹ ˇˊˎˁˍ˗˄ 

ˁʰˎˋʾ˃˖˄Σ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʶˍʱ˂˂˖˄ 

ʃˊˇʲ˂ʺ˃ʰˍʰ ˋʶ 

ˉˇʽˁʾ˂ʰ ̀ ˎˋˍʺ˃ʰˍʰ 

ˍˇˎ ˇˊʴʰ˄ʽˋ˃ˇˏ 

ɼʰˍʰˋˍˊˇ˒ʺ ˍʹˌ 

ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌ 

 

 

ʅ˔ʺ˃ʰ 1.5: ʃʹʴʷˌ ̄ ˊˇʷ˂ʶˎˋʹˌ ˁ ˏˊʽ˖˄ h ˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ́ ˏˉ˖˄ (ˉʹʴʺ: Global Weather and Climate Center, 2020). 

ʅˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΣ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˋˍˊʷ˒ʶˍʰʽ ˋˍʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ ˁʰʽ 

ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ ˋˁˈ˄ʹ ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʽˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋʶ ˈ˂ˇ ˍˇ˄ 

ˉ˂ʰ˄ʺˍʹΦ ɽʁ ˉˍˇ˃ʶˊʺˌ ˉʶˊʽʴˊʰ˒ʺ ʴʽʰ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ˍʽˌ ˉʹʴʷˌ ˁʰʽ ˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍ˖˄ 

ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ʵʾ˄ʶˍʰʽ ˋˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʶ˄ˈˍʹˍʶˌΦ 

1.2.1.1 ɮ̔ ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ 

ʆʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ ʁ ʾ˄ʰʽ ˋˍʶˊʶʱ ʺ ˎʴˊʱ ʰʽ˖ˊʺ˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʵʽʰˋˁˇˊˉʽˋ˃ʷ˄ʰ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ʷ˔ˇˎ˄ ʵʽʱ˃ʶˍˊˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ н nm ˁʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ 2лл ˃m όɽʰʸʰˊʾɻ ʹˌΣ 

2010). ʇˉʱˊ˔ˇˎ˄ ʵˏˇ ʲʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˃ʶ ʲʱˋʹ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎˌΣ ˍʰ 

˂ʶˉˍˈˁˇˁˁʰ ˁʰʽ ˍʰ ̝̌ ˄ʵˊˈˁˇˁˁʰΦ ʆ  h˂ʶˉˍˈˁˇˁˁʰ ˋ˖˃ʰˍʾʵʽʰ όPM2.5, fine particles) ʷ˔ˇˎ˄ ʵʽʱ˃ʶˍˊˇ 

˃ʽˁˊˈˍʶˊʹ ʰˉˈ н.р ˃m ˁʰʽ ˃ˉˇˊˇˏ˄ ʶˏˁˇ˂ʰ ˄ʰ ʶʽˋʲʱ˂ˇˎ˄ ˋˍˇ˄ ʰ˄ʻˊ˗ˉʽ˄ˇ ˇˊʴʰ˄ʽˋ˃ˈ ˃ʷˋ˖ ˍʹˌ 

ʰ˄ʰˉ˄ˇʺˌΣ ʶ˄˗ ˍʰ ̝̌˄ʵˊˈˁˇˁˁʰ (PM10, coarse particles) ʷ˔ˇˎ˄ ʵʽʱ˃ʶˍˊˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ нΦр ˃m ˁʰʽ 

˃ʽˁˊˈˍʶˊʹ ʰˉˈ мл ˃m (EPA, 2018a). 
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ɼʰʻ˗ˌ ˍˇ ˃ʷʴʶʻˈˌ ˍˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˒ʷˊʶʽΣ ˇˊʽˋ˃ʷ˄ʰ ˃ʶʴʰ˂ˏˍʶˊʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ ʶʾ˄ʰʽ 

ˇˊʰˍʱ ˃ʶ ʴˎ˃˄ˈ ˃ʱˍʽΣ ʶ˄˗ ʱ˂˂ʰ ˃ʽˁˊˈˍʶˊʰ ʴʾ˄ˇ˄ˍʰʽ ʰ˄ˍʽ˂ʹˉˍʱ ˃ˈ˄ˇ ˃ʶ ˍʹ ˔ˊʺˋʹ ˃ʽˁˊˇˋˁˇˉʾˇˎΦ ʁ 

ʃʾ˄ʰˁʰˌ 1.4 ˉʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ˉʽˇ ˁˇʽ˄ʷˌ ˃ˇˊ˒ʷˌ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ όSmith, 

2020). 

ʃʾ˄ʰˁʰˌ 1.4: ʁʽ ˉʽˇ ˁˇʽ˄ʷˌ ˃ˇˊ˒ʷˌ PMx όˉʹʴʺΥ Smith, 2020). 

ɾˇˊ˒ʷˌ PMx ʅˏ˄ˍˇ˃ʹ ˉʶˊʽʴˊʰ˒ʺ 

ʅˁˈ˄ʹ 

ɾʽˁˊˇˋˁˇˉʽˁʱ ˋ˖˃ʰˍʾʵʽʰ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʴˏˊʹΣ 

ʲʰˁˍʺˊʽʰΣ ˁʰˉ˄ˈΣ ʻʰ˂ʱˋˋʽˇˎˌ ˁˊˎˋˍʱ˂˂ˇˎˌΣ ˔˗˃ʰΣ ʱ˃˃ˇ, ˁʰʽ 

ʶʾ˄ʰʽ ̌ ˊʰˍʱ ˃ʶ ʴˎ˃˄ˈ ˃ʱˍʽ όNational Geographic, 2023). 

ɰʰˁˍʺˊʽʰ 

ɾʽˁˊˇˋˁˇˉʽˁˇʾ ˃ˇ˄ˇˁˏˍˍʰˊˇʽ ˇˊʴʰ˄ʽˋ˃ˇʾ ˉˇˎ ʸˇˎ˄ ˋˍʰ 

ˉʶˊʽˋˋˈˍʶˊʰ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰ ˍʹˌ ɱʹˌ ˁʽ ʷ˔ˇˎ˄ ʵʽʱ˃ʶˍˊˇ ˉʶˊʾˉˇˎ 

0,5 ˃ m (Rogers and Kadner, 2018). 

ɼʰˉ˄ˈˌ 

ʅ̟ ˃ʰˍʾʵʽʰ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʰˍʶ˂ʺ ˁʰˏˋʹ ˁˎˊʾ˖ˌ ʱ˄ʻˊʰˁʰ 

ʺ ʱ˂˂˖˄ ˁʰˎˋʾ˃˖˄Σ ˋʶ ʽˁʰ˄ʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ˇˊʰˍʱ 

(Science Learning Hub, 2009). 

ʅˉˈˊˇʽ ˃ˇˏ˔˂ʰˌ 

ɾʽˁˊˇˋˁˇˉʽˁˇʾ ˋˉˈˊˇʽ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ ˇˊʰˍˇʾ ˃ʶ ʴˎ˃˄ˈ ˃ʱˍʽΣ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰˉˈ ˃ˇˏ˔˂ʰ ˁʰʽ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ όEPA, 2019). 

ʆʰ ʰʽ˖ˊˇˏ˃ʶ˄ hˋ˖˃ʰˍʾʵʽʰ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ˉˊ˖ˍˇʴʶ˄ʺΣ ˍʰ ˇˉˇʾʰ ʶˁˉʷ˃ˉˇ˄ˍʰʽ ʰˉΩ ʶˎʻʶʾʰˌ 

ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ˋʶ ʵʶˎˍʶˊˇʴʶ˄ʺ ˍʰ ˇˉˇʾʰ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ҡʶ ʵʽʰʵʽˁʰˋʾʶˌ 

˃ʶˍʰˍˊˇˉʺˌ ʰʶˊʾ˖˄ ˋʶ ˋ˖˃ʰˍʾʵʽʰ ˈˉ˖ˌ ʶʾ˄ʰʽ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʹ ˋˎ˃ˉˏˁ˄˖ˋʹ ˎʵˊʰˍ˃˗˄, ʹ ʁ˅ ʱˍ˃ʽˋʹ 

ʰˍ˃˗˄, ʹ ̀ˎ ˋˋ˖˃ʱˍ˖ˋʹ ˃ʶ ʱ˂˂ʰ ˋ˖˃ʰˍʾʵʽʰ, ˔́ ˃ʽˁʷ ̩ʰ˄ˍʽʵˊʱˋʶʽˌ ˁʰʽ ʹ ɻ́ ˃ʽˇˎˊʴʾʰ ˇ˃ʾ˔˂ʹˌ ʺ 

˄ʶ˒ˇˋˍʰʴˇ˄ʽʵʾ˖˄ (Myhre et al., 2013). 

1.2.1.1.1 ʃʹʴʷˌ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ 

ʁʽ ˉˊ˖ˍˇʴʶ˄ʶʾˌ ˉʹʴʷˌ ˃ˉˇˊˇˏ˄Σ ʶˉʾˋʹˌΣ ˄ʰ ʵʽʰ˔˖ˊʽˋˍˇˏ˄ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΣ ˍʽˌ ˒ˎˋʽˁʷˌ ˁʰʽ ˍʽˌ 

ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ (Meersens, 2022; EEA, 2012). 

ʃˊ˖ˍˇʴʶ˄ʶʾˌ ˒ˎˋʽˁʷˌ ˉʹʴʷˌ 

¶ ɴɻ ʰ˒ˇˌ: ˋˁˈ˄ʹ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˃ʶ ˍʹ̩ ˍˎˊʲ˗ʵˇˎˌ ˊˇʺ̩ ̱̌ ˎ ʰ˄ʷ˃ˇˎ ʰˉˈ 

ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹΣ ʹ˃ʾ˅ʹˊʰ ˈˊʽʰ ʶˊʺ˃˖˄, h ˉˇ˅ʹˊʰ˃ʷ˄ʶˌ ˂ʾ˃˄ʶˌΣ ˉʶˊʽˇ˔ʷˌ 

ҡʶ ʁ˂ ʱ˔ʽˋˍʹ ʲ˂ʱˋˍʹˋʹ ˁʰʽ ʰˉˈ ʵʽʰˍʰˊʰʴ˃ʷ˄ʶˌ ʰˉˈ ˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ ʵˊʰˋˍʹˊʽˈˍʹˍʰ 

ˉʶˊʽˇ˔ʷˌΦ 

¶ ɶ˒ʰʾˋˍʶʽʰ: ˍʰ ʹ˒ʰʽˋˍʶʽʰˁʱ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ ʶˁˉʷ˃ˉˇ˄ˍʰʽ ˋʶ ˍʶˊʱˋˍʽʶˌ 

ˉˇˋˈˍʹˍʶˌ ˋˍʹ˄ ˍˊˇˉˈˋ˒ʰʽˊʰ ˋʶ ˉʰʴˁˈˋ˃ʽʰ ˁ˂ʾ˃ʰˁʰΦ 

¶ ʃˎˊˁʰʴʽʷˌ: ˇʽ ʰ˄ʶ˅ʷ˂ʶʴˁˍʶˌ ˒˖ˍʽʷˌ ˋˍʰ ʵʱˋʹ ˁʰʽ ˋʶ ˃ʶʴʱ˂ʶˌ ʶˁˍʱˋʶʽˌ ʶˁ˂ˏˇˎ˄ 

˃ʶʴʱ˂ʶˌ ˉˇˋˈˍʹˍʶˌ ˊˏˉ˖˄ ˃ʶ ˃ˇˊ˒ʺ ˁʰˉ˄ˇˏΣ ʱˁʰˎˋˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˁʰʽ 

ʽˉˍʱ˃ʶ˄ʹˌ ˍʷ˒ˊʰˌΦ 

¶ ʁʽ ˖ˁʶʰ˄ˇʾ ˁʰʽ ˇʽ ʻʱ˂ʰˋˋʶˌΥ ˍʰ ʻʰ˂ʱˋˋʽʰ ʱ˂ʰˍʰ ˍʰ ˇˉˇʾʰ ʶˁ˂ˏˇ˄ˍʰʽ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ˂ˈʴ˖ ˍʹˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˍˇˎ ʱ˄ʶ˃ˇˎ ˃ʶ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ 
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¶ ʆʰ ˒ˎˍʱ ˁʰʽ ˍʰ ʵʷ˄ˍˊʰ: ˋ˖˃ʰˍʾʵʽʰ ˇˊʴʰ˄ʽˁʺˌ ˏ˂ʹˌ ˈˉ˖ˌ ˍʰ ʲʰˁˍʺˊʽʰΣ ʹ ʴˏˊʹΣ ˇʽ 

ˋˉˈˊˇʽΣ ˔ˇˎ˃ʽˁʱ ˎ˂ʽˁʱΦ 

ʃˊ˖ˍˇʴʶ˄ʶʾˌ ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ ˉʹʴʷˌ 

¶ ɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰ: ʁʽ ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌΣ ˈˉ˖ˌ ʶˊʴˇˋˍʱˋʽʰΣ 

ˁʰˍʰˋˁʶˎʰˋˍʽˁʱ ʷˊʴʰ ˁʰʽ ʶˁ˃ʶˍʰ˂˂ʶˏˋʶʽˌ ˇˊˎˁˍ˗˄ ˉˈˊ˖˄Σ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˁˉʷ˃ˉˇˎ˄ 

ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ ɮˎˍʱ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ 

ˁʰˏˋʹ ˁʰˎˋʾ˃˖˄Σ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˎ˂ʽˁ˗˄ ˁʰʽ ʱ˂˂ʶˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌΦ 

¶ ɮʴˊˇˍʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ: ʁʽ ʰʴˊˇˍʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌΣ ˈˉ˖ˌ ʹ ˁʰ˂˂ʽʷˊʴʶʽʰ ʶʵʰ˒˗˄ 

ˁʰʽ ˇʽ ʶˁˍˊˇ˒ʷˌ ʸ˗˖˄Σ ˈˍʰ˄ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ʰʴˊˇ˔ʹ˃ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˁʰʽ ˍʹ˄ 

ˁʰˏˋʹ ʲʽˇ˃ʱʸʰˌ ̫ ˔ˇˎ˄ ˋʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶˁˉˇ˃ˉʺ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

¶ ʁʽˁʽʰˁʺ ˁʰˏˋʹ ˁʰʽ ˃ʶˍʰ˒ˇˊʷˌ: ʁʽ ˃ʶˍʰ˒ˇˊʷˌΣ ʹ ˁʰˏˋʹ ʴʰʽʰ˄ʻˊʱˁ˖˄ ʰˉˈ ˇʽˁʽʰˁʷˌ 

ˋˎˋˁʶˎʷˌ όˍʸʱˁʽʰΣ ˋˈ˃ˉʶˌΣ ˕ʹˋˍʰˊʽʷˌΣ ˁʰˎˋˍʺˊʶˌύ ˁʰʽ ʹ ˁʰˏˋʹ ˋˍʶˊʶ˗˄ ʰˉˇʲ˂ʺˍ˖˄ 

ʰˉˇˍʶ˂ˇˏ˄ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˉˇˎ ˉʰˊʱʴˇˎ˄ ˉˊ˖ˍˇʴʶ˄ʺ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ 

ɲʶˎˍʶˊˇʴʶ˄ʶʾˌ ˒ˎˋʽˁʷˌ ˉʹʴʷˌ 

ʅʹ˃ʰ˄ˍʽˁʷˌ ʵʶˎˍʶˊˇʴʶ˄ʶʾˌ ˒ˎˋʽˁʷˌ ˉʹʴʷˌ ʶʾ˄ʰʽ ˍʰ ʻʶʽʽˁʱ ʱ˂ʰˍʰ ʰˉˈ ʲʽˇʴʶ˄ʺ ʰʷˊʽʰ, ˍʰ ʻʶʽʽˁʱ 

ʱ˂ʰˍʰ ʰˉˈ ʹ˒ʰʽˋˍʶʽʰˁˈ SO2, ̌ ˊʴʰ˄ʽˁʺ ˏ˂ʹ ʰˉˈ ʲʽˇʴʶ˄ʺ VOC ˁ ʰʽ ˄ʽˍˊʽˁʱ ʱ˂ʰˍʰ ʰˉˈ NOx. 

ɲʶˎˍʶˊˇʴʶ˄ʶʾˌ ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ ˉʹʴʷˌ 

ɲʶˎˍʶˊˇʴʶ˄ʺ ʰ˄ʻˊ˖ˉˇʴʶ˄ʺ ʶʾ˄ʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ʻʶʽʽˁ˗˄ ʰ˂ʱˍ˖˄ ʰˉˈ ˍˇ 

ʶˁˉʶ˃ˉˈ˃ʶ˄ˇ SO2, ˁʰˏˋʶʽˌ ʲʽˇ˃ʱʸʰˌΣ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʽˍˊʽˁ˗˄ ʰ˂ʱˍ˖˄ ʰˉˈ NOx ˁʰʽ ˇˊʴʰ˄ʽˁ˗˄ ʶ˄˗ˋʶ˖˄ 

VOC. 

1.2.1.1.2 ʅˎ˃ʲˇ˂ʺ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ̀ ˖˃ʰˍʽʵʾ˖˄ ˋˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ  

ʆʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋʶ ˋʹ˃ʰ˄ˍʽˁˈ ʲʰʻ˃ˈ ˋˍʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹΣ 

˒ʷˊˇ˄ˍʰˌ ˉˇʽˁʾ˂ʶˌ ʰˊ˄ʹˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ ˎʴʶʾʰ ʰ˂˂ʱ ˁʰʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ (ʃʾ˄ʰˁʰˌ 

1.3). ʁˊʽˋ˃ʷ˄ʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˍ˖˄ ˃ʹ ʻʶ˃ʽˍ˗˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍˇˎˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

¶ ɮ˄ʻˊ˗ˉʽ˄ʹ ˎʴʶʾʰ: ɽˈʴ˖ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎˌΣ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˉˇˋˇˋˍˈ ʰʽ˖ˊˇˏ˃ʶ˄˖  ˄ˋ˖˃ʰˍʽʵʾ˖˄ 

˃ˉˇˊʶʾ ʶˏˁˇ˂ʰ ˄ʰ ʶʽˋ˔˖ˊʺˋʶʽ ˋˍˇ ʰ˄ʻˊ˗ˉʽ˄ˇ ʰ˄ʰˉ˄ʶˎˋˍʽˁˈ ˋˏˋˍʹ˃ʰ ˃ʷˋ˖ ˍʹˌ ʰ˄ʰˉ˄ˇʺˌ ˁʰʽ 

˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ʺ ˄ʰ ʶˉʽʵʶʽ˄˗ˋʶʽ ʰ˄ʰˉ˄ʶˎˋˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ʰ˂˂ʶˊʴʾʶˌ (Kyung and Jeong, 

2020)Φ ɮˁˈ˃ʰΣ ʶ˄ʽˋ˔ˏˇˎ˄ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌ ˁʰˊʵʽʰʴʴʶʽʰˁ˗  ˄ʰˋʻʶ˄ʶʽ˗˄ όHamanaka 

and Mutlu, 2018). 

¶ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ: ʆ  h ʰʽ˖ˊˇˏ˃ʶ˄ʰ ̀˖˃ʰˍʾʵʽʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʹˊʶʱˋˇˎ˄ ˍʹ˄ 

ˉˇʽˈˍʹˍʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˍ˖˄ ˎʵʱˍ˖˄ ˁʰʽ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Φ ɳˉʽˉ˂ʷˇ˄Σ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʹ˄ 

ʰˁˈ˃ʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˈ˅ˎ˄ˋʹ ̱˖˄ ˎʵʱˍ˖˄ ˁʰʽ ˍ˖˄ ʶʵʰ˒˗˄Σ ʶˉʹˊʶʱʸˇ˄ˍʰˌ ˍʹ˄ ʰʴˊˇˍʽˁʺ 

ˉʰˊʰʴ˖ʴʺ ˁʰʽ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰ (Das et al., 2021). 

¶ ʁˊʰˍˈˍʹˍʰ: ɶ ˎ˕ʹ˂ʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˃ˉˇˊʶʾ ˄ʰ 

˃ʶʽ˗ˋʶʽ ˍʹ˄ ˇˊʰˍˈˍʹˍʰ ˁʰʽ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ʻˇ˂ˈˍʹˍʰ (CA.gov, 2023). 

¶ ɼ˂ʾ˃ʰ: ʁˊʽˋ˃ʷ˄ʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰΣ ˈˉ˖ˌ ˇ ˃ʰˏˊˇˌ ʱ˄ʻˊʰˁʰˌΣ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶˉʹˊʶʱˋˇˎ˄ ˍˇ ˁ˂ʾ˃ʰ ʰˉˇˊˊˇ˒˗˄ˍʰˌ ˍʹ˄ ʹ˂ʽʰˁʺ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʹ˄ 

ʻʶˊ˃ˇˁˊʰˋʾʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ (EPA, 2018b). 
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1.2.2 ɳˊʹ˃ʽˁʺ ̀ ˁˈ˄ʹ 

ʆʽˌ ˁˎˊʽˈˍʶˊʶˌ ˉʹʴʷˌ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˎ˄ʽˋˍˇˏ˄ ˇʽ ʷˊʹ˃ˇʽ ˍˇˎ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋʶ ˈ˂ˇ ˍˇ˄ 

ˉ˂ʰ˄ʺˍʹΣ ˋˍʽˌ ˇˉˇʾʶˌ ʰˉˇʵʾʵʶˍʰʽ ˍˇ ор҈ ˍ˖˄ ˉˊ˖ˍˇʴʶ˄˗˄ ʶˁˉˇ˃ˉ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ όʆɳɳΣ нллуύΦ ɶ 

ˋˁˈ˄ʹ ʶʾ˄ʰʽ ˇ ˉʽˇ ʱ˒ʻˇ˄ˇˌ ˍˏˉˇˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ˉʰˊʱʴʶˍʰʽ 

ˁˎˊʾ˖ˌ ˃ʶ ˒ˎˋʽˁˈ ˍˊˈˉˇ ˉʱ˄˖ ʰˉˈ ʶˊʹ˃ʽˁʱ ˁʰʽ ʹ˃ʾ˅ʹˊʰ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ (Cakmur et al., 2006). ɶ 

ˋˁˈ˄ʹ ˍʹˌ ʶˊʺ˃ˇˎΣ ʶˉʾˋʹˌ ʴ˄˖ˋˍʺ ˖ˌ ʱ˃˃ˇˌ ˍʹˌ ʶˊʺ˃ˇˎ ʺ ˇˊˎˁˍʺ ˋˁˈ˄ʹΣ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ˂ʶˉˍʱ 

ˋ˖˃ʰˍʾʵʽʰ ʱ˃˃ˇˎ ˁʰʽ ʱ˂˂˖˄ ˇˊˎˁˍ˗˄ (ʵʽʱ˃ʶˍˊˇˌ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ нл ˃Ƴ) ˉˇˎ ʰ˄ˎ˕˗˄ˇ˄ˍʰʽ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ʰˉˈ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˃ʷˋ˖ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ ʰˉˈ ˍˇ˄ ʱ˄ʶ˃ˇΦ ɶ ˇˊˎˁˍʺ ˋˁˈ˄ʹ ʰˉˇˍʶ˂ʶʾ 

ʷ˄ʰ ʰˉˈ ˍʰ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ ʰʽ˖ˊʺ˃ʰˍʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˃ʶ ʶˁˉˇ˃ˉʷˌ ˉʶˊʾˉˇˎ 2150 Tg (Tg: 1 

ʶˁʰˍˇ˃˃ˏˊʽʰ ˍˈ˄ˇʽύ ʶˍʹˋʾ˖ˌ (Chen et al., 2011).  

ɶ ʷˊʹ˃ˇˌ ˍʹˌ ʅʰ˔ʱˊʰ ˋˍʹ˄ ɮ˒ˊʽˁʺ ˁʰʽ ʹ ʷˊʹ˃ˇˌ ɱˁˈ˃ˉʽ ˋˍʹ˄ A. ɮˋʾʰ ʶʾ˄ʰʽ ˇʽ ʵˏˇ ˁˏˊʽʶˌ 

ˉʰʴˁˈˋ˃ʽʶˌ ˉʹʴʷˌ ˉˇˎ ˍˊˇ˒ˇʵˇˍˇˏ˄ ˃ʶ ˋˁˈ˄ʹ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ ɶ ˃ʶʴʰ˂ˏˍʶˊʹ ˉʹʴʺ ˋˁˈ˄ʹˌ 

ˉʰʴˁˇˋ˃ʾ˖ˌ ʻʶ˖ˊʶʾˍʰʽ ʹ ɴˊʹ˃ˇˌ ʅʰ˔ʱˊʰΣ ˃ʶ млл ʶˁʰˍˇ˃˃ˏˊʽʰ ˍˈ˄ˇˎˌ ˋˁˈ˄ʹˌ ˄ʰ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ʰˉˈ 

ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʷˋ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋʶ ˈ˂ˇ˄ ˍˇ˄ ˉ˂ʰ˄ʺˍʹ όb!{! 9ŀǊǘƘ hōǎŜǊǾŀǘƻǊȅΣ нлннύΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ 

ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˊʹ˃ʽˁʺ ˉʶˊʽˇ˔ʺ ʅʱ˔ʶΣ˂ ʹ ˇˉˇʾʰ ʴʶʽˍ˄ʽʱʸʶʽ ˃ʶ ˍʹ˄ 

ʷˊʹ˃ˇ ʅʰ˔ʱˊʰ ˁʰʽ ˋˎ˔˄ʱ ʻʶ˖ˊʶʾˍʰʽ ˃ʶˍʰʲʰˍʽˁʺ ʸ˗˄ʹ ˃ʶˍʰ˅ˏ ˍʹˌ ʅʰ˔ʱˊʰˌ ˁʰʽ ˍ˖˄ ˉʽˇ ˉˊʱˋʽ˄˖˄ 

ˉʶˊʽˇ˔˗˄ ˍʹˌ ɮ˒ˊʽˁʺˌ (Cockerton et al., 2014; Encyclopedia Britannica, 2018). ɳ˄˗ ˍˇ ʅʱ˔ʶ ˂

˃ˇʽˊʱʸʶˍʰʽ ˁʱˉˇʽʶˌ ˇ˃ˇʽˈˍʹˍʶˌ ˃ʶ ˍʹ ʅʰ˔ʱˊʰ ˈˋˇ˄ ʰ˒ˇˊʱ ˋ̱ ʹ˄ ˅ʹˊˈˍʹˍʰ ˁʰʽ ˍˇ ʹ˃ʾ˅ʹˊˇ ˁ˂ʾ˃ʰΣ ʵʶ˄ 

ʰˉˇˍʶ˂ʶʾ ˃ʷˊˇˌ ˍʹˌ ʾʵʽʰˌ ˍʹˌ ʶˊʺ˃ˇˎ ʅʰ˔ʱˊʰΦ ʋʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ʷ˄ʰ ʹ˃ʾ˅ʹˊˇ ˁ˂ʾ˃ʰΣ ˃ʶ ʷ˄ʰ ˃ʶʾʴ˃ʰ 

˂ʽʲʰʵʽ˗˄Σ ˋʰʲʱ˄ʶˌ ˁʰʽ ʰˊʰʽʺ ʲ˂ʱˋˍʹˋʹΣ ˁʰʽ ʲʽ˗˄ʶʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ 

ʅʰ˔ʱˊʰΦ ʆˇ ʅʱ˔ʶ˂ ʶˁˍʶʾ˄ʶˍʰʽ ˋʶ ʵʽʱ˒ˇˊʶˌ ˔˗ˊʶˌΣ ˈˉ˖ˌ ʹ ɾʰˎˊʽˍʰ˄ʾʰΣ ˍˇ ɾʱ˂ʽΣ ˇ ɿʾʴʹˊʰˌΣ ʹ 

ɾˉˇˎˊˁʾ˄ʰ ʊʱˋˇΣ ʹ ʅʶ˄ʶʴʱ˂ʹΣ ˍˇ ʆˋʰ˄ˍΣ ˍˇ ʅˇˎʵʱ˄ ˁʰʽ ʹ ɳˊˎʻˊʰʾʰΦ ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ʶ˄ˍˇˉʾʸʶˍʰʽ ʹ 

˃ʶʴʰ˂ˏˍʶˊʹ ˉʹʴʺ ˋˁˈ˄ʹˌ ˋˍˇ˄ ˁˈˋ˃ˇΣ ʹ ˁˇʽ˂ˈˍʹˍʰ Bodélé ˋˍˇ ʆˋʰ˄ ˍΣ ʹ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˃ʶˍʰ˅ˏ ˍʹˌ 

˂ʾ˃˄ʹˌ ʆˋʰ˄ˍ ˁʰʽ ˍʹˌ ʅʰ˔ʱˊʰ, ˍ˖˄ ʲˇˎ˄˗˄ ¢ƛōŜǎǘƛ ˁʰʽ 9ƴƴŜŘƛΦ ɮˉˈ ˍʹ˄ ˁˇʽ˂ˈˍʹˍʰ ʰˉʶ˂ʶˎʻʶˊ˗˄ˇ˄ˍʰʽ 

400-700 ʶˁʰˍˇ˃˃ˏˊʽʰ ˍˈ˄ˇʽ ˋˁˈ˄ʹˌ ˍˇ ˔ˊˈ˄ˇ (BodEx 2005, 2023). ɶ ʵʶˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ʰˎ˅ʹ˃ʷ˄ʹˌ 

ˉʰˊʱʴ˖ʴʹˌ ˋˁˈ˄ʹˌ ʲˊʾˋˁʶˍʰʽ ˋˍʹ ɲΦ ʅʰ˔ʱˊʰ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ɾʰˎˊʽˍʰ˄ʾʰˌΣ ˍˇˎ ɾʱ˂ʽ 

ˁʰʽ ˍʹˌ ɮ˂ʴʶˊʾʰˌΦ ɮˎˍʷˌ ˇʽ ʵˏˇ ˉʶˊʽˇ˔ʷˌ ʵʷ˔ˇ˄ˍʰʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ʶˍʺˋʽʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ όмлл-200 mm) 

ˁʰʽ ʹ ˉʰˊʰʴ˖ʴʺ ˍʹˌ ˋˁˈ˄ʹˌ ˇ˒ʶʾ˂ʶˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ˒ˎˋʽˁʱ ʰʾˍʽʰ ˂ˈʴ˖ ˍʹˌ ˃ˇ˄ʰʵʽˁʺˌ ʴʶ˖˃ˇˊ˒ˇ˂ˇʴʾʰˌ 

ˁʰʽ ˍˇˎ ˁ˂ʾ˃ʰˍˇˌ όDƻǳŘie ˁ ʰʽ aƛŘŘƭŜǘƻƴ, 2001). 

ʂˍʰ˄ ˇʽ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶˎ˄ˇˇˏ˄ ˍʹ˄ ʰʽ˗ˊʹˋʹ ʰ˄ˈˊʴʰ˄˖˄ ˎ˂ʽˁ˗˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ʹ ˋˁˈ˄ʹ 

ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʹ˄ ʶ˂ʶˏʻʶˊʹ ˍˊˇˉˈˋ˒ʰʽˊʰ ҡʷˋ˖ ˍʹˌ ˇˉˇʾʰˌ ˃ˉˇˊʶʾ ˁʰʽ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋʶ ˃ʁ ʴʱ˂ʶˌ 

ʰˉˇˋˍʱˋʶʽˌ ˂ˈʴ˖ ˍʹˌ ʴʶ˄ʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ. ɯ˄ʶ˃ˇʽ ˃ʶ ˍʰ˔ˏˍʹˍʶˌ ˉʶˊʾˉˇˎ млл 

˔ʽ˂ʽˇ˃ʷˍˊ˖˄ ˍʹ˄ ˗ˊʰ όсл ˃ʾ˂ʽʰ ˍʹ˄ ˗ˊʰύ ˋʰˊ˗˄ˇˎ˄ ˇˊʽˋ˃ʷ˄ʶˌ ʶˊʺ˃ˇˎˌΦ ɾʶ ʶ˂ʱ˔ʽˋˍʹ ʲ˂ʱˋˍʹˋʹ ˄ʰ 

ˍˇ˄ ʶ˃ˉˇʵʾʸʶʽΣ ˇ ʱ˄ʶ˃ˇˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰ˒ʷˊʶʽ ʱ˃˃ˇ ˁʰʽ ˋˁˈ˄ʹ ˉʱ˄˖ ʰˉˈ ˇ˂ˈˁ˂ʹˊʶˌ ʹˉʶʾˊˇˎˌΣ ʰˁˈ˃ʹ 

ˁʰʽ ˋʶ ˖ˁʶʰ˄ˇˏˌΦ ʁʽ ʶˁˉˇ˃ˉʷˌ ˍʹˌ ʅʰ˔ʱˊʰ ʶˉʹˊʶʱʸˇˎ˄ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˒ˈˊˍˇ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ 

ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˍʹˌ ɮ˒ˊʽˁʺˌΣ ˍˇˎ ɮˍ˂ʰ˄ˍʽˁˇˏ ˖ˁʶʰ˄ˇˏΣ ˍʹˌ ˄ˈˍʽʰˌ ɮ˃ʶˊʽˁʺˌΣ ˍʹˌ ʰ˄ʰˍˇ˂ʽˁʺˌ ʰˁˍʺˌ 

ˍ˖˄ ɶΦʃΦɮΦ ˁʰʽ ˍʹˌ ɳˎˊ˗ˉʹˌ (Boudreau et al., 2023). 

1.2.2.1 ɱʶ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ɶ ʵʽʱ˃ʶˍˊˇˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ˍʹˌ ʶˊʺ˃ˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˇʽˁʾ˂˂ʶʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˃ʶ ʲʱˋʹ 

ˉˇʽˁʾ˂ˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˈˉ˖ˌ ʹ ˉʹʴʺ ˉˊˇʷ˂ʶˎˋʺˌ ˍˇˎˌΣ ˇʽ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ 
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ˋʶ ˃ʾʰ ˉʶˊʽˇ˔ʺ ˁʰʽ ˇʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ˃ʶˍʰ˒ˇˊʱˌ ˍʹˌ ˋˁˈ˄ʹˌ. ɶ ʵʽʱ˃ʶˍˊˇˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˁˎ˃ʰʾ˄ʶˍʰʽ 

ʰˉˈ ˃ʶˊʽˁʱ ˃ʽˁˊˈ˃ʶˍˊʰ ʷ˖ˌ ˃ʶˊʽˁʷˌ ʵʶˁʱʵʶˌ ˃ʽˁˊˈ˃ʶˍˊʰ. ɳʽʵʽˁˈˍʶˊʰΣ ʹ ʵʽʱ˃ʶˋʹ ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ 

ˈʴˁˇˎ ˍʹˌ ˔ˇ˄ʵˊˇʶʽʵˇˏˌ ˃ˇˊ˒ʺˌ ˋˁˈ˄ʹˌ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ р,8 ˃Ƴ ˁh ʽ пр,о ˃Ƴ όwȅŘŜǊ Ŝǘ ŀƭΦ, 2013) 

ʍˋˍˈˋˇΣ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˎˉʱˊ˔ʶʽ ʶˎˊʶʾʰ ˁʰˍʰ˄ˇ˃ʺ ˃ʶʴʷʻˇˎˌ ˁʰʽ ˇˊʽˋ˃ʷ˄ʰ 

ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˁ˂ʾ˄ˇˎ˄ h ˉˈ ˍˇ ˍˎˉʽˁˈ ʶˏˊˇˌ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˉʰˊʰˉʱ˄˖. ɼʰʻ˗ˌ ˍʰ 

ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ʰˉˇ˃ʰˁˊˏ˄ˇ˄ˍʰʽ ʰˉˈ ̱́˄ ˉʶˊʽˇ˔ʺ ˉˊˇʷ˂ʶˎˋʹˌ ˍˇˎˌΣ ˍˇ ˃ʷˋˇ ˃ʷʴʶʻˇˌ ˍˇˎˌ 

˃ʶʽ˗˄ʶˍʰʽ ʵˊʰ˃ʰˍʽˁʱ. ɶ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˍˇˎˌ ˁʰʽ 

ˍˇ˄ ˍˊˈˉˇ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʰ˂˂ʹ˂ʶˉʽʵˊˇˏ˄ ˃ ʶ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

ʆˇ ˋ˔ʺ˃ʰ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ʶˉʹˊʶʱʸʶʽ ˍˇ ˊˎʻ˃ˈ ʰˉˈʻʶˋʹˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʰˎ˅ʹʻʶʾ 

ˍʰ˔ˏˍʰˍʰ ˁʰʻ˗ˌ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ʰˉˇˁ˂ʾ˄ˇˎ˄ ʰˉˈ ˍˇ ʰˊ˔ʽˁˈ ˋ˒ʰʽˊʽˁˈ ˋ˔ʺ˃ʰ ˉˇˎ ʵʽʷʻʶˍʰ˄ (Cheng et 

al., 1988). Th  ʶˉʾˉʶʵʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˍʶʾ˄ˇˎ˄ ˄ʰ ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ 

ˁʰʽ ˄ʰ ˍʰ˅ʽʵʶˏˇˎ˄ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˇˋˍʱˋʶʽˌ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˋ˒ʰʽˊʽˁˇˏ 

ˋ˔ʺ˃ʰˍˇˌ όKnippertz, 2014). ʆˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ʶˉʹˊʶʱʸʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 

ˍʹˌ ˅ʹˊʺˌ ʶ˄ʰˉˈʻʶˋʹˌ ˋˁˈ˄ʹˌΣ ʹ ˇˉˇʾʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˍʹˌΣ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˃ʶʴʶʻ˗˄ ˍ˖˄ 

ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ˁʰˍʱ ˍʹ ˃ʶˍʰ˒ˇˊʱΦ ʆʰ ˂ʶˉˍʱ ˋ˖˃ʰˍʾʵʽʰ ˃ʶ ʵʽʱ˃ʶˍˊˇ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ н,р ˃m 

˃ˉˇˊˇˏ˄ ˄ʰ ˍʰ˅ʽʵʷ˕ˇˎ˄ ˋʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌΣ ʰˁˈ˃ʹ ˁʰʽ ˃ʶˍʰ˅ˏ ʹˉʶʾˊ˖˄Σ ʶ˄˗ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ 

˔ˇ˄ʵˊˇʶʽʵʺ ˋ˖˃ʰˍʾʵʽʰ ˃ʶ ʵʽʱ˃ʶˍˊˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ мл ˃m ʶ˄ʰˉˇˍʾʻʶ˄ˍʰʽ ˋ˔ʶˍʽˁʱ ˁˇ˄ˍʱ ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˉˊˇʷ˂ʶˎˋʺˌ ̱ ˇˎˌ ˃ʷˋʰ ˋʶ ˂ʾʴʶˌ ˗ˊʶˌ ʺ ˂ʶˉˍʱ ˃ʶˍʱ ˍʹ˄ ʰˊ˔ʽˁʺ ʰ˄ˏ˕˖ˋʹ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

ɶ ˋˁˈ˄ʹ ˍʹˌ ʶˊʺ˃ˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˃ʶʾʴ˃ʰ ˉˇʽˁʾ˂˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˉˇˎ ʰ˄ˎ˕˗˄ˇ˄ˍʰʽ ˋˍˇ˄ 

ʰʷˊʰ ˁʰʽ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˃ʶ ˍˇ˄ ʱ˄ʶ˃ˇ ʰˉˈ ˅ʹˊʷˌ ʺ ʹ˃ʾ˅ʹˊʶˌ ˉʶˊʽˇ˔ʷˌΦ ɶ ˋˏ˄ʻʶˋʹ ˍʹˌ ˋˁˈ˄ʹˌ ˃ˉˇˊʶʾ 

˄ʰ ˉˇʽˁʾ˂˂ʶʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍˇˉˇʻʶˋʾʰ ˁʰʽ ˍʰ ʴʶ˖˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 

ˉˊˇʷ˂ʶˎˋʹˌ (Falkovich et al., 2001). ʁ ʃʾ˄ʰˁʰˌ 1.5 ˉʰˊˇˎˋʽʱʸʶʽ ˍʰ ˁˏˊʽʰ ˋˎˋˍʰˍʽˁʱ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ 

ˋˁˈ˄ʹˌΦ 

ʃʾ˄ʰˁʰˌ 1.5Υ ɼˏˊʽʰ ˋˎˋˍʰˍʽˁʱ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ (ˉ́ ʴʺΥ Falkovich et al., 2001) . 

ʅˎˋˍʰˍʽˁʱ ʅˏ˄ˍˇ˃ʹ ˉʶˊʽʴˊʰ˒ʺ 

ʁˊˎˁˍʱ ˋ˖˃ʰˍʾʵʽʰ 

ʆh  ˁˎˊʾʰˊ˔ʰ ˋˎˋˍʰˍʽˁʱ ˍʹˌ ʶˊʹ˃ʽˁʺˌ ˋˁˈ˄ʹˌΦ ɮˉˇˍʶ˂ˇˏ˄ˍʰʽ 

ˁˎˊʾ˖ˌ ʰˉˈ ˇˊˎˁˍʱ ˈˉ˖ˌ ˔ʰ˂ʰʸʾʰ,̩ ɦ ˋˍˊʽˇʽΣ ʰˊʴʽ˂ʽˁʱ ˇˊˎˁˍʱ ˁʰʽ 

˃ʰˊ˃ʰˊˎʴʾʰΦ̩ ʆˇ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ˉˎˊʽˍʾˇˎ ʶʾ˄ʰʽ ʷ˄ʰ ˁˇʽ˄ˈ 

ˋˎˋˍʰˍʽˁˈ ˍʹˌ ˋˁˈ˄ʹˌΣ ˉˇˎ ˎˉʱˊ˔ʶʽ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˁˊˎˋˍʰ˂˂ʽˁˇˏ 

ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ˉˎˊʽˍʾˇˎ όˉΦ˔Φ ˔ʰ˂ʰʸʾʰύΣ ʶ˄˗ ˍˇ ˁˇˁˁʽ˄˖ˉˈ ˔ˊ˗˃ʰ 

ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʰ ˋʽʵʹˊˇˏ˔ʰ ˋˎˋˍʰˍʽˁʱ ˍʹˌΦ 

ʁˊʴʰ˄ʽˁʺ ˏ˂ʹ 

ɶ ʁˊʹ˃ʽˁʺ ˋˁˈ˄ʹ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʷ˔ʶʽ ˇˊʴʰ˄ʽˁʺ ˏ˂ʹΣ ʹ ˇˉˇʾʰ 

ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˒ˎˍʽˁ ɦˎ˂ʽˁΣɦ ˃ʽˁˊˇʲʽʰˁʷ ̩ʺ ʰ˄ʻˊ˖ˉˇʴʶ˄ʶʾˌ 

ʵˊʰˋˍʹˊʽˈˍʹˍʶ.̩ 

ɯ˂ʰˍʰ 

ʅ˖˃ʰˍʾʵʽʰ ʰ˂ʰˍʽˇˏΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ˇˎ ˔˂˖ˊʽˇˏ˔ˇˎ ˄ʰˍˊʾˇˎ 

ˁʰʽ ʱ˂˂˖˄ ʰ˂ʱˍ˖˄Σ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ ˋˁˈ˄ʹΣ ʽʵʾ˖ˌ ˋʶ 

ˉʶˊʽˇ˔ʷˌ ˃ʶ h˂ʰˍˇˏ˔ʰ ʶʵʱ˒ʹ ʺ ʰ˂ˎˁʷˌΦ 

ɹ˔˄ˇˋˍˇʽ˔ʶʾʰ ˁʰʽ ˊˏˉˇʽ 

ɶ ˋˁˈ˄ʹ ˍʹˌ ʶˊʺ˃ˇˎ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰ˒ʷˊʶʽ ʽ˔˄ˇˋˍˇʽ˔ʶʾʰ ˁʰʽ 

ˊˏˉˇˎˌ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˁʰʽ 

ʶˊʴʰˋʾʶˌ ʶ˅ˈˊˎ˅ʹˌΦ ʆʰ ˋ˖˃ʰˍʾʵʽʰ ˍʹˌ ˋˁˈ˄ʹˌ ʶ˃ˉ˂ˇˎˍʾʸˇ˄ˍʰʽ ˃ʶ 
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ʻʶʽʽˁʱ ˋˍˇʽ˔ʶʾ h ˈˍʰ˄ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˉʱ˄˖ ʰˉˈ ˉʶˊʽˇ˔ʷˌ ˃ʶ 

ˋʹ˃ʰ˄ˍʽˁʺ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ. 

1.2.2.2 ɾʹ˔ʰ˄ʽˋ˃ˇʾ ʶˁˉˇ˃ˉʺˌ ˋˁˈ˄ʹˌ 

ʁʽ ̡h ˋʽˁˇʾ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˋʹˁ˗ˋˇˎ˄ ˍʹ ˋˁˈ˄ʹ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʵʽʰ˔˖ˊʽˋˍˇˏ˄ ˋʶ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ό{Ƙŀƻ Ŝǘ ŀƭΦ, нлммύΥ ˍʹ˄ ʱ˃ʶˋʹ ˉʰˊʰˋˏˊʶˋʹ ˍ˖˄ 

ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ʰˉˈ ˍˇ˄ ʱ˄ʶ˃ˇΣ ˍʹ˄ ʰ˄ʰˉʺʵʹˋʹ ˁʰʽ ˍˇ˄ ʵʽʰ˔˖ˊʽˋ˃ˈΣ ˃ʶ ˍˇˎˌ ʵˏˇ ˍʶ˂ʶˎˍʰʾˇˎˌ ˄ʰ 

ʰˉˇˍʶ˂ˇˏ˄  ˍˇˎˌ ˁˎˊʾʰˊ˔ˇˎˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ̩ˉˇˎ ˅ʶˁʽ˄ˇˏ˄ ˁʰʽ ʰ˄ʰˉˍˏˋˋˇˎ˄ ˍʰ ˃ʶʴʱ˂ʰ ʷ˄ˍˇ˄ʰ 

ʴʶʴˇ˄ˈˍʰ ˋˁˈ˄ʹˌ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˃ʶ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

ɸʶ˖ˊʹˍʽˁʱΣ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˈ˂˖˄ ˍ˖˄ ˃ʶʴʶʻ˗˄ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˋʹˁ˖ʻˇˏ˄ ʰʶˊˇʵˎ˄ʰ˃ʽˁʱ 

ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˃ʶ ˍʹ ʵˏ˄ʰ˃ʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˉˇˎ ˍʰ ʶˉʹˊʶʱʸʶʽΣ ʰ˄ ˁʰʽ ˋˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˋˉʱ˄ʽʰ ˋˎ˃ʲʰʾ˄ʶʽ ʴʽʰ ˋ˖˃ʰˍʾʵʽʰ ˃ʶ ʵʽʱ˃ʶˍˊˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ 

60 ˃ ƳΦ 

ɶ h˄ʰˉʺʵʹˋʹ (ʰ˃˃ˇʲˇ˂ʺ),  ̋ʰ˂˂ʽ˗ˌ ʲˇ˃ʲʰˊʵʽˋ˃ˈˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʹ ʰ˄ʰˉʹʵˇˏˋʰ ˁʾ˄ʹˋʹ ˍ˖˄ 

ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˃ʶ ˃̫ ʴʶʻˇˌ ˉˇˎ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ 60 ˃Ƴ ˁʰʽ млл ˃ƳΣ ˁʰˍʱ ˍʹ˄ 

ʵʽʱˊˁʶʽʰ ˍʹˌ ʵʽʱʲˊ˖ˋʹˌ (Shao, 2009). ʆʰ ˃ʶʴʰ˂ˏˍʶˊʰ ˋʶ ˃ʷʴʶʻˇˌ ˋ˖˃ʰˍʾʵʽʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˃ʽʰ 

ʷˊˉˇˎˋʰ ˁʾ˄ʹˋʹ ˋˍˇ ʷʵʰ˒ˇˌΣ ʶ˄˗ ˍʰ ˃ʽˁˊˈˍʶˊʰ ʰˉˇ˃ʰˁˊˏ˄ˇ˄ˍʰʽ ˃ ʁˁʰˍʰˁˈˊˎ˒ʹ ˁʾ˄ʹˋʹ ʰˉˈ ˍˇ 

ʷʵʰ˒ˇˌ ˁʰʽ ˋˎ˄ʶ˔ʾʸˇˎ˄ ˃ʽʰ ʲʰ˂˂ʽˋˍʽˁʺ ˍˊˇ˔ʽʱ ˉˊˇˌ ʰˎˍ̍ (Shao, 2009; Kok and Renno, 2009). ɮˎˍˈ 

ʷ˔ʶʽˌ ˖ˌ h̄ ˇˍʷ˂ʶˋ˃ʰ, ˁʰˍʱ ˍʹ˄ ˉˊˈˋˁˊˇˎˋʹ ˍˇˎˌ ˄ hʵʽʰˋˉˈ˄ˍʰʽ ˋ ʁ˃ʽˁˊˈˍʶˊʰ ˋ˖˃ʰˍʾʵʽʰ όғсл˃m), 

ʶ˄˗ ˋ˖˃ʰˍʾʵʽʰ ˉˇˎ ʵʽʰˍʹˊˇˏ˄ ˍˇ h́ ˔ʽˁˈ ˍˇˎˌ ˃ʷʴʶʻˇˌ (60-млл ˃m) ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ʾʵʽʰ 

ʵʽʰʵʽˁʰˋʾʰ. ʁʽ ʵʽʶˊʴʰˋʾʶˌ ˍʹˌ ʰ˄ʰˉʺʵʹˋʹˌ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ˍʷˋˋʶˊʰ ˋˍʱʵʽʰ (Anderson and Haff, 1991; 

Kok and Renno, 2009; Kok et al., 2012):  

1. ɶ ʰʶˊˇʵˎ˄ʰ˃ʽˁʺ ʰ˄ˏ˕˖ˋʹ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ 

2. ˇʽ ˍˊˇ˔ʽʷˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ 

3. ʹ ˉˊˈˋˁˊˇˎˋʹ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ̀ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ  

4. ʹ ˍˊˇˉˇˉˇʾʹˋʹ ˍˇˎ ˉʶʵʾˇˎ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋˍˇ ˋˍˊ˗˃ʰ ʰ˄ʰˉʺʵʹˋʹˌ ˂ˈʴ˖ ˍʹˌ 

ʰ˄ˍʾˋˍʰˋʹˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄Φ 

ɴ˄ʰˌ ˉʰˊˈ˃ˇʽˇˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌΣ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ ʵʽʰ˔˖ˊʽˋ˃ˈˌ Σ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˃ʶ ˍˇˎˌ ˃ʽˁˊˈˍʶˊˇˎˌ 

ˁˈˁˁˇˎˌ ˋˁˈ˄ʹˌ ˉˇˎ ˋˎˋˋ˖ˊʶˏˇ˄ˍʰʽ ˃ʶˍʱ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʰ˄ʰˉʺʵʹˋʹˌ (ʅ˔ʺ˃ʰ 1.6ʴύΦ ʅʶ ʰˎˍʺ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍ hˋˎˋˋ˖ˊʶˎ˃ʷ˄ hˋ˖˃ʰˍʾʵʽʰ ˁʰˍʱ ˍʹ ˋˍʽʴ˃ʺ ˍʹˌ ˉˊˈˋˁˊˇˎˋʹˌ ʵʽʰˋˉˈ˄ˍʰʽ ˃ˈ˄h ˍ̌ ˎ ˋʶ 

ʶˉʽ˃ʷˊˇˎˌ ˋˎˋˋ˖ˊʶˎ˃ʷ˄ˇˎˌ ˁˈˁˁˇˎˌ ˋˁˈ˄ʹˌ ʰˁ˂ˇˎʻ˗˄ˍʰˌ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˃ʽʰ ˉˇˊʶʾʰ ˉˊˇˌ ˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ. 
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ʅ˔ʺ˃ʰ 1.6 ɾʹ˔ʰ˄ʽˋ˃ˇʾ ʶˁˉˇ˃ˉʺˌ ˋˁˈ˄ʹˌ όˉʹʴʺΥ Shao et al., 2011) 

1.2.2.3 ɾʶˍʰ˒ˇˊʱ ̀ ˁˈ˄ʹˌ 

ɮˉˈ ˍˇ˄ мт ̌ʰʽ˗˄ʰ ˁʰʽ ˃ʶˍʱΣ ˇʽ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ʰˋ˔ˇ˂ʺʻʹˁʰ˄ ˃ʶ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ˉʰʴˁˈˋ˃ʽʰˌ 

˃ʶˍʰ˒ˇˊʱˌ ˋˁˈ˄ʹˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ ɾʶˍʱ ʰˉˈ ʶˁˍʶˍʰ˃ʷ˄ʶˌ ˋˎʸʹˍʺˋʶʽˌΣ ˋˍʰ ˍʷ˂ʹ ˍˇˎ мфˇ ˎʰʽ˗˄ʰΣ 

ˁʰˍʷ˂ʹ˅ʰ˄ ˋˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˉ˖ˌ ʹ ʶˁˉˇ˃ˉʺ ˋˁˈ˄ʹˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇˎˌ ʽˋ˔ˎˊˇˏˌ 

ʰ˄ʷ˃ˇˎˌ ˉˇˎ ˉ˄ʷˇˎ˄ ˉʱ˄˖ ʰˉˈ ˅ʹˊʷˌ ˁʰʽ ʰ˃˃˗ʵʶʽˌ ˉʶˊʽˇ˔ʷˌΦ ɼʰˍʱ ˍʽˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ 

ʶˎ˄ˇˇˏ˄ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˋˁˈ˄ʹˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΣ ʰˎˍʺ ʰ˄ʶʲʰʾ˄ʶʽ ˋˍʹ˄ ʶ˂ʶˏʻʶˊʹ ˍˊˇˉˈˋ˒ʰʽˊʰ ˁʰʽ 

˃ʶˍʰ˒ʷˊʶˍʰʽ ˋʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍʹˌ ʴʶ˄ʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ 

(Griffin et al., 2001). 

ʅˏ˄ʹʻʶˌ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˁʰˍʱ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˋˁˈ˄ʹˌ ˋʶ ˃ʶʴʱ˂ʹ ˁ˂ʾ˃ʰˁʰ ʰˉˇˍʶ˂ʶʾ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ˍʰ 

˃ʶʴʰ˂ˏˍʶˊʰ ˋ˖˃ʰˍʾʵʽʰ ʵʶ˄ ˁʰˍʰ˒ʷˊ˄ˇˎ˄ ˄ʰ ˍʰ˅ʽʵʷ˕ˇˎ˄ ҡʰˁˊʽ˄ʷˌ ʰˉˇˋˍʱˋʶʽˌ ˂ˈʴ˖ ˍʹˌ ʲʰˊˏˍʹˍʰˌ. 

ɾˈ˄ˇ ʷ˄ʰ ˉˇ˂ˏ ˃ʽˁˊˈ ˉˇˋˇˋˍˈ ˋˁˈ˄ʹˌ ʶʾ˄ʰʽ ˍˈˋˇ ʷ˔ʶʽ ˍˈˋˇ ˃ʽˁˊˈ ˃ʷʴʶʻˇˌ ˗ˋˍʶ ˄ʰ ˉʰˊʰ˃ʷ˄ʶʽ 

ˋ˔ʶʵˈ˄ ˉʱ˄ˍʰ ʰʽ˖ˊˇˏ˃ʶ˄ˇ ̱̀ ˇ˄ ʰʷˊʰΦ ʆʰ ˋ˖˃ʰˍʾʵʽʰ ˃ʶ ˍˈˋˇ ˃ʽˁˊˈ ˃ʷʴʶʻˇˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰ˂ˏ˕ˇˎ˄ 

ˋʹ˃ʰ˄ˍʽˁʷˌ ʰˉˇˋˍʱˋʶʽˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˍʹˌ ˉʹʴʺˌ ˉˊˇʷ˂ʶˎˋʺˌ ˍˇˎˌ 

ʽʵʽʰʾˍʶˊʰ ʵˏˋˁˇ˂ʹ. ɶ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˍʹˌ ʶ˄ʰʽ˗ˊʹˋʺˌ ˍʹˌ ˋˁˈ˄ʹˌΣ ˁ ʰʻ˗ˌ ˁʰʽ ʹ ʰˉˈˋˍʰˋʹ ˍ́  ˄̌ ˉˇʾʰ 

ʵʽʰ˄ˏʶʽ ʶ˅ʰˊˍʱˍʰʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ʰˉˈ ˍʹ˄ ˎʴˊʰˋʾʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˁʰʽ ˍʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍʹˌ ˋʶ 

ʲˊˇ˔ʺ. ɮ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ˉ˖ˌ ʹ ˁʾ˄ʹˋʹ ˍʹˌ ʰʽ˖ˊˇˏ˃ʶ˄ʹˌ ˋˁˈ˄ʹˌ ˋˎ˄ʵʷʶˍʰʽ ˋˍʶ˄ʱ ˃ʶ ˍˇ˄ ˁˏˁ˂ˇ ˍˇˎ 

˄ʶˊˇˏΦ ʁ ˔ˊˈ˄ˇˌ ˉʰˊʰ˃ˇ˄ʺˌ ˍˇˎ ˄ʶˊˇˏ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˍʹˌ ˋˁˈ˄ʹˌΦ ʅʶ 

ˉʶˊʽˇ˔ʷˌ ҡʶ ˃ʽˁˊˈ ˔ˊˈ˄ˇ ˉʰˊʰ˃ˇ˄ʺˌ ˍˇˎ ˄ʶˊˇˏΣ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ˃ʽˁˊʷˌ ˍʽ˃ʷˌ 

ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˋˁˈ˄ʹˌ ˂ˈʴ˖ ˍʹˌ ˎʴˊʺˌ ʶ˄ʰˉˈʻʶˋʹˌ όˎˉˇˁʶ˒ʱ˂ʰʽˇ 1.2.2.4). 
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ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍʹ˄ ʷˊʹ˃ˇ ʅʰ˔ʱˊʰΣ ˉˇˎ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˉʰˊʰˉʱ˄˖ ʶʾ˄ʰʽ ˁʰʽ ʹ ˁˏˊʽʰ ˉʹʴʺ 

ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌΣ ʹ ˃ʶˍʰ˒ˇˊʱ ˋˁˈ˄ʹ ̩˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʽˋ˔ˎˊ˗˄ ˁʰˍʰʽʴʾʵ˖˄Σ ˈˍʰ˄ 

ˍʰ ˋˏ˄˄ʶ˒ʰ ˋˁˈ˄ʹˌ ˍʹˌ ʶˊʺ˃ˇˎ ʰˉˇˁˍˇˏ˄ ˋ˔ʺ˃ʰ ʴʽʴʰ˄ˍʽʰʾ˖˄ ζ˒ˍʶˊ˗˄η ˉˇˎ ˁʰ˂ˏˉˍˇˎ˄ ˋʶ ʷˁˍʰˋʹ ˍʹ 

ɾʶˋˈʴʶʽˇ ʻʱ˂ʰˋˋʰ ˁʰʽ ˃ʶʴʱ˂ʶˌ ʶˁˍʱˋʶʽˌ ʵˎˍʽˁʱ ˍʹˌ ɮ˒ˊʽˁʺˌΦ ʆʰ ˋˏ˄˄ʶ˒ʰ ʰˎˍʱ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ 

ʶ˄ˍˇˉʽˋˍˇˏ˄ ˋʶ ʰˉˇˋˍʱˋʶʽˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍ˖˄ мллл km ʰˉˈ ˍʹ˄ ˉʹʴʺ ˉˊˇʷ˂ʶˎˋʺˌ ˍˇˎˌΦ ɶ ˋˁˈ˄ʹ ˍʹˌ 

ʅʰ˔ʱˊʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˁʰˍʱ ˃ʺˁˇˌ ˍˊʽ˗˄ ʵʽʶˎʻˏ˄ˋʶ˖˄Υ 

1. ʃˊˇˌ ˍʰ ʵˎˍʽˁʱ ˉʱ˄˖ ʰˉˈ ˍˇ ˄ɰ. ɮˍ˂ʰ˄ˍʽˁˈ ʍˁʶʰ˄ˈΥ ɳ˃˒ʰ˄ʾʸʶˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ 

ˁʰ˂ˇˁʰʽˊʽˇˏ ˈˍʰ˄ ˅ʶˋˉˇˏ˄ ʻʶˊ˃ʽˁʷˌ ˁʰˍʰʽʴʾʵʶˌ ˃ʶ ʷ˄ˍˇ˄ʰ ʰ˄ˇʵʽˁʱ ˊʶˏ˃ʰˍʰ ˋˍʹ ɲΦ 

ɮ˒ˊʽˁʺΣ ˁʰʽ ˍˇˎ ʶˁˍʶˍʰ˃ʷ˄ˇˎ ʰ˄ˍʽˁˎˁ˂˗˄ʰ ˍ˖˄ ɮʸˇˊ˗˄ (Carlson and Prospero, 1972). 

2. ʃˊˇˌ ˍʰ ʲˈˊʶʽʰ ˉʱ˄˖ ʰˉˈ ˍʹ ɾʶˋˈʴʶʽˇ ɸʱ˂ʰˋˋʰΥ ʆʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ 

ʰˉˈ ˍʹ ɿ. ɮ˂ʴʶˊʾʰ ˁʰʽ ˍʹ ɲ. ʅʰ˔ʱˊʰ-ɿ. ɾʰˊˈˁˇ ˉˊˇˌ ˍʹ ɲΦ ɳˎˊ˗ˉʹ ˃ʷˋ˖ ˎʴˊʺˌ 

ʶ˄ʰˉˈʻʶˋʹˌ (Molinaroli, 1996). ɶ ˋˁˈ˄ʹ ˉˇˎ ˒ʻʱ˄ʶʽ ˋˍʹ ɲΦ ɳˎˊ˗ˉʹ ʰˁˇ˂ˇˎʻʶʾ ˃ʾʰ ˃ʶʴʱ˂ʹ 

ʵʽʰʵˊˇ˃ʺ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ʵˎˍʽˁʱ ˉˊˇˌ ˍˇ˄ ɮˍ˂ʰ˄ˍʽˁˈ, 

ʰˁˇ˂ˇˎʻˇˏ˃ʶ˄ʰ ʰˉˈ ˃ʾh ʲˈˊʶʽʰ ˁʰʽ ˃ʾʰ ʰ˄ʰˍˇ˂ʽˁʺ ˊˇʺ ʰ˄ʷ˃ˇˎΦ ɶ ˃ʶˍʰ˒ˇˊʱ ˍʹˌ ˋˁˈ˄ʹˌ 

ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍ˖˄ ˔ʰ˃ʹ˂˗˄ ˉʽʷˋʶ˖˄ ˋˍʽˌ ɰʰ˂ʶʰˊʾʵʶˌ ˄ʺˋˇˎˌ. 

3. ʆ˖˄ ʰ˄ʰˍˇ˂ʽˁ˗˄ ˍˊˇ˔ʽ˗˄ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ɼΦ-ɮΦ ɾʶˋˈʴʶʽˇ: ɾʶˍʰ˒ˇˊʱ ˍʹˌ ˋˁˈ˄ʹ ̩ˍʹ˄ 

ʱ˄ˇʽ˅ʹ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ˁˎˁ˂˗˄˖˄ Sharav ˉˇˎ ˁʽ˄ˇˏ˄ˍʰʽ ˉˊˇˌ ˍʰ ʰ˄ʰˍˇ˂ʽˁʱ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ɰΦ 

ɮ˒ˊʽˁʺˌ, ˁʰʽ ˍˇ ˁʰ˂ˇˁʰʾˊʽ ˈˍʰ˄ ˇ̔  ˎ˕ʹ˂ʷˌ ˉʽʷˋʶʽˌ ˉʱ˄˖ ʰˉˈ ˍʹ ɽʽʲˏʹ ʶ˃ˉˇʵʾʸˇˎ˄ ˍʹ˄ 

ʰ˄ʰˍˇ˂ʽˁʺ ʵʽʱʵˇˋʹ ˍ˖˄ ˁˎˁ˂˗˄˖˄ ˁʰʽ ʹ ˃ʶˍʰ˒ˇˊʱ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍʹ˄ ɼΦ ɾʶˋˈʴʶʽˇ (Kubilay 

et al., 2003). 

ʁ˃ˇʾ˖ˌΣ ˁʰʽ ʹ ʷˊʹ˃ˇˌ ɱˁˈ˃ˉʽΣ ʹ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˋˍʹ ɰΦ ɼʾ˄ʰ ˁʰʽ ˍʹ ɿΦ ɾˇʴʴˇ˂ʾʰ, ʁ ʾ˄ʰʽ ʴ˄˖ˋˍʺ ʴʽʰ 

ˍʹ ˋʹ˃ʰ˄ˍʽˁʺ ˋˎ˃ʲˇ˂ʺ ˍʹˌ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌΦ ʁʽ ʶˉʽˁˊʰˍˇˏ˄ˍʶˌ ʱ˄ʶ˃ˇʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʶˊʺ˃ˇˎ 

ɱˁˈ˃ˉʽΣ ˈˉ˖ˌ ˇʽ ʵˎˍʽˁˇʾ ʱ˄ʶ˃ˇʽ ˁʰʽ ˇʽ ʱ˄ʶ˃ˇʽ ˍ˖˄ ˃ˇˎˋ˗˄˖˄Σ ˉʰʾʸˇˎ˄ ˁʰʻˇˊʽˋˍʽˁˈ ˊˈ˂ˇ ˋˍʹ 

˃ʶˍʰ˒ˇˊʱ ˍʹˌ ˋˁˈ˄ʹˌ. ɶ ˃ʶˍʰ˒ˇˊʱ  ˍʹˌ ˋˁˈ˄ʹˌ ʰˉˈ ˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ 

ˍˈˋˇ ˋʶ ˃ʽˁˊʷˌ (ɰΦ ɼʾ˄h Σ ɾˇʴʴˇ˂ʾʰ ˁʰʽ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ɮΦ ʄ˖ˋʾʰˌ) ˈˋˇ ˁʰʽ ˋʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌ. ɶ 

˃ʶˍʰ˒ˇˊʱ ˍʹˌ ʶˊʹ˃ʽˁʺˌ ˋˁˈ˄ʹ ʰˉˈ ˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˉʰˊˇˎˋʽʱʸʶʽ ʶˉˇ˔ʽʰˁʺ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰΦ ɼʰˍʱ ˍʹ 

ʵʽʱˊˁʶʽʰ ˍʹˌ ʱ˄ˇʽ˅ʹˌΣ ʽˋ˔ˎˊˇʾ ʱ˄ʶ˃ˇʽ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˁʰˍʰʽʴʾʵʶˌ ˋˁˈ˄ʹˌΣ ʴ˄˖ˋˍʷˌ ˖ˌ «ˁʰˍʰʽʴʾʵʶˌ 

ˋˁˈ˄ʹˌ» ʺ «ˁʾˍˊʽ˄ʶˌ ˁʰˍʰʽʴʾʵʶˌ ˋˁˈ˄ʹˌ»Σ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰ˒ʷˊˇˎ˄ ˍʶˊʱˋˍʽʶˌ ˉˇˋˈˍʹˍʶˌ ˋ˖˃ʰˍʽʵʾ˖˄ 

ˋˁˈ˄ʹˌ ʰˉˈ ˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˉˊˇˌ ˍʹ˄ ɮΦ ɮˋʾʰΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˍʹˌ ɼˇˊʷʰˌ ˁʰʽ ˍʹˌ ɹʰˉ˖˄ʾʰˌ 

(BBC, 2023). 

1.2.2.4 ʀʹˊʺ ˁ ʰʽ ˎɹ ˊʺ ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌ 

ɶ ʁ˄ʰˉˈʻʶˋʹ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˍʹˌ ˋˁˈ˄ʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʵˏ̌  ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌΥ ʶ˄ʰˉˈʻʶˋʹ 

ˍˇˎˌ ʰˉʶˎʻʶʾʰˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ό˅ʹˊʺ ʶ˄ʰˉˈʻʶˋʹύ ʺ ʶ˄ˋ˖˃ʱˍ˖ˋʺ ˍˇˎˌ ˋ ʁˋˍʰʴˇ˄ʾʵʽʰ 

˄ʶ˒˗˄ ˁʰˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰˍʰˁˊʹ˃˄ʾˋʶ˖˄ όˎʴˊʺ ʶ˄ʰˉˈʻʶˋʹύΦ 

ɶ ˅ʹˊʺ ʶ˄ʰˉˈʻʶˋʹ ʶʾ˄ʰʽ ʹ ˃ʶˍʰ˒ˇˊʱ ʰʷˊʽ˖˄ ˁʰʽ ˋ˖˃ʰˍʽʵʽʰˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ʰˉˈ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ 

ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˔˖ˊʾˌ ˄ʰ ˎˉʱˊ˔ʶʽ ˁʰˍʰˁˊʺ˃˄ʽˋʹΦ ɶ ˅ʹˊʺ ʶ˄ʰˉˈʻʶˋʹΣ ˋˎ˄ʵʷʶˍʰʽ ˁˎˊʾ˖ˌ 

˃ʶ ˍˇ ʲʱˊˇˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ˁʰʽ ˍʽˌ ʵʽʰʵʽˁʰˋʾʶˌ ʲʰˊˎˍʽˁʺˌ ˁʰʻʾʸʹˋʹˌΣ ˍʹˌ ˍˎˊʲ˗ʵˇˎˌ 

ʰ˄ʱ˃ʽ˅ʹˌ ˁʰʽ ˍʹˌ ʵʽʱ˔ˎˋʹˌ ˁʰˍʱ .Ǌƻǿƴ όCƻǊŜǘ Ŝǘ ŀƭΦ, 2006)Φ ɶ ˅ʹˊʺ ʶ˄ʰˉˈʻʶˋʹ ˁˎˊʽʰˊ˔ʶʾ ˁˎˊʾ˖ˌ ˋˍʰ 

˔ˇ˄ʵˊˈˁˇˁˁʰ ˋ˖˃ʰˍʾʵʽʰ ˁʰʽ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˁˇ˄ˍʱ ˋˍʹ˄ ʷˊʹ˃ˇ. ɼʰʻ˗ˌ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ, 

˔ʱ˄ˇˎ˄ ˍʹ˄ ʰ˄ˇʵʽˁʺ ˍˇˎˌ ˇˊ˃ʺ ˁʰʽ ˁʰˍʰˁʱʻˇ˄ˍʰʽ ˋʶ ˉˇʽˁʾ˂ʶˌ ʶˉʽ˒ʱ˄ʶʽʶˌΦ ɶ ˅ʹˊʺ ʶ˄hˉˈʻʶˋʹ 
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ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ʵʽʱ˒ˇˊˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ˈˉ˖ˌ ˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌΣ 

ʹ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ʹ ˁʰˍʶˏʻˎ˄ˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˎˉˇʵˇ˔ʺˌ (Seinfeld 

and Pandis, 1998)Φ ʆʰ ˃ʶʴʰ˂ˏˍʶˊʰ ˁʰʽ ˉˎˁ˄ˈˍʶˊʰ ˋ˖˃ʰˍʾʵʽʰ ˁʰʻʽʸʱ˄ˇˎ˄ ˍʰ˔ˏˍʶˊʰ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ 

˃ʽˁˊˈˍʶˊʰ ˁʰʽ ʶ˂ʰ˒ˊˏˍʶˊʰ ˋ˖˃ʰˍʾʵʽʰΦ ʁʽ  ʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʶ ˍˊʰ˔ʽʱ ˎ˒ʺ ʺ ʹ˂ʶˁˍˊˇˋˍʰˍʽˁʱ ˒ˇˊˍʾʰ 

˃ˉˇˊˇˏ˄ ˄ʰ ʶ˄ʽˋ˔ˏˋˇˎ˄ ˍʹ˄ ʰˉˈʻʶˋʹ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌΣ ʶ˄˗ ˇʽ ˒ˎˋʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌΣ ˈˉ˖ˌ 

ʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʶ ʲ˂ʱˋˍʹˋʹ ˋˎ˄ʺʻ˖ˌ ʶˎ˄ˇˇˏ˄ ˍʹ˄ ˅ʹˊʺ ʶ˄ʰˉˈʻʶˋʹ όSeinfeld and Pandis, 1998). ɶ ˅ʹˊʺ 

ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ ˋˎˋˋ˗ˊʶˎˋʹ ˋˁˈ˄ʹˌ ˋˍʽˌ ʶˉʽ˒ʱ˄ʶʽʶˌΣ ˇʵʹʴ˗˄ˍʰˌ ˋʶ 

˃ʶʾ˖ˋʹ ˍʹˌ ˇˊʰˍˈˍʹˍʰˌΣ ˊˏˉʰ˄ˋʹ ˍ˖˄ ˎˉˇʵˇ˃˗˄ ˁʰʽ ˎˉˇʲʱʻ˃ʽˋʹ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˍˇˎ ʰʷˊʰΦ ɴ˔ʶʽ ˍʹ˄ 

ʽˁʰ˄ˈˍʹˍʰΣ ʶˉʾˋʹˌΣ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍʰ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰ ˃ʶ ˍʹ˄ ʶ˄ʰˉˈʻʶˋʹ ʻˊʶˉˍʽˁ˗˄ ˇˎˋʽ˗˄ ʺ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˊˏˉ˖˄ ˋˍʹ ʲ˂ʱˋˍʹˋʹ ˁʰʽ ˍˇ ʷʵʰ˒ˇˌΣ ʶˉʹˊʶʱʸˇ˄ˍʰˌ ˍˇ˄ ˁˏˁ˂ˇ ˍ˖˄ ʻˊʶˉˍʽˁ˗˄ ˇˎˋʽ˗˄ 

ˁʰʽ ˍʹ˄ ˉʰˊʰʴ˖ʴʽˁˈˍʹˍʰ ˍ˖˄ ˒ˎˍ˗˄Φ 

ɶ ˎʴˊʺ ʶ˄ʰˉˈʻʶˋʹ ʶʾ˄ʰʽ ʹ ˒ˎˋʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˏ˂ʹ ʰ˒ʰʽˊʶʾˍʰʽ ˃ʶ ˍˇ˄ ˎʶˍˈ 

όʲˊˇ˔ʺΣ ˔ʽˈ˄ʽΣ ˋˍʰʴˈ˄ʶˌ ˇ˃ʾ˔˂ʹˌύ ʰˉˈ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˁʰʽ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʹˌΦ ɶ 

ˎʴˊʺ ʶ˄hˉˈʻʶˋʹ ˋ˔ʶˍʾʸʶˍʰʽ ʶʾˍʶ ˃ʶ ˍʽˌ ʵʽʶˊʴʰˋʾʶˌ ʶ˄ˍˈˌ ˍˇˎ ˄ʷ˒ˇˎˌΣ ˈˉˇˎ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ 

ʵˊˇˎ˄ ˖ˌ ̄ˎ ˊʺ˄ʶˌ ˋˎ˃ˉˏˁ˄˖ˋʹˌ όʲˊˇ˔ˈˉˍ˖ˋʹύ ʶʾˍʶ ˃ʶ ʵʽʶˊʴʰˋʾʶˌ ˈˉˇˎ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ 

ʲˊʾˋˁˇ˄ˍʰʽ ˁʱˍ˖ ʰˉˈ ʷ˄ʰ ˁʰˍʰˁˊʹ˃˄ʽˋ˃ʷ˄ˇ ˋˏ˄˄ʶ˒ˇ, ˈˉ˖ˌ ˇʽ ˋˎʴˁˊˇˏˋʶʽˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˃ʶ ˍʰ 

ˋˍʰʴˇ˄ʾʵʽʰ (Chate and Pranesha, 2004). ɶ ʷ˄ˍʰˋʹ ˍʹˌ ˎʴˊʺˌ ʶ˄hˉˈʻʶˋʹˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˉˇʽˁʾ˂ˇˎˌ 

ˉʰˊʱʴˇ˄ˍʶˌΣ ˈˉ˖ˌ ˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄Σ ʹ ʷ˄ˍʰˋʹ ˁʰʽ ʹ ʵʽʱˊˁʶʽʰ ˍʹˌ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍʹˌ ʵʷˋ˃ʶˎˋʹˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ʰˉˈ ˍʽˌ ˋˍʰʴˈ˄ʶˌ ʺ ˍˇˎˌ 

ˉʰʴˇˁˊˎˋˍʱ˂˂ˇˎˌ ˉˇˎ ˉʷ˒ˍˇˎ˄Φ ɶ ˎʴˊʺ ʶ˄ʰˉˈʻʶˋʹ ˍʹˌ ˋˁˈ˄ʹˌ ˁˎˊʽʰˊ˔ʶʾ ˁˎˊʾ˖ˌ ˋʶ ˂ʶˉˍˈˁˇˁˁʰ 

ˋ˖˃ʰˍʾʵʽʰ ˍʰ ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰ˒ʶˊʻˇˏ˄ ˋʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌ ʰˉˈ ˍʹ˄ ˉʹʴʺ ˉˊˇʷ˂ʶˎˋʹˌ 

ˍˇˎˌ (Seinfeld and Pandis, 1998). ʆʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˉˇˎ ʷ˔ˇˎ˄ ʵʽʰ˄ˏˋʶʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˇˋˍʱˋʶʽˌ 

ʶʾ˄ʰʽ ˉʽʻʰ˄ˈˍʶˊˇ ˄ʰ ˎˉˇˋˍˇˏ˄ ˎʴˊʺ ʶ˄hˉˈʻʶˋʹ ˁʰʻ˗ˌ ˋˎ˄ʰ˄ˍˇˏ˄ ˋˎˋˍʺ˃ʰˍʰ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʁ 

ˍˏˉˇˌ ˍˇˎ ˁʰˍʰˁˊʹ˃˄ʾˋ˃ʰˍˇˌ όʲˊˇ˔ʺΣ ˔ʽˈ˄ʽΣ ˔ʰ˂ʱʸʽύ ˁʰʽ ʹ ʷ˄ˍʰˋʺ ˍˇˎ ̄h ʾʸˇˎ˄ ˊˈ˂ˇ ˋˍʹ˄ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍʹˌ ʵʷˋ˃ʶˎˋʹˌ ˁʰʽ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ ʰˉˈ ˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰΦ ʆʰ ʲʰˊˏˍʶˊʰ ʺ ˉʽˇ ʷ˄ˍˇ˄ʰ ʴʶʴˇ˄ˈˍʰ ˁʰˍʰˁˊʺ˃˄ʽˋʹˌ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ 

ˋˍʹ˄ ˎʴˊʺ ʰˉˈʻʶˋʹ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ ʶ˂ʰ˒ˊˏˍʶˊʰ ˁʰˍʰˁˊʹ˃˄ʾˋ˃ʰˍʰΦ ʅˎ˄ʶˉ˗ˌΣ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ˍʹˌ ʶ˄ʰˉˈʻʶˋʹˌ ˋˁˈ˄ʹˌ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˋʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ̩ˇ 

ʰˁˊʽʲʺˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍˇˎ ˔˖ˊˇ˔ˊˇ˄ʽˁˇˏ ˉʶʵʾˇˎ ˍˇˎ ˁʰˍʰˁˊʹ˃˄ʾˋ˃ʰˍˇˌ. ɶ ˎʴˊʺ ʶ˄hˉˈʻʶˋʹ ˉʰʾʸʶʽ 

ˁʰʻˇˊʽˋˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ˉˇʽˈˍʹˍʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ʰˉˇ˃ʰˁˊˏ˄ˇ˄ˍʰˌ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˁʰʽ ˍˇˎˌ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏˌ ˊˏˉˇˎˌΦ 

 

ʅ˔ʺ˃ʰ 1.7Υ ʅ˔ʹ˃ʰˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʶ˄ʰˉˈʻʶˋʹˌ ˋˁˈ˄ʹˌ όˉʹʴʺΥ Knippertz, 2014). 
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1.2.2.5 ɳˉʽʵˊʱˋʶʽˌ ˋˁˈ˄ʹˌ ˋˍˇ ˁ˂ʾ˃ʰ ˁʰʽ ˍ ̌̄ ʶˊʽʲʱ˂˂ˇ˄ 

ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˉ˖ˌ ́  ʁˁ ˉˇ˃ˉʺΣ ʹ ˃ʶˍʰ˒ˇˊʱ ˁʰʽ ʹ ʶ˄ʰˉˈʻʶˋʹ ˍʹˌ ʶˊʹ˃ʽˁʺˌ ˋˁˈ˄ʹˌ 

ʰˉˇˍʶ˂ˇˏ˄ ˉˇ˂ˏˉ˂ˇˁʶˌ ʵʽʶˊʴʰˋʾʶˌ ˇʽ ˇˉˇʾʶˌ ʶˉʹˊʶʱʸˇ˄̱ʰʽ ʰˉˈ ˉˇʽˁʾ˂ˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌΦ ɶ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˁʰʽ ʹ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʵʽʶˊʴʰˋʽ˗˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʶˌ ʴʽʰ ˍʹ˄ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍʹˌ ˋˁˈ˄ʹˌ ˋʶ ̱̌ ˉʽˁˈ ˁʰʽ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ. ɶ ˋˁˈ˄ʹ ˋˍʹ˄ 

ʰˍ˃ˈˋ˒ʰʽˊʰ ʷ˔ʶʽ ˉˇ˂˂ʰˉ˂ˈ ˊˈ˂ˇΣ ʶˉʹˊʶʱʸˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʱ ˍˇ˄ ʶ˄ʶˊʴʶʽʰˁˈ ˉˊˇːˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ 

ˉ˂ʰ˄ʺˍ ́ ˁʰʽ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˇˊʴʰ˄ʽˁ˗˄ ˎ˂ʽˁ˗˄ ˋˍʰ ˖ˁʶʱ˄ʽʰ ˁʰʽ ˔ʶˊˋʰʾʰ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰ, ˁʰʽ 

ˋˎ˃ʲʱ˂˂ˇ˄ˍʰˌ ˋˍˇ˄ ˁˏˁ˂ˇ ˍˇˎ ʱ˄ʻˊʰˁʰ ʶˉʹˊʶʱʸˇ˄ˍʰˌ ˍʹ˄ ˉʰˊʰʴ˖ʴʽˁˈˍʹˍʰ ˍˇˎ ˖ˁʶʰ˄ˇˏ ˁʰʽ ˍʹˌ 

ʰˍ˃ˈˋ˒ʰʽˊʰ.̩  

ʆʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ʷ˔ˇˎ˄ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˋˁʶɻɦ ʸˇˎ˄κʰ˄ʰˁ˂ˇˏ˄ ˍʹ˄ ʶʽˋʶˊ˔ˈ˃ʶ˄ʹ ʹ˂ʽʰˁʺ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˁʰʽ ˄ʰ h̄ ˇˊˊˇ˒ˇˏ˄κʶˁˉʷ˃ˉˇˎ˄ ˍʹ ʴʺʽ˄ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ό[ƛŀƻ ŀƴŘ {ŜƛƴŦŜƭŘ, 1998). ɶ 

˕ˎˁˍʽˁʺ ʶˉʾʵˊʰˋʹ ˍʹˌ ˋˁˈ˄ʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ˍʹ ʻʶˊ˃ʰ˄ˍʽˁʺ ʶˉʾʵˊʰˋʹ ˍ˖˄ ʰʶˊʾ˖˄ ˍˇˎ 

ʻʶˊ˃ˇˁʹˉʾˇˎ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ (Forster et al., 2007). ʅʁ  ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʰ ʰʷˊʽʰ ˍˇˎ 

ʻʶˊ˃ˇˁʹˉʾˇˎ ˍʰ ˇˉˇʾʰ ˉˊˇˁʰ˂ˇˏ˄ ˃ˈ˄ˇ ʻʷˊ˃ʰ˄ˋʹ ˋˍˇ˄ ˉ˂ʰ˄ʺˍʹΣ ˍʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ʰʽ˖ˊˇˏ˃ʶ˄ʰ 

ˋ˖˃ʰˍʾʵʽʰ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ˍˈˋˇ ʻʷˊ˃ʰ˄ˋʹ ˈˋˇ ˁʰʽ ˕ˏ˅ʹ 

ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˍʹˌ ɱʹˌ όKoren et al., 2005). ɮˎˍʺ ʹ ˋˁʷʵʰˋʹ ˁʰʽ ʹ ʰˉˇˊˊˈ˒ʹˋʹ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˇʵʹʴʺˋˇˎ˄ ˋʶ ʰ˂˂ʰʴʷˌ ˋˍˇ ʶ˄ʶˊʴʶʽʰˁˈ ʽˋˇʸˏʴʽˇ ˍʹˌ ɱʹˌ. 

ɶ ˉʰˊˇˎˋʾʰ ˋˁˈ˄ʹˌ ʶˉʹˊʶʱʸʶʽΣ ʰˁˈ˃ʰΣ ʷ˃˃ʶˋʰ ˍˇ ˁ˂ʾ˃ʰ ˈˋˇ˄ ʰ˒ˇˊʱ ˋ̱ ʹ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ 

ˋˍhʻʶˊˈˍʹˍʰΣ ˍʰ ˁʰʽˊʽˁʱ ˉˊˈˍˎˉʰ ˁʰʽ ˍˇ˄ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˄ʶ˒˗˄Φ ʆʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˔ˊʹˋʽ˃ʶˏˇˎ˄ ˖ˌ 

ˉˎˊʺ˄ʶˌ ˋˎ˃ˉˏˁ˄˖ˋʹˌ ˄ʶ˒˗˄ ʺ ˉˎˊʺ˄ʶˌ ˉʱʴˇˎΣ ˉʰˊʷ˔ˇ˄ˍʰ ̩ˋˍˇˎˌ ˎʵˊʰˍ˃ˇˏˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ʴʽʰ ˄ʰ 

ˋˎ˃ˉˎˁ˄˖ʻˇˏ˄ ʺ ˄ʰ ˉʰʴ˗ˋˇˎ˄Φ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍʽˌ 

ʽʵʽˈˍʹˍʶˌ ˍ˖˄ ˄ʶ˒˗˄Σ ˈˉ˖ˌ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˋˍʰʴˇ˄ʽʵʾ˖˄ ˍ˖˄ ˄ʶ˒˗˄Σ ˍʹ ˄ʶ˒ˇˁʱ˂ˎ˕ʹ ˁʰʽ ˍʰ ˉˊˈˍˎˉʰ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ (Field et al., 2006). 

ɳˉʽˉ˂ʷˇ˄Σ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌ ˉʶˊʽʷ˔ˇˎ˄ ʻˊʶˉˍʽˁʱ ˋˎˋˍʰˍʽˁʱ, ˈˉ˖ˌ ˋʾʵʹˊˇ ˁʰʽ ˒˗ˋ˒ˇˊˇΣ ˍʰ 

ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰ˒ʶˊʻˇˏ˄ ˋʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌΦ ɮˎˍʺ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˇʵʹʴʶʾ ˋʶ ʰˎ˅ʹ˃ʷ˄ʹ 

ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌ ˋˍˇˎˌ ˖ˁʶʰ˄ˇˏˌΣ ʴ˄˖ˋˍʺ ˖ˌ ζ˖ˁʶʱ˄ʽʰ ˂ʾˉʰ˄ˋʹηΣ ʹ ˇˉˇʾʰ ʶˉʽˉ˂ʷˇ˄ ʶ˄ʽˋ˔ˏʶʽ ˋ̱ ʹ˄ 

ˉʰˊʰʴ˖ʴʺ ˒ˎˍˇˉ˂ʰʴˁˍˈ˄ ˁʰʽ ˍʹ˄ ʰˉˇˊˊˈ˒ʹˋʹ ˍˇˎ /h2. (Martin and Fitzwater, 1988). 

ɶ ˉʰˊˇˎˋʾʰ ˋˁˈ˄ʹˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ʰʷˊʰ ˁʰʽ ˍʹ˄ 

ˇˊʰˍˈˍʹˍʰ ˋʶ ˉˇ˂˂ʷˌ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʶˉʹˊʶʱʸˇ˄ˍʰʽΦ ʆʰ ˋ˖˃ʰˍʾʵʽʰ ʰˎˍʱ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶʽ˗ˋˇˎ˄ ˍʹ˄ 

ˇˊʰˍˈˍʹˍʰΣ ˁʱˍʽ ˉˇˎ ʴʾ˄ʶˍʰʽ ʶˏˁˇ˂ʰ ʰ˄ˍʽ˂ʹˉˍˈ ʰˉˈ ˍˇ ʰ˄ʻˊ˗ˉʽ˄ˇ ˃ʱˍʽ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ʰˉ˂ˇˏˋˍʶˊˇ 

ˍˊˈˉˇ ˄ʰ ʰ˄ʽ˔˄ʶˎˍʶʾ ́  ̄ ʰˊˇˎˋʾʰ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ (Horváth et al., 2006). 

1.3 ʅˍˈ˔ˇˌ ʶˊʴʰˋʾʰˌ 

ʅˍˈ˔ˇ ˍʹˌ ˉʰˊˇˏˋʰ ̩ʶˊʴʰˋʾʰ ̩ʰˉˇˍʶ˂ʶʾ ʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˃ʶˍʰʲˇ˂ʺ ̩ˍ˖˄ ʶˉʽˉʷʵ˖˄ ˋˁˈ˄ʹˌ ˁʰˍʱ ˍʹ˄ 

˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ нлнм-нмлл ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʽˌ ˁ˂ʽ˃ʰˍˇ˂ˇʴʽˁʷˌ ʰ˂˂ʰʴʷˌ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˂ʱʲˇˎ˄ 

˔˗ˊʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˋʶ˄ʱˊʽˇ {{tо-тΦл ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ ˉʰʴˁˈˋ˃ʽ˖˄ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʰ˂˂ʰʴ˗˄ 

ό{ƘŀǊŜŘ {ƻŎƛƻŜŎƻƴƻƳƛŎ tŀǘƘǿŀȅǎΣ {{tǎύΦ ʅˍˇ ʶˉʾˁʶ˄ˍˊˇ ˍʹˌ ʶˊʴʰˋʾʰˌ ʲˊʾˋˁˇ˄ˍʰʽ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ 

ˍʹˌ ɮ˒ˊʽˁʺˌ όʷˊʹ˃ˇˌ ʅʰ˔ʱˊʰ ˁʰʽ ʅʱ˔ʶ˂ύ ˁʰʽ ˍʹˌ ɮˋʾʰˌ όʷˊʹ˃ˇˌ ʆʱˁ˂ʰ ɾʰˁʱ˄Σ ɱˁˈ˃ˉʽΣ ɼʰˊʰˁˇˏ˃Σ ʆʰˊ 

ˁʰʽ ɽˇˎˍύΣ ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ʰ˄ʰ˂ˏʶˍʰʽ ʹ ˋ˔ʷˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰΣ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˁʰʽ ˍʹˌ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰʷˊʰ ˃ʶ ˍˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌΣ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄  ˅ʹˊʺ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ʅʽˋ˃ʱ˄ʹˌ ɳˎˋˍʱʻʽˇˌ - ɲʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ 

 

34 

ˁʰʽ ˎʴˊʺ ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌΦ ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ 

ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍʶˋˋʱˊ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˍˇ  ˎ/aLtсΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˃ʶ˂ʶˍ˗˄ˍʰʽ ˍʰ ¦Y9{aм-0-

LL, MRI-ESM2.0, GISS-E2-1-D ˁʰʽ DC5[-9{aп ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎˌΦ ʅˍʹ 

ˋˎʸʺˍʹˋʹ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ʲʰʻ˃ˈˌ ˋˎ˃˒˖˄ʾʰˌ ˍ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰˍʱ ˉˈˋˇ ʰˎˍʱ ʶʾ˄ʰʽ ʽˁʰ˄ʱ ˄ʰ ʶˁˍʽ˃ʺˋˇˎ˄ ˃ʶ ˋʰ˒ʺ˄ʶʽʰ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ 

ˋˍʰ ʶˉʾˉʶʵʰ ˋˁˈ˄ʹˌ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ 
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ɼɳʊɮɽɮɹʁ нΦ ɾʁɿʆɳɽɮΣ ɲɳɲʁɾɳɿɮ ɼɮɹ ɾɳɸʁɲʁɽʁɱɹɮ 

2.1 ɾˇ˄ˍʷ˂ʰ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʰˉˈ ˍʷˋˋʶˊʰ ʃʰʴˁˈˋ˃ʽʰ ɼ˂ʽ˃ʰˍʽˁʱ 

ɾˇ˄ˍʷ˂ʰ όGlobal Climate Models - GCM) ˁʰʽΣ ʶʽʵʽˁˈˍʶˊʰΣ ʰˉˈ ˍˊʾh ɾˇ˄ˍʷ˂ʰ ɱʺʽ˄˖˄ ʅˎˋˍʹ˃ʱˍ˖˄ 

(Earth System Models - ESMs) ˁʰʽ ʷ˄ʰ ʋʹ˃ʽˁˈ ɼ˂ʽ˃ʰˍʽˁˈ ɾˇ˄ˍʷ˂ˇ (Chemistry Climate Model - CCM) 

ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ʷˁˍʹ ˒ʱˋʹ ˍˇˎ CMIP6 ˍʹˌ ɲʽʰˁˎʲʶˊ˄ʹˍʽˁʺ ̩ɳˉʽˍˊˇˉʺ ̩ʴʽʰ ˍʹ˄ ɮ˂˂ʰʴʺ 

ˍˇˎ ɼ˂ʾ˃ʰˍˇˌ (Intergovernmental Panel on Climate Change ς IPCC) (Eyring et al., 2016). ʆh  ˁˏˊʽʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Σ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ˍʰ UKESM1-0-LL, GFDL-ESM4, MRI-ESM2.л ˁʰʽ GISS-E2-

1-G, ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ όʃʾ˄ʰˁʰˌ 2.1ύΣ ʶ˄˗ ˃ʾʰ ʰ˄ʰ˂ˎˍʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ˁʰʻʶ˄ˈˌ 

ˉʰˊʷ˔ʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ όZanis et al., 2022). 

ʃʾ˄ʰˁʰˌ 2.1: ɼˏˊʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ˇ˄ˍʷ˂˖˄ ¦Y9{aм-0-LL, MRI-ESM2-0, GISS-E2-1-G ˁ ʰʽ GFDL-ESM4. 

ɾˇ˄ˍʷ˂ˇ ɮ˄ʱ˂ˎˋʹ (х) ʆˏˉˇˌ ɾˇ˄ˍʷ˂ˇˎ ID ̄ ˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ɮ˄ʰ˒ˇˊʱ 

ʃˊˇˋˇ˃ˇʾ˖ˋʹˌ 

UKESM1-0-LL 1,25 × 1,875 
ESM interactive 

chemistry 
r1i1p1f2 

hΩ/ƻƴƴƻǊ 2020a, 

2020b 

MRI-ESM2.0 1,125 × 1,125 
ESM interactive 

chemistry 
r1i1p1f1 

Yukimoto et al., 

2019, 2020 

GISS-E2-1-G 2 × 2,5 
CCM interactive 

chemistry 
r1i1p3f1 

NASA, 

2020a, 2020b 

GFDL-ESM4 1 × 1,25 
ESM interactive 

chemistry 
r1i1p1f1 

Dunne et al., 2020 

Horowitz et al., 

2018a, 2018b 

ʆˇ ˃ˇ˄ˍʷ˂ˇ UKESM1-0-LL ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ʷˁʵˇˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ HadGEM2-ES ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰ˄ ˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ˔ˊˈ˄ʽʰ (Bellouin et alΦΣ нлммύΣ ˃ʶ ʰ˄ʰʲʰʻ˃ʾˋʶʽˌ ˋʶ ̍˂ ʶˌ ˍʽˌ 

ˋˎ˄ʽˋˍ˗ˋʶˌ ˁʰʽ ˍˇˎˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ʰ˄ʱʵˊʰˋʹˌ ˍˇˎ. ʆˇ ˃ˇ˄ˍʷ˂ˇ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˁˇʽ˄ˇˏ ʰˉˈ ˍˇ 

MetOffice UK ˁʰʽ ˍ ̌Natural Environment Research Council (NERC)Σ ˁʰʽ  ̌̀ ˍˈ˔ˇˌ ̱ ˇˎ ʁ ʾ˄ʰʽ ˄ hˉʰ́ʱʴʶʽ 

ˁ˂ʽ˃ʰˍʽˁʷˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʴʽʰ ˍˇ CMIP6 (Eyring et al., 2016). ʆ ̌UKESM1-0-LL  ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˖  ̩ʲʱˋʹ 

ˍ ̌˃ˇ˄ˍʷ˂ˇ ˋˎʸʶˎʴ˃ʷ˄ˇˎ ˁ˂ʾ˃ʰˍˇˌ HadGEM3 GC3.1 (Kuhlbrodt et al., 2018; Williams et al., 2018), ̀ ˍˇ 

ˇˉˇʾˇ ʷ˔ˇˎ˄ ʶ˄ˋ˖˃ʰˍ˖ʻʶʾ ˍʰ ʰˁˈ˂ˇˎʻʰ ˃ˇ˄ˍʷ˂ʰΥ ʰύ JULES (Joint UK Land Environment Simulator; 

Best et al., 2011) ɹ ʽʰ ˍʹ˄ ʶˉʾʴʶʽʰ ʲʽˇʴʶ˖˔ʹ˃ʶʾʰ ˃ ʁˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ ˒ˎˋʽˇ˂ˇʴʾʰ ˍ˖˄ ˒ˎˍ˗˄ ˁʰʽ 

ˍˇˎˌ ˂ʶʽˍˇˎˊʴʽˁˇˏˌ ˍˇˎˌ ˍˏˉˇˎˌ, ̱  ́˔ˊʺˋʹ ʴʹˌ ˁʰʽ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍˇˎ ˁˏˁ˂ˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ (C) ˁ ʰʽ ˍˇˎ 

ʰʸ˗ˍˇˎ (N)Σ ʲύ MEDUSA (Model of Ecosystem Dynamics, nutrient Utilisation, Sequestration and 

Acidification; Yool et al., 2013) ɹ ʽʰ ˍʹ˄ ˖ˁʶʱ˄ʽʰ ʲʽˇʴʶ˖˔ʹ˃ʶʾʰ, ˁʰʽ ʴύ UKCA (United Kingdom 

Chemistry and Aerosol model; Archibald et al., 2020), ʷ˄ʰ ˋˎʸʶˎʴ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ʵʶʾ˔˄ʶʽ ˍʹ ˋˍʶ˄ʺ 

ˋ̝ ʷˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˔ʹ˃ʶʾʰˌ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˁʰʽ ˍ˖˄ ʰʶˊˇʸˈ˂. ɶ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍʹˌ 

ʲ˂ʱˋˍʹˋʹˌ ˁʰʽ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʺ ʴʽʰ ˍʹ ˋˁˈ˄ʹ (Woodward et al., 2022)Φ ɶ 

ˇˊˎˁˍʺ ˋˁˈ˄ʹ ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ˋˍˇ IŀŘD9a о ˃ʶ ʷ˄ʰ ˉ˂ʺˊ˖ˌ ʵʽʰʵˊʰˋˍʽˁˈ ˋ˔ʺ˃ʰ ˋˁˈ˄ʹˌΣ ˍˇ ˇˉˇʾˇ 

https://www.metoffice.gov.uk/
https://www.ukri.org/councils/nerc/
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ˁʰ˂ʶʾˍʰʽ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˍˇˎ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎΦ ʆʰ ˉʶʵʾʰ ˇʵʺʴʹˋʹˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ 

ʰˉʶˎʻʶʾʰˌ ʰˉˈ ˍˇ ¦KCA ˁʰʽ ˍˇ W¦[9{Σ ˁʰʽ ʹ ˋˁˈ˄ʹ ʶˉʹˊʶʱʸʶʽ ˍˇ ˎˉˈ˂ˇʽˉˇ ˃ˇ˄ˍʷ˂ˇ ˃ʷˋ˖ ˍ˖˄ 

ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˃ʶ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˍˇˎ ¦KCA ˁʰʽ ˃ʷˋ˖ ˍʹˌ ʶʽˋˈʵˇˎ ˋˍʹ 

ʲʽˇʴʶ˖˔ʹ˃ʶʾʰ ˍ˖˄ ˖ˁʶʰ˄˗˄ ˋˍˇ a95¦{!Φ ʅˍʹ˄ ˍˊʷ˔ˇˎˋʰ ʵʽʰ˃ˈˊ˒˖ˋʹΣ ʹ ˋˁˈ˄ʹ ʰ˄ʰ˃ʽʴ˄ˏʶˍʰʽ 

ʶ˅˖ˍʶˊʽˁʱ ˃ʶ ʱ˂˂ʰ ʰʶˊˇ˂ˏ˃ʰˍʰΦ ʆˇ «1-0» ˋˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ ˎˉˇʵʹ˂˗˄ʶʽ ˍʹ˄ ʷˁʵˇˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ʶ˄˗ 

ˍˇ «LL» ̀ ʹ˃ʰʾ˄ʶʽ «˔ʰ˃ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ». 

ʆ ̌˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0 (Yukimoto et al., 2019; Oshima et al., 2020) h ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍ ̌

ɹ˄ˋˍʽˍˇˏˍˇ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁ˗˄ ɳˊʶˎ˄˗˄ (MRI) ˋˍʹ˄ ɹʰˉ˖˄ʾʰ, ˃ ʁʲʱˋʹ ˍ hˉʰ˂ʰʽˈˍʶˊʰ ˃ˇ˄ˍʷ˂ʰ MRI-

ESM2.0 -CGCM3 ˁʰʽ MRI-ESM2.0 -ESM1 ˍˇˎ CMIP5. ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ 

˔ʹ˃ʶʾʰˌ MRI-ESM2.0 Chemistry Climate ʷˁʵˇˋʹ нΦм όMRI-ESM2.0-CCMнΦмύΣ ˍˇ ˇˉˇʾˇ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ 

ʶ˅ʷ˂ʽ˅ʹ ˁʰʽ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˈʸˇ˄ˍˇˌΣ ˁʰʻ˗ˌ ˁʰʽ ʱ˂˂˖˄ ʰʶˊʾ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˎˉˈ ˃ˇˊ˒ʺ 

ʽ˔˄ˇˋˍˇʽ˔ʶʾ˖˄ ʰˉˈ ˍʰ ˁʰˍ˗ˍʶˊʰ ʷ˖ˌ ˍʰ ˃ʷˋʰ ʶˉʾˉʶʵʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˁʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰʶˊˇ˂ˏ˃ʰˍˇˌ 

Aerosol Species in the Global Atmosphere mark-2 revision 4-climate (MASINGAR mk-2r4c), ˍˇ ˇˉˇʾˇ 

ˎˉˇ˂ˇʴʾʸʶʽ ˍʽˌ ˒ˎˋʽˁʷˌ ˁʰʽ ˔ʹ˃ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ όˉΦ˔Σ ʶˁˉˇ˃ˉʺΣ ˃ʶˍʰ˒ˇˊʱΣ ʵʽʱ˔ˎˋʹΣ ˔ʹ˃ʽˁʷˌ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ˁʰʽ ˅ʹˊʷˌ ˁʰʽ ˎʴˊʷˌ ʶ˄ʰˉˇʻʷˋʶʽˌύ ˍ˖˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ʰʶˊˇ˂ˎ˃ʱˍ˖˄ ˁʰʽ ˂ʰ˃ʲʱ˄ʶʽ 

ˎˉˈ˕ʹ ˍʰ ʰˁˈ˂ˇˎʻʰ ʶʾʵʹΥ ʻʶʽʽˁʱ ʱ˂ʰˍʰ ˃ʹ ʻʰ˂ʱˋˋʽˇˎ ʱ˂ʰˍˇˌΣ ./Σ ˇˊʴʰ˄ʽˁˈˌ ʱ˄ʻˊʰˁʰˌ όh/ύΣ 

ʻʰ˂ʱˋˋʽˇ ʰ˂ʱˍʽΣ ˇˊˎˁˍʺ ˋˁˈ˄ʹ ˁʰʽ ˉˊˈʵˊˇ˃ʰ ʰʷˊʽʰ ʰʶˊˇ˂ˎ˃ʱˍ˖˄ όˉΦ˔Φ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʻʶʾˇˎ ό{hнύ ˁʰʽ 

ʵʽ˃ʶʻˎ˂ˇˋˇˎ˂˒ʾʵʽˇ (DMS)) (Oshima et al., 2020). ʁʽ ˁʰˍʰ˄ˇ˃ʷˌ ˃ʶʴʷʻˇˎˌ ˍˇˎ ʻʰ˂ʰˋˋʽ˄ˇˏ ʱ˂ʰˍˇˌ 

ˁʰʽ ˍʹˌ ˇˊˎˁˍʺˌ ˋˁˈ˄ʹˌ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ мл ʵʽʰˁˊʽˍʷˌ ʻʷˋʶʽˌ. ʆˇ ˄ʷˇ ˃ˇ˄ˍʷ˂ˇ ʷ˔ʶʽ ˇˊʽʸˈ˄ˍʽʰ ʰ˄ʱ˂ˎˋʹ 

100 km ʴʽʰ ˍʰ ʰˍ˃ˇˋ˒ʰʽˊʽˁʱ ˋˍˇʽ˔ʶʾʰΣ ʶ˄˗ ˍʰ ˖ˁʶʱ˄ʽʰ ˋˍˇʽ˔ʶʾʰ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˉʰˊˈ˃ˇʽʰ 

ʰ˄ʱ˂ˎˋʹ ˃ʶ ˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ˃ˇ˄ˍʷ˂ʰΦ ɶ ˁʰˍʰˁˈˊˎ˒ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 80 

ʶˉʾˉʶʵʰΣ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˁʰʻʾˋˍʰˍʰʽ ˋʰ˒˗ˌ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ пу ʶˉʾˉʶʵʰ ˉˇˎ ʵʽʷʻʶˍʶ ˇ 

ˉˊˇˁʱˍˇ˔ˈˌ ˍˇˎΦ 

ʆˇ ˃ˇ˄ˍʷ˂ˇ GISS-E2-1-G ʁ ʾ˄ʰʽ ʷ˄ʰ ˋˏʴ˔ˊˇ˄ˇ ˋˎʸʶˎʴ˃ʷ˄ˇ ˁ˂ʽ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʽˌ 

ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΣ ˍ˖˄ ˖ˁʶʰ˄˗˄Σ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ˅ʹˊʱˌ ˁʰʽ ˍ˖˄ 

ʻʰ˂ʱˋˋʽ˖˄ ˉʱʴ˖˄Φ ɲ́ ˃ʽˇˎˊʴʺʻʹˁʶ ʰˉˈ ˍ ̌Goddard Institute for Space Studies (GISS-E2-1-G) ʴʽʰ ˍ̌ 

CMIP6. ɶ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʷˁʵˇˋʹ ̩̱ ˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʲʰˋʾˋˍʹˁʶ ˋˍʰ ˃ˇ˄ˍʷ˂ʰ GISS-E2-1-G-E2 

ˍˇˎ CMIP5 ˁʰʽ ˔́ ʹˋʽ˃ˇˉˇʽʶʾ ˍ́  ˒ˎˋʽˁʺ ʷˁʵˇˋʹ о (physics-version=3), ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʹ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˋˏ˄ʻʶˋʹ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ One-Moment Aerosol (OMA), ʷ˄ʰ ˋ˔ʺ˃ʰ 

ʰʶˊˇʸˈ˂ ʲʰˋʽʸˈ˃ʶ˄ ̌ˋˍʹ ˃ʱʸʰΣ ˁʰʽ ˍˇ ˖ˁʶʱ˄ʽˇ ˃ˇ˄ˍʷ˂ˇ GISS-E2-1-G Ocean. ʅˍʹ˄ ʷˁʵˇˋʹ 9нΦм ˍʹˌ 

˃ˇ˄ʱʵʰˌ ʰʶˊˇ˂ˎ˃ʱˍ˖˄ ha!Σ ʹ ˇˉˇʾʰ ˇ˄ˇ˃ʱʸʶˍʰʽ TCADI, ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ʹ ˋˁˈ˄ʹΣ ˍˇ ʻʰ˂ʱˋˋʽˇ ʰ˂ʱˍʽΣ 

ˍʰ ʻʶʽʽˁʱΣ ˍʰ ˄ʽˍˊʽˁʱΣ ˍˇ ʰ˃˃˗˄ʽˇ ˁʰʽ ˍˇ ʰ˄ʻˊʰˁˇˏ˔ˇ ʰʶˊˈ˂ˎ˃ʰ ό˃ʰˏˊˇˌ ˁʰʽ ˇˊʴʰ˄ʽˁˈˌ ʱ˄ʻˊʰˁʰˌ) 

(Kelley et al., 2020). ɾʾʰ ʰˉˈ ˍʽˌ ʶ˄ʹ˃ʶˊ˗ˋʶʽˌ ˍʹˌ ʷˁʵˇˋʹˌ ʰˎˍʺˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˋˁˈ˄ʹˌΦ ʁʽ ʽʵʽˈˍʹˍʶˌ ˍʹˌ ˋˁˈ˄ʹˌ ʰ˄ʰˁˍ˗˄ˍʰʽ ˍ˗ˊʰ ʰˉˈ ˍʹ˄ ʶ˄ˈˍʹˍʰ ˋˁˈ˄ʹˌΣ ʰ˄ˍʾ 

˄ʰ ˇˊʾʸˇ˄ˍʰʽ ˅ʶ˔˖ˊʽˋˍʱ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ ʶˍʶˊˇʴʶ˄ˇˏˌ ˔ʹ˃ʶʾʰˌΦ ɮˎˍˈ ʰ˒ˇˊʱ ˍʰ ˈˊʽʰ ˍ˖˄ ʷ˅ʽ ʵʽʰˁˊʽˍ˗˄ 

ˇˊʾ˖˄ ˍʹˌ  ˋˁˈ˄ʹˌ όʵʽʱ˃ʶˍˊˇˌ ˋ˖˃ʰˍʽʵʾ˖˄ лΣм-0,2, 0,2-0,5, 0,5-1, 1-2, 2-п ˁʰʽ п-у ˃ƳύΣ ˍʰ ˇˉˇʾʰ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʽˌ ʶˉʽˋˍˊ˗ˋʶʽˌ ˋˍʰ ˋ˖˃ʰˍʾʵʽʰ ˋˁˈ˄ʹˌΣ ˍʽˌ ˉˎˁ˄ˈˍʹˍʶˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˋˁˈ˄ʹˌ 

ˁʰʽ ˍʰ ʲʱˊʹ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʰˊʴʾ˂ˇˎΦ ɲʽˇˊʻ˗ʻʹˁʶ ˇ 

ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍʹˌ ˋˁˈ˄ʹˌΣ ˇ ˇˉˇʾˇˌ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʶˁʵˈˋʶʽˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 

ˉˊˇˁʰ˂ˇˏˋʶ ˎˉʶˊʶˁˍʾ˃ʹˋʹΦ ʁʽ ʰ˂˂ʰʴʷˌ ʰˎˍʷˌ ʷ˔ˇˎ˄ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˁʰ˂ˏˍʶˊʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ 

˃ʰʸ˗˄ ˋˁˈ˄ʹˌ ˉʱ˄˖ ˋʶ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ˇʽ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʶʾ˄ʰʽ ʰˎ˅ʹ˃ʷ˄ʶˌ ˈˉ˖ˌ ʹ ɰ. ɮ˒ˊʽˁʺΣ ʹ ɾʷˋʹ 

https://www.mri-jma.go.jp/index_en.html
https://www.giss.nasa.gov/
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ɮ˄ʰˍˇ˂ʺ ˁʰʽ ʹ ɼ. ɮˋʾʰΦ  ɶ ˇˊʽʸˈ˄ˍʽʰ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʶʾ˄ʰʽ н ° × 2,5 ° ʴʶ˖ʴˊʰ˒ʽˁˈ 

ˉ˂ʱˍˇˌκ˃ʺˁˇˌΣ ˁʰʽ ʹ ˁʰˍʰˁˈˊˎ˒ʹ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ пл ʶˉʾˉʶʵʰ ˉˇˎ ʶˁˍʶʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ 

ˍʹˌ ɱʹˌ ̫ ˖ˌ ˍˇ ʶˉʾˉʶʵˇ ˍ˖˄ 0,1 hPa ̀ ˍʹ˄ ɼʰ̱̠ ˍʶˊʹ ɾʶˋˈˋ˒ʰʽˊʰΦ 

ʆˇ ˃ˇ˄ˍʷ˂ˇ GFDL-ESM4 (Dunne et alΦΣ нлнлύ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍʹˌ 

ʷˁʵˇˋʹˌ пΦм όESMпΦмύ ˍˇˎ Geophysical Fluid Dynamics Laboratory (GFDL-ESM4)Σ ʹ ˇˉˇʾʰ ʲʰˋʾʸʶˍʰʽ 

ˋˍʽˌ ʰ˄ʰʲʰʻ˃ʾˋʶʽˌ ˍ˖˄ ˋˎ˄ʽˋˍ˖ˋ˗˄ ˁʰʽ ˍ˖˄ ˋˎʸʶˎʴ˃ʷ˄˖˄ ˃ˇ˄ˍʷ˂˖˄ ˋˍ ̌ GFDL-ESM4 ˁʰˍʱ ˍʹ˄ 

ˉʶˊʾˇʵˇ нлмо-нлмуΣ ˁʰʽ ʰ˄ʰˉˍˏ˔ˍʹˁʶ ˋˍˇ CMIPсΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ ʰ˄ʱˉˍˎ˅ʹˌ ˍʹˌ 

ʷˁʵˇˋʹˌ CMпΦл ˍʹˌ GFDL-ESM4 ˉˇˎ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˖ˁʶʰ˄˗˄ ʴʽʰ ˍˇ ˒ˎˋʽˁˈ 

ˁ˂ʾ˃ʰΣ ˍˇ ESMпΦм ʶˋˍʽʱʸʶʽ ˋˍʹ˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˍ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˍʹˌ ɱʹˌΦ ʆˇ ESMпΦм ˉʰˊʷ˔ʶʽ 

ʰ˄ʰʲʰʻ˃ʾˋʶʽˌ ˋˍʹ ʵˎ˄ʰ˃ʽˁʺ ˁʰʽ ˒ˎˋʽˁʺ ˍʹˌ ʷˁʵˇˋʹˌ CMпΦлΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍʰ ʰʶˊˇ˂ˏ˃ʰˍʰ ˁʰʽ ˍʽˌ 

ˉˊˈʵˊˇ˃ʶˌ ʶˁˉˇ˃ˉʷˌ ˍˇˎˌΣ ˍʹ ʲ˂ʱˋˍʹˋʹ ˍˇˎ ˔ʶˊˋʰʾˇˎ ˇʽˁˇˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˍˇ˄ ʰ˄ˍʰʴ˖˄ʽˋ˃ˈ ˍˇˎΣ ˍʽˌ 

˖ˁʶʱ˄ʽʶˌ ˇʽˁˇ˂ˇʴʽˁʷˌ ˁʰʽ ʲʽˇʴʶ˖˔ʹ˃ʽˁʷˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˁʰʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ˋˎʴˁʶ˄ˍˊ˗ˋʶ˖˄ 

CO2Σ ˍʹˌ ˋˁˈ˄ʹ ̩ˁʰʽ ˍˇˎ ʵʽʰʵˊʰˋˍʽˁˇˏ ˁˏˁ˂ˇˎ ʰʸ˗ˍˇˎ (N). ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʷˁʵˇˋʹ 

ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰˍʱ ˍˇ ˇˉˇʾˇ ˇʽ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ʲʰˋʽʸˈˍʰ˄ ˋˍˇ˄ ʶˉʽ˒ʰ˄ʶʽʰˁˈ ʱ˄ʶ˃ˇ ˉʱ˄˖ ʰˉˈ 

ˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ˉʺʴʶˌΣ ˂ʰ˃ʲʱ˄ʶʽ ˉ˂ʷˇ˄ ˎˉˈ˕ʹ ˁʰʽ ˍˇ ˁ˂ʱˋ˃ʰ ˔ʽˇ˄ʽˇˏΣ ˍˇ˄ ʶʵʰ˒ʽˁˈ ˉʱʴˇΣ ˍʹ˄ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺ ʰˉˇʴˏ˃˄˖ˋʹ ˁʰʽ ˍʹ˄ ˔ˊʺˋʹ ʴʹˌ ˋʶ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ (Dunne et al., 2020). ɶ 

ʶˁˉʶ˃ˉˈ˃ʶ˄ʹ ˋˁˈ˄ʹ ˁʰˍʰ˄ʷ˃ʶˍʰʽ ˋʶ ˉʷ˄ˍʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷ ̩ˁʰˍʹʴˇˊʾʶˌ ˃ʶ ʲʱˋʹ ˍˇ ˃ʷʴʶʻˈˌ ˍˇˎˌΣ ˃ʶ 

ˁʱʻʶ ˁʰˍʹʴˇˊʾʰ ˄ʰ ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ ˋˍʰʻʶˊˈ ˉˇˋˇˋˍˈ όлΣм-м ˃ƳΣ р҈Σ м-н ˃ƳΣ мр҈Σ н-о ˃ƳΣ ол҈Σ о-6 

˃ƳΣ нт҈ ˁʰʽ с-мл ˃ƳΣ но҈ύΦ ʅʶ ɦ̒ˁ ʶ ˈˊʽˇ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˋˁˈ˄ʹˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˃ʶˍʰ˒ˇˊʱΣ  ́

ˁʰˍʰˁˈˊˎ˒ʹ ʵʽʱ˔ˎˋʹ ˁʰʽ  ́ʲʰˊˎˍʽˁʺ ˁʰʻʾʸʹˋʹΦ ʆˇ ESMпΦм ʵʽʰʻʷˍʶʽ ʵʽˉ˂ʱˋʽʰ ˇˊʽʸˈ˄ˍʽʰ ʰ˄ʱ˂ˎˋʹ 

ˍˈˋˇ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ όнϲ ʷ˖ˌ мϲύ ˈˋˇ ˁʰʽ ˋˍˇ˄ ˖ˁʶʰ˄ˈ όмϲ ʷ˖ˌ лΣрϲύ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ ˃ˇ˄ˍʷ˂ʰ 

˔ʹ˃ʶʾʰˌ ESMн ˁʰʽ CMо ˍʹˌ ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ ʴʶ˄ʽʱˌ ˍˇ  ˎGFDL-ESM4. 

2.2  ɲʶʵˇ˃ʷ˄ʰ 

ɱʽʰ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ʴʶ˄ʽˁʺˌ ˉʰʴˁˈˋ˃ʽʰˌ ˁ˂ʽ˃ʰˍˇ˂ˇʴʾʰˌ, ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶˊʴʰˋʾʰˌ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˃ʹ˄ʽʰʾʰ ʵʶʵˇ˃ʷ˄ʰ ʰύ ʻʶˊ˃ˇˁˊʰˋʾʰˌ (ˋʶ ʲʰʻ˃ˇˏˌ ɼʶ˂ˋʾˇˎ όхC)), ʲύ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

(ˋʶ ˔ʽ˂ʽˇˋˍʱ ʰ˄ʱ ˔ˊˈ˄ˇ (mm/year)ύ ˁʰʽ ʴύ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎ όˋʶ ˃ʷˍˊʰ ʰ˄ʱ 

ʵʶˎˍʶˊˈ˂ʶˉˍˇ όm/s)). 

ɱʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʶˉʽˉʷʵ˖˄ ˋˁˈ˄ʹˌ ˃ʶ˂ʶˍ˗˄ˍʰʽ ˋˎ˄ˇ˂ʽˁʱ ˍʷˋˋʶˊʽˌ ˉʰˊʱ˃ʶˍˊˇʽΥ ʰύ ˍˇ ˒̌ˊˍʾˇ 

ˋˁˈ˄ʹˌ όˋʶ g m-2), ̡ ύ ˇ ̔ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ όˋʶ ˃g m-2 s-1 ), ɹ ύ ʹ ˅́ ˊʺ ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌ όˋʶ g˃ m-2 s-1), 

ˁʰʽ ʵ) ́  ˎɹ ˊʺ ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌ ( g˃ m-2 s-1). 

ʁʽ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ ˋˎ˄ʽˋˍˇˏ˄ ˉˊˇʿˈ˄ ˍ˖˄ 

ˍʶˋˋʱˊ˖˄ GCM ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ʶˊʴʰˋʾʰ. ʆ̫ ˋˋʶˊʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ 

ˉˊˇʲʱ˂˂ˇ˄ˍʰʽ ʴʽʰ ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺΣ ˇʽ ˇˉˇʾʶˌ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˁʰʽ 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ʴʾ˄ˇ˄ˍʰʽ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇ SSP3.7 ˍˇˎ CMIP6. ʆˇ SSP3.7 h ˉˇˍʶ˂ʶʾ ʷ˄ʰ 

ʰˉˈ ˍʰ SSPsΣ ʵʹ˂ʰʵʺ ˍʰ ˋʶ˄ʱˊʽʰ ˍ˖˄ ˉʰʴˁˈˋ˃ʽ˖˄ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʰ˂˂ʰʴ˗˄ ˉˇˎ ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ 

ʷ˖ˌ ˍˇ нмллΣ ˁʰʽ ˔ˊ́ˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʶˁˍʽ˃ʺˋʶ˖˄ ʴʽʰ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˍ˖˄ ʰʶˊʾ˖˄ ˍˇˎ 

ʻʶˊ˃ˇˁʹˉʾˇˎ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁ˂ʽ˃ʰˍʽˁʷˌ ˉˇ˂ʽˍʽˁʷˌ όRiahi et al., 2017). ʆˇ {{tо 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˃ʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˉˇˊʶʾʰ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˉʶˊʽ˒ʶˊʶʽʰˁʺ ʰ˄ˍʽˉʰ˂ˈˍʹˍʰΣ 

˃ʶʴʱ˂ʹ ʰˏ˅ʹˋʹ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏΣ ʱ˄ʽˋʹ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ˋ˔ʶˍʽˁʱ ʰˊʴʺ ˉˊˈˇʵˇ ˋˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍʹˌ 

ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ ɮˉˇˍʶ˂ʶʾ ʷ˄ʰ ˋʶ˄ʱˊʽˇ ˎ˕ʹ˂ʺˌ ˉˊˈˁ˂ʹˋʹˌ ʴʽʰ ˍˇ˄ ˃ʶˍˊʽʰˋ˃ˈ ˁʰʽ ˍʹ˄ 

https://www.gfdl.noaa.gov/
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ˉˊˇˋʰˊ˃ˇʴʺ ˋˍʽˌ ˎ˕ʹ˂ʷˌ ʶˁˉˇ˃ˉʷˌ ʻʶˊ˃ˇˁʹˉʽˁ˗˄ ʰʶˊʾ˖˄Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˇˉˇʾˇ ˇʽ ʶˁˉˇ˃ˉʷˌ ˍˇˎ 

CO2 ʵʽˉ˂ʰˋʽʱʸˇ˄ˍʰʽ ˃ʷ˔ˊʽ ˍˇ нмлл (Hausfather, 2018b)Φ ʆˇ «7» ˋˍˇ {{tоΦт ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ʶˉʾˉʶʵˇ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌΣ ˍˇ ˇˉˇʾˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʹ˄ ʽˋˇˊˊˇˉʾʰ ˃ʶˍʰ˅ˏ ˍʹˌ ʶʽˋʶˊ˔ˈ˃ʶ˄ʹˌ ʹ˂ʽʰˁʺˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˁʰʽ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ˉʰʴʽʵʶˏʶˍʰʽ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˍʹˌ ɱʹˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ SSP3.70, 

ʹ ʶ˅ʰ˄ʰʴˁʰˋ˃ʷ˄ʹ ʰˁˍʽ˄ˇʲˇ˂ʾʰ ˍˇ ʷˍˇˌ нмлл ʶˁˍʽ˃ʱˍʰʽ ˋˍʰ ˉʶˊʾˉˇˎ т W m-2Σ ʶʾ˄ʰʽ ʵʹ˂ʰʵʺ ʰˊˁʶˍʱ 

ˎ˕ʹ˂ˈˍʶˊʹ ʰˉˈ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍʽ˃ʺ ˍʹˌ ˁʰˍʱ ˍʹ˄ ˉˊˇʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ʶˉˇ˔ʺ (DKRZ, 2023)Φ ʆˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʶ˄ʱˊʽˇ ˁʰˍʰˍʱˋˋʶˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ˔ʶʽˊˈˍʶˊ˖˄ ˋʶ˄ʰˊʾ˖˄ ˍˇˎ CMIP5, RCPсΦл ˁʰʽ 

RCP8.5. 

2.3  ɾʶʻˇʵˇ˂ˇʴʾʰ 

ʅ̱ ʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʰ˂˂ʰʴʷˌ ˉˇˎ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˋʹ˃ʶʽ˖ʻˇˏ˄ ˃ʶ ʲʱˋʹ ˍʰ 

ˍʷˋˋʶˊʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ˃ˇ˄ˍʷ˂ʰ ˋˍʽˌ ˃ʶ˂ʶˍ˗˃ʶ˄ʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ ˁ˂ʾ˃ʰ ˁʰʽ 

ˍʰ ʶˉʾˉʶʵʰ ˋˁˈ˄ʹˌ ˋʶ ˉʰʴˁˈˋ˃ʽʰ ˁ˂ʾ˃ʰˁʰ. ɳʽʵʽˁˈˍʶˊʰΣ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˇʽ ʶˉˍʱ ˉʰˊʱ˃ʶˍˊˇʽ ˋˍʽˌ 

ʰˁˈ˂ˇˎʻʶˌ ˍʷˋˋʶˊʽˌ ˉʶˊʽˈʵˇˎˌΥ  

¶ ɹˋˍˇˊʽˁʺ ˉʶˊʾˇʵˇˌ κ ˉʶˊʾˇʵˇˌ ʰ˄ʰ˒ˇˊʱˌ όмффм-2010) 

¶ ɳʴʴˏˌ ˃ʷ˂˂ˇ˄ όнлнм-2040) 

¶ ɾʶˋˇˉˊˈʻʶˋ˃ʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˉʶˊʾˇʵˇˌ όнлпм-2060)  

¶ ɾʰˁˊˇˉˊˈʻʶˋ˃ʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˉʶˊʾˇʵˇˌ όнлум-2100) 

ʅʶ ʷ˄ʰ ˉˊ˗ˍˇ ˋˍʱʵʽˇ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ˉʰʴˁˈˋ˃ʽ˖˄ ˃ʷˋ˖˄ 

ʶˍʺˋʽ˖˄ ˍʽ˃˗˄ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ ˁ˂ʾ˃ʰ ˁʰʽ ˍʹ˄ ˋˁˈ˄ʹ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нлмр-

нмллΦ ʅˍʰ ˋ˔ʺ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ʰˉˈ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ 

ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˇ˃ʰ˂ˇˉˇʽʹ˃ʷ˄ʶˌ ˍʱˋʶʽˌ ˃ʶˍʱ ʰˉˈ ˍʹ˄ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

ʰˎˍ˗˄Φ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʶˉʽ˂ʷ˔ʻʹˁʶ ˃ʶ ˋˁˇˉˈ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ˇ ʻˈˊˎʲˇˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ  ˍʽˌ ˃ʷˋʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ʰˁˊʰʾ˖˄Φ 

ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˃̫ˋʶˌ ʶˍʺˋʽʶˌ ˉʰʴˁˈˋ˃ʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ʴʽʰ ˁʱʻʶ ˃ʽʰ ʰˉˈ ˍʽˌ 

ʶˉˍʱ ˃ʶ˂ʶˍˇˏ˃ʶ˄ʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ мффм-нмллΦ ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ 

ʲˊʷʻʹˁʶ ʹ ˁ˂ʽ˃ʰˍʽˁʺ ˍʽ˃ʺ ˁʱʻʶ ˉʰˊʰ˃ʷˍˊˇˎ, ˇˊʾʸˇ˄ˍʰˌ ˖ˌ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ˍʹ˄ ʶʽˁˇˋʰʶˍʾʰ мффм-

нлмлΣ ʹ ˇˉˇʾʰ ˁʰˍˈˉʽ˄ ʰ˒ʰʽˊʷʻʹˁʶ ʰˉˈ ˁʱʻʶ ˃ʷˋʹ ʶˍʺˋʽʰ ˉʰʴˁˈˋ˃ʽʰ ˍʽ˃ʺ ˍʹˌ ˉʶˊʽˈʵˇˎ 2011-2100 

ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɮˎˍˈ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˊʰʲʵˇʴˊʰ˃˃ʱˍ˖˄ ˉˇˎ ʰˉʶʽˁˇ˄ʾʸˇˎ˄ ˍʹ˄ 

˔ˊˇ˄ˇˋʶʽˊʱ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ̱ ˖˄ ˍʶˋˋʱˊ˖˄ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ɹ ʽʰ ˍˇ ʵʽʱˋˍʹ˃ʰ мффм-2100.. 

ɴˉʶʽˍʰΣ ˉˊˇʲʱ˂˂ˇ˄ˍʰʽ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ʴʽʰ ˁʱʻʶ ˉʰˊʱ˃ʶˍˊˇ ˁʰʽ ʴʽʰ ˁʱʻʶ ˉʶˊʾˇʵˇ ˅ʶ˔˖ˊʽˋˍʱ ˁʰʽ 

ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˇʽ ʵʽʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˍˊʽ˗˄ ˃ʶ˂˂ˇ˄ˍʽˁ˗˄ ˉʶˊʽˈʵ˖˄ ˁʰʽ ˍʹˌ ˉʶˊʽˈʵˇˎ ʰ˄ʰ˒ˇˊʱˌΦ ʁʽ 

ʰ˂˂ʰʴʷˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˋʶ ʶˍʺˋʽʰ ʲʱˋʹ ʴʽʰ ˁʱʻʶ ˁʶ˂ʾ ˉ˂ʷʴ˃ʰˍˇˌ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇ SSPоΦтл ˁʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˔ʰˊˍ˗˄. 
ɶ ˋˍʰˍʽˋˍʽˁʺ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰ ˍ˖˄ ʵʽʰ˒ˇˊ˗˄ ʶ˂ʷʴ˔ʶˍʰʽΣ ʶˉʾˋʹˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˇ Paired 

sample two-sided t-testΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˇˉˇʾˇ ˃ʾʰ ʵʽʰ˒ˇˊʱ ʻʶ˖ˊʶʾˍʰʽ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺ ˋˍˇ 

ʶˉʾˉʶʵˇ ʶ˃ˉʽˋˍˇˋˏ˄ʹˌ фр҈Φ ʆˇ Paired sample two-sided t-test ʶʾ˄ʰʽ ʷ˄ʰ ˋˍʰˍʽˋˍʽˁˈ ˍʶˋˍ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˃ʷˋ˖˄ ˈˊ˖˄ ʵˏˇ ˋˎ˄ʰ˒˗˄ ˋˎ˄ˈ˂˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʺ 

˃ʶˍˊʺˋʶ˖˄ (JMP, 2023). ʅˎ˄ʺʻ˖ˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˈˍʰ˄ ˇʽ ʵˏˇ ˋʶʽˊʷˌ ʵʶʵˇ˃ʷ˄˖˄ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ ˍʰ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

ʅʽˋ˃ʱ˄ʹˌ ɳˎˋˍʱʻʽˇˌ - ɲʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ 

 

39 

ʾʵʽʰ ʱˍˇ˃ʰ ʺ ˎˉˇˁʶʾ˃ʶ˄ʰ ˎˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʺ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌΦ ʅˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˍʰ ˋˎʸʶˎʴ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʵˏˇ ˋˏ˄ˇ˂ʰ 

˃ʶˍˊʺˋʶ˖˄ ʴʽʰ ˁʱʻʶ ʶ˅ʶˍʰʸˈ˃ʶ˄ʹ ˉʰˊʱ˃ʶˍˊˇΣ ˉˇˎ ˋˎ˔˄ʱ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ ˃ʶˍˊʺˋʶʽˌ Ϧˉˊʽ˄Ϧ 

όˉʶˊʾˇʵˇˌ ʰ˄ʰ˒ˇˊʱˌύ ˁʰʽ Ϧ˃ʶˍʱϦ ό˃ʶ˂˂ˇ˄ˍʽˁʺ ˉʶˊʾˇʵˇˌύ. ɮ˒ʰʽˊʷʻʹˁʶ ʹ ˃ʷˍˊʹˋʹ Ϧˉˊʽ˄Ϧ ʰˉˈ ˍʹ˄ 

ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʷˍˊʹˋʹ Ϧ˃ʶˍʱϦ ʴʽʰ ˄ʰ ʲʴʶʽ ʹ ˍʽ˃ʺ ˍʹˌ ʵʽʰ˒ˇˊʱˌ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ 

ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˁʰʽ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˍ˖˄ ʵʽʰ˒ˇˊ˗˄Φ ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˍˇ ˋˍʰˍʽˋˍʽˁˈ 

t ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˖ˌ ʹ ˃ʷˋʹ ʵʽʰ˒ˇˊʱ ʵʽʰʽˊˇˏ˃ʶ˄ʹ ˃ʶ ˍʹ˄ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˍ˖˄ ʵʽʰ˒ˇˊ˗˄Σ 

ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ʴʽʰ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɴˉʶʽˍʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍˇˎ 

ˋˍʰˍʽˋˍʽˁˇ  ˏ ǘ ˃ʶ ˍʹ˄ ˁˊʾˋʽ˃ʹ ˍʽ˃ʺ ˃ʁ  ʲʱˋʹ ˍˇ ʶˉʽʻˎ˃ʹˍˈ ʶˉʾˉʶʵˇ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰˌΦ ʆʷ˂ˇˌ 

ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʹ ˍʽ˃ʺ Ǉ-ǾŀƭǳŜΥ ɶ ˍʽ˃ʺ Ǉ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˄ʰ ˉˊˇˁˏ˕ʶʽ ˃ʽʰ ˋˍʰˍʽˋˍʽˁʺ ǘ 

ˍˈˋˇ ʰˁˊʰʾʰ ˈˋˇ ʹ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʹ ˍʽ˃ʺΣ ˎˉˇʻʷˍˇ˄ˍʰˌ ˈˍʽ ʹ ˃ʹʵʶ˄ʽˁʺ ˎˉˈʻʶˋʹ ʶʾ˄ʰʽ ʰ˂ʹʻʺˌΦ ɳʱ˄ ʹ 

ˍʽ˃ʺ Ǉ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍˇ ʶˉʽ˂ʶʴ˃ʷ˄ˇ ʶˉʾˉʶʵˇ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰˌ όʰύΣ ˋˍˇ 95% (0.05)Σ ʹ ˃ʹʵʶ˄ʽˁʺ 

ˎˉˈʻʶˋʹ ʰˉˇˊˊʾˉˍʶˍʰʽΣ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʷˋ˖˄ ˈˊ˖˄Φ ɮ˄ˍʾʻʶˍʰΣ ʶʱ˄ 

ʹ ˍʽ˃ʺ Ǉ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ʰΣ ʹ ˃ʹʵʶ˄ʽˁʺ ˎˉˈʻʶˋʹ ʵʶ˄ ʰˉˇˊˊʾˉˍʶˍʰʽΣ ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ˈˍʽ ʵʶ˄ 

ˎˉʱˊ˔ʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊʱΦ 

ʅˍˇ ˎˉˇˁʶ˒ʱ˂ʰʽˇ 3.2 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʽ˄ʱˁʶˌ ʴʽʰ ˍʽˌ ˃ʷˋʶˌ ʶˁˍʽ˃˗˃ʶ˄ʶˌ ˍʽ˃ʷˌ ˍ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ UKESM1-0-LL1, MRI-ESM2.0, GISS-E2-1-G, GFDL-9{aп ˋˍʽˌ ʶˊʺ˃ˇˎˌ ˍʹˌ 

ɮ˒ˊʽˁʺˌ όɲΦ ʅʰ˔ʱˊʰΣ ɮΦ ʅʰ˔ʱˊʰ ˁʰʽ ʅʱ˔ʶ˂ύ ˁʰʽ ˍʹˌ ɮˋʾʰˌ όʆʰˁ˂ʱ ɾʰˁʱ˄Σ ɱˁˈ˃ˉʽΣ ɼʰˊʰˁˇˏ˃Σ ʆʰˊ ˁʰʽ 

ɽˇˎˍύΣ ʴʽʰ ˍʽˌ ˍˊʶʽˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌΦ ɼʱʻʶ ˍʽ˃ʺ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸʶʽ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ˈ˂˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ 

ˍˇˎ ˉ˂ʷʴ˃ʰˍˇˌ ˍʹˌ ʶˊʹ˃ʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ʴʽʰ ˃ʾh  ˇ˂ˈˁ˂ʹˊʹ ʶʽˁˇˋʰʶˍʾʰΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽʰʵʽˁʰˋʾʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ʵˇʻʶʾ ˃ʽʰ ʴʶ˄ʽˁʺ ʶʽˁˈ˄ʰ ˇ˂ˈˁ˂ʹˊʹˌ ˍʹˌ ʶˊʺ˃ˇˎ ˁʰʽ ˈ˔ʽ ˍʰ ˃ʷʴʽˋˍʰ ʺ ˍʰ 

ʶ˂ʱ˔ʽˋˍʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏˉˍˇˎ˄ ˋʶ ˄ʰ ˃ʽˁˊˈ ˃ʷˊˇˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌΦ ɳˉʾˋʹˌΣ ˃ʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ 

˒ʰʾ˄ʶˍʰʽ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍʹˌ ʶˊʹ˃ʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ʰˉˈ ˍʹ˄ ˃ʽʰ ˉʶˊʾˇʵˇ ˋˍʹ˄ ʱ˂˂ʹ ˁʰʽ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ 

ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌΦ  
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ɼɳʊɮɽɮɹʁ оΦ ɮʃʁʆɳɽɳʅɾɮʆɮ 

3.1 ɾʶ˂˂ˇ˄ˍʽˁʷˌ ˉˊˇʲˇ˂ʷˌ ˁ˂ʽ˃ʰˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ˋˁˈ˄ʹˌ ˋʶ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ 

ʅˍ̌ ˋˎʴˁʶˁˊʽ˃ʷ˄ ̌ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ˁʰʽ ʶʽʵʽˁˈˍʶˊʰ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʶ˅ʱʴˇˎ˄ ˍʰ ˍʷˋˋʶˊʰ GCM ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˍʽˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌ ʴʽʰ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ˍˇˎ ʰʷˊʰΣ ˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏ ʰ˄ʷ˃ˇˎΣ ˍˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌΣ ˍʽˌ ʶˁˉˇ˃ˉʷˌ 

ˋˁˈ˄ʹˌΣ ˁʰʽ ˍʹ˄ ˅ʹˊʺ ˁʰʽ ˎʴˊʺ ʶ˄ʰˉˈʻʶˋʹ ˋˁˈ˄ʹˌΦ ʁʽ ˁˎˊʽˈˍʶˊʶˌ ʷˊʹ˃ˇʽ ˉʱ˄˖ ˋˍʽˌ ˇˉˇʾʶˌ 

ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ʹ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ ̌ ʽ ʶ˅ʺˌ (ʅ˔ʺ˃ʰ 3.1): 

¶ ɲˎˍʽˁʺ ʅʰ˔ʱˊʰΥ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ˔˗ˊʶˌ ˍʹˌ ɲˎˍʽˁʺˌ ʅʰ˔ʱˊʰˌΣ ˍˇˎ ɾʰˊˈˁˇΣ ˍʹˌ ʆˎ˄ʹˋʾʰˌ 

ˁʰʽ ˍˇ ʲˈˊʶʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ɾʰˎˊʽˍʰ˄ʾʰˌ ˁʰʽ ˍˇˎ ɾʰ˂ʾΦ ɳˁˍʶʾ˄ʶˍʰʽ ʰˉˈ мфΣн ɰ ʷ˖ˌ 37 ɰ ˁʰʽ 

ʰˉˈ мсΣр ɲ ʷ˖ˌ млΣт ɮΦ 

¶ ɮ˄ʰˍˇ˂ʽˁʺ ʅʰ˔ʱˊʰΥ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ˔˗ˊʶˌ ˍʹˌ ɮʽʴˏˉˍˇˎΣ ˍʹˌ ɽʽʲˏʹˌΣ ˍˇˎ ɿʾʴʹˊʰ ˁʰʽ 

ˍˇˎ ʅˇˎʵʱ˄Φ ɳˁˍʶʾ˄ʶˍʰʽ ʰˉˈ мфΣн ɰ ʷ˖ˌ онΣс ɰ ˁʰʽ ʰˉˈ млΣт ɮ ʷ˖ˌ осΣр ɮΦ 

¶ ʅʱ˔ʶ˂Υ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʲˈˊʶʽʰ ʅʶ˄ʶʴʱ˂ʹΣ ˍʹ ˄ˈˍʽʰ ɾʰˎˊʽˍʰ˄ʾʰΣ ˍˇ ˁʶ˄ˍˊʽˁˈ ɾʱ˂ʽΣ ˍʹ˄ 

ʲˈˊʶʽʰ ɾˉˇˎˊˁʾ˄ʰ ʊʱˋˇΣ ˍˇ˄ ˁʶ˄ˍˊʽˁˈ ɿʾʴʹˊʰΣ ˍʹ˄ ʲˈˊʶʽʰ ɿʽʴʹˊʾʰΣ ˍˇ ˁʶ˄ˍˊʽˁˈ ʆˋʰ˄ˍΣ 

ˍˇ ˁʶ˄ˍˊʽˁˈ ʅˇˎʵʱ˄Σ ˃ʽʰ ˃ʽˁˊʺ ʷˁˍʰˋʹ ˋˍʰ ʲˈˊʶʽʰ ˍˇˎ ɿˈˍʽˇˎ ʅˇˎʵʱ˄ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ˄ 

ʲˈˊʶʽʰ ɳˊˎʻˊʰʾʰ ˋˍʰ ˉʰˊʱ˂ʽʰ ˍʹˌ ɳˊˎʻˊʱˌ ɸʱ˂ʰˋˋʰˌΦ ɳˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ммΣу ɰ ʷ˖ˌ мфΣн ɰ 

ˁʰʽ ʰˉˈ мрΣф ɲ ʷ˖ˌ плΣт ɮΦ 

¶ ɴˊʹ˃ˇˌ ɱˁˈ˃ˉʽΥ ɼʰ˂ˏˉˍʶʽ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ʲˈˊʶʽʰˌ ˁʰʽ ʲˇˊʶʽˇʵˎˍʽˁʺˌ ɼʾ˄ʰˌ ˁʰʽ ˍʹˌ ˄ˈˍʽʰˌ 

ɾˇʴʴˇ˂ʾʰˌΦ ɳˁˍʶʾ˄ʶˍʰʽ h ˉˈ оуΣу ɰ ʷ˖ˌ псΣс ɰ ˁʰʽ ʰˉˈ фрΣр A ̫ ˖ˌ ммсΣм ɮΦ 

¶ ɴˊʹ˃ˇˌ ʆʱˁ˂ʰ ɾʰˁʱ˄Υ ɳʾ˄ʰʽ ʷˊʹ˃ˇˌ ˍʹˌ ɼʶ˄ˍˊʽˁʺˌ ɮˋʾʰˌΣ ˋˍʹ˄ ʰˎˍˈ˄ˇ˃ʹ ɼʽ˄ʶʸʽˁʺ 

ʶˉʰˊ˔ʾʰ ʅʽ˄ˍˋʽʱ˄ʴˁΦ ɳˁˍʶʾ˄ʶˍʰʽ ʰˉˈ осΣу ɰ ʷ˖ˌ пнΣм ɰ ˁʰʽ ʰˉˈ тпΣм ɮ ʷ˖ˌ фмΣтɮΦ 

¶ ɴˊʹ˃ˇˌ ɼʰˊʰˁˇˏ˃Υ ɳʾ˄ʰʽ ʷˊʹ˃ˇˌ ˍʹˌ ˁʶ˄ˍˊʽˁʺ ɮˋʾʰˌ ˁʰʽ ˔˖ˊʾʸʶˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎ ɼʰʸʰˁˋˍʱ˄, 

ˍˇˎ ʁˎʸ˃ˉʶˁʽˋˍʱ˄ ˁ ʰʽ ˍˇˎ ʆˇˎˊˁ˃ʶ˄ʽˋˍʱ˄.. ɳˁˍʶʾ˄ʶˍʰʽ h ˉˈ оуΣн ɰ ʷ˖ˌ пуΣм ɰ ˁʰʽ ʰˉˈ 51,6 

ɮ ʷ˖ˌ тлΣо ɮΦ 

¶ ɴˊʹ˃ˇˌ ɽˇˎˍΥ ɳʾ˄ʰʽ ˃ʽʰ ˃ʶʴʱ˂ʹ ̫ ˊʹ˃ˇˌ h ˂ʰˍʽˇˏ ̀ ˍʹ˄ ʶˉʰˊ˔ʾʰ ˍˇˎ ɼʶˊ˃ʱ˄ ˁ ʰʽ ʅʽˋˍʱ˄ 

ɾˉʰ˂ˇˎ˔ʽˋˍʱ˄Σ ˋˍˇ ɹˊʱ˄Φ ɳˁˍʶʾ˄ʶˍʰʽ ʰˉˈ нсΣт ɰ ʷ˖ˌ омΣу ɰ ˁʰʽ ʰˉˈ роΣп ɮ ʷ˖ˌ рф ɮΦ 

¶ ɴˊʹ˃ˇˌ ʆʰˊΥ ɳʾ˄ʰʽ ˃ʾʰ ˃ʶʴʱ˂ʹΣ ʱʴˇ˄ʹ ˉʶˊʽˇ˔ʺ ˋˍˇ ʲˇˊʶʽˇʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʽ˄ʵʽˁʺˌ 

˔ʶˊˋˇ˄ʺˋˇˎ ˁʰʽ ʵʽʰˍˊʷ˔ʶʽ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ˋˎ˄ˈˊ˖˄ ˃ʶˍʰ˅ˏ ɹ˄ʵʾʰˌ ˁʰʽ ʃʰˁʽˋˍʱ˄Φ 

ɳˁˍʶʾ˄ʶˍʰʽ ʰˉˈ нпΣо ɰ ʷ˖ˌ нфΣр ɰ ˁʰʽ ʰˉˈ  спΣс ɮ ̫̟ ˌ тл ɮΦ 
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ʅ˔ʺ˃ʰ 3.1 ɼˎˊʽˈˍʶˊʶˌ ʷˊʹ˃ˇʽ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ 

3.1.1 ɸʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʰʷˊʰ 

ʅˍˇ ʅ˔ʺ˃ʰ 3.2 ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʹ ˉʰʴˁˈˋ˃ʽʰ ˃ʷˋʹ ʶˍʺˋʽʰ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʰʷˊʰ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ 

ˍʰ ˍʷˋˋʶˊʰ ˁ˂ʽ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нлмр-нмлл ˃ʶ ʲʱˋʹ ˍˇ ˋʶ˄ʱˊʽˇ SSP3.7Φ ɱʽʰ ˍʹ˄ 

ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶˉʶ˅ʶˊʴʱˋˍʹˁʰ˄ ˃ʶ ˇ˃ʰ˂ˇˉˇʾʹˋʹ ʷ˔ˇ˄ˍʰˌ ˖ˌ ʲʱˋʹ ˍʹ 

˃ʷˋʹ ˍʽ˃ʺ ˍʹˌ ̝́ ˇ˄ˇˋʶʽˊʱˌ ˁʱʻʶ ˃ˇ˄ˍʷ˂ˇˎ. ʅʶ ʴʶ˄ʽˁʱ ˉ˂ʰʾˋʽʰΣ ˍˇ ʻʶˊ˃ˇˁˊʰˋʽʰˁˈ ʶˏˊˇˌ ˁˎ˃ʰʾ˄ʶˍʰʽ 

˃ʶˍʰ˅ˏ ˍ˖˄ 14,8°C ˁʰʽ ˍ˖˄ 19,9°CΣ ˃ʶ ʵʽʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Φ ʆˇ UKESM1-0-LL ʶˁˍʽ˃ʱʶʽ 

˃ʶʴʰ˂ˏˍʶˊʹ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰΣ ʶ˄˗ ˍˇ GFDL-ESM4 ˃ʽˁˊˈˍʶˊʹΦ ʆʰ ˃ˇ˄ˍʷ˂ʰ GISS-E2-

1-G ˁʰʽ MRI-ESM2.0̄ ʰˊˇˎˋʽʱʸˇˎ˄ ˉʰˊˈ˃ˇʽʶˌ ʰ˄ˇʵʽˁʷˌ ˍʱˋʶʽˌΣ ˃ʶ ʶ˂ʱ˔ʽˋˍʶˌ ʵʽʰ˒ˇˊʷˌ ˁʰˍʱ ˍʹ˄ 

ʵʽʱˊˁʶʽʰ ˍ˖˄ ʶˍ˗˄ ˃ ʶˍʰ˅ˏ ˍˇˎˌ. 

 

ʅ˔ʺ˃ʰ 3.2: ʃh ʴˁˈˋ˃ʽʰ ˃ʷˋʹ ʶˍʺˋʽʰ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʰʷˊʰ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃̌˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нлмр-2100 όˋʶ˄ʱˊʽˇ 

SSP3.7). 
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ʅˍˇ ʅ˔ʺ˃ʰ 3.3 ˉʰˊˇˎˋʽʱy ˇ˄ˍʰʽ ˇʽ ʶˍʺ̀ ʽʶˌ ˉʰʴˁˈ̀ ˃ʽʶˌ ʰ˄˖˃ʰ˂ʾʁ ˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾh ˌ ˍˇˎ ʰʷ́  hˋʶ 

ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾʵˇ ʰ˄ʰ˒ˇˊʱˌ όмффм-2010) ʴʽʰ ˍʰ ˍʷ̀̀ ʶˊʰ ˃ˇ˄ˍʷ˂ ʰ ˃ʶ˂ʷ̱ ʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʾ̌ ʵˇ мффм-

нмллΦ ʅʶ ˉʰʴˁˈ̀ ˃ʽˇ ʶˉʾ̄ ʶʵˇ ˉʰˊʰˍʹˊʶʾ̱ ʰʽ ˃ʽʰ ˋˍʰʵʽʰˁ ̋ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾh ˌ ɻ́̋  ʰˉˈ ˍʰ ˍʷ˂́ 

ˍʹˌ ˔ʽ˂ʽʶˍʾʰ̩Σ ʹ ˇˉˇʾh  ʶʾ˄ʰʽ ˒ʰ˄ʶˊ ̋ˋʶ ˈ˂ʰ ˍʰ ˃ˇ˄ˍʷ˂ ʰΦ ʅʶ ˋˎ˃˒˖˄ʾh  ̫́ ˔ˇ˄ˍʰʽ ˍʰ ˃ˇ˄ˍʷ˂ ʰ MRI-

ESM2.0, GISS-E2-1-G ˁʰʽ GFDL-ESM4 ˁʰˍʱ ˍʰ ˇˉˇʾʰ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʰʷˊʰ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʰˎ˅ʹʻʶʾ 

ʷ˖ˌ ˍˇˎˌ о°C ˋˍʰ ˍʷ˂ʹ ˍˇˎ ʰʽ˗˄ʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌΦ ɹˋ˔ˎˊˈˍʶˊʹ ʰˏ˅ʹˋʹ 

ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍˇ UKESM1-0-LLΣ ˈˉˇˎ ˇʽ ˍʽ˃ʷˌ ʰʴʴʾʸˇˎ˄ ˍʰ ʵʽˉ˂ʱˋʽʰ ʶˉʾˉʶʵʰ όс°C) ˋʁ  ˋ˔ʷˋʹ ˃ʶ ˍʰ 

ˎˉˈ˂ˇʽˉʰ ˃ˇ˄ˍʷ˂ʰΦ 

 

ʅ˔ʺ˃ʰ 3.3 ʃʰʴˁˈˋ˃ʽʶˌ ˃ʷˋʶˌ ʶˍʺˋʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˍʹˌ  ̒ ʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʰʷˊʰ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃̌˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ 

1991-2100 όˋʶ˄ʱˊʽˇ SSP3.7). 

ʅˍˇ ʅ˔ʺ˃ʰ 3.4 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʷˋʹ ʶˍʺˋʽʰ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍˇˎ ʰʷˊʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʰ 

ˍʷˋˋʶˊʰ GCɾ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʴʽʰ ˍʽˌ ˍʷˋˋʶˊʽˌ ˃ʶ˂ʶˍ˗˃ʶ˄ʶˌ 

ˉʶˊʽˈʵˇˎˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˇʽ ʴˊʰ˃˃ʷˌ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ¦Y9{aм-0-LL 

(1  ́ʴˊʰ˃˃ʺύΣ MRI-ESM2.0 (2  ́ʴˊʰ˃˃ʺύΣ DL{{-E2-1-G (3́ ʴˊʰ˃˃ʺύΣ GFDL-ESM4 (4́ ʴˊʰ˃˃ʺύΣ ˁʰʽ ˇʽ 

ˋˍʺ˂ʶˌ ˍʹ˄ ʽˋˍˇˊʽˁʺ ˉʶˊʾˇʵˇ όм ́ˋˍʺ˂ʹύ ˁʰʽ ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ όʶɹɹ ˏˌ ˃ʷ˂˂ˇ˄ - 2  ́

ˋˍʺ˂ʹύΣ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 3  ́̀ ˍʺ˂ʹΣ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 4  ́̀ ˍʺ˂ʹ). 

ʁʽ ˍʽ˃ʷˌ ˍʹˌ ʶˍʺˋʽʰˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ ˋʶ ˈ˂ʰ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ -50C ʷ˖ˌ 

+50CΣ ˃ʶ ˍʽˌ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˄ʰ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋˍʰ ˃ʶʴʰ˂ˏˍʶˊʰ ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹ ˁʰʽ ˍʽˌ 

ˎ˕ʹ˂ˈˍʶˊʶˌ ˋˍʰ ˃ʽˁˊˈˍʶˊʰΣ ˁˎˊʾ˖ˌ ˋˍʹ ʸ˗˄ʹ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏΦ ʁʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʰ˒ˊʽˁʰ˄ʽˁʺ ʺˉʶʽˊˇ όҔплC), ʶ˄˗ ˇʽ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˉʱ˄˖ 

ʰˉˈ ˍʹ˄ ɮ˄ˍʰˊˁˍʽˁʺΦ  ʅˍˇ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ ˁ˂ʽ˃ʰˍʽˁˈ ˋʶ˄ʱˊʽˇΣ SSP3.70, ˎ ˉˇʵʶʽˁ˄ˏʶˍʰʽ ˃ʾʰ ʽˋ˔ˎˊʺ ʰˏ˅ʹˋʹ 

ˍ́ ˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˉ˂ʰ˄ʺˍʹ ˋʶ ˈ˂ʶˌ ˍʽˌ ʶ˅ʶˍʰʸˈ˃ʶ˄ʶˌ ̄ ʶˊʽˈʵˇˎˌΦ 
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ʅ˔ʺ˃ʰ 3.4: ɳˁˍʽ˃˗˃ʶ˄ʹ ˃ ʷˋʹ ʁ ˍʺˋʽʰ ̒ ʶˊ˃ˇˁˊʰˋʾʰ ̱ ˇˎ h ʷˊʰ ʰˉˈ ˍ h˃ ˇ˄ˍʷ˂ʰ UKESM1-0-LL, MRI-ESM2.0, GISS-E2-1-G, GFDL-ESM4 (ʴˊʰ˃˃ʷˌ) ɹ ʽʰ ̱ ʽˌ ̱ ʷˋˋʶˊʽˌ ˃ ʶ˂ʶˍˇˏ˃ʶ˄ʶˌ ̄ ʶˊʽˈʵˇˎˌ 

(ˋˍʺ˂ʶˌ). 
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ʁʽ ʶˁˍʽ˃˗˃ʶ˄ʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ ˋʶ ʶˍʺˋʽʰ ʲʱˋʹ ˋˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄Σ ˍʹ 

˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˁʰʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ɹ ʽʰ ˍ h˃ ʶ˂ʶˍ˗˃ʶ˄ʰ ˃ ˇ˄ˍʷ˂ʰ ̱̀ ˇ ʅ˔ʺ˃ʰ 3.5. 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ UKESM1-0-LL (1  ́ʴˊʰ˃˃ʺ ˋ˔ʺ˃ʰˍˇˌ) ˋ̱ ˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όнлнм-2040), 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍʹˌ ˍʱ˅ʁ̩̟  ˍ˖˄ 4oC ˋˍʹ˄ ʰ˒ˊʽˁʰ˄ʽˁʺ ˁʰʽ 5oC ʰˋʽʰˍʽˁʺ 

ʺˉʶʽˊˇΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˃ʶˋˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎ όнлпм-2060)Σ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ˍˇˎ ʰʷˊʰ ˉˊˈˁʶʽˍʰʽ ˄ʰ hˎ ˅ʹʻʶʾΣ ˋʶ ˃ʽˁˊˈˍʶˊʰ ʶˉʾˉʶʵʰ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶʽˁˇˋʰʶˍʾʰ,  ˁʰˍʱ 

3,5oC ˋˍʹ˄ ˁʶ˄ˍˊʽˁʺ ˁʰʽ ɿΦ ɮ˒ˊʽˁʺ ˁʰʽ 4oC ˋˍʹ ɰ. ɮ˒ˊʽˁʺ ˁʰʽ ɮˋʾʰΦ ɹʵʽʰʾˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ 

ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ˁʰˍʱ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-2100)Σ ˁʰʻ˗ˌ 

ʶˁˍʽ˃ʱˍʰʽ ˃ʾʰ ʽˋ˔ˎˊʺ ʰˏ˅ʹˋʹ ˍʹˌ ʶˍʺˋʽʰˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ, ʰ˄ʰ˃ʷ˄ʶˍʰʽ 

ʰˏ˅ʹˋ ́ˁʰˍʱ 6,5oC ˋˍʹ˄ ɮ˒ˊʽˁʺΣ рoC ˋˍʹ˄ ɳˎˊ˗ˉʹ ˁʰʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ 7,5oC ˋˍʹ˄ ɮˋʾʰΦ ɾʶʴʰ˂ˏˍʶˊʹ 

ʱ˄ˇʵˇˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˋˍʰ ˃ʶʴʱ˂ʰ ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹ ˈˉ˖ˌ ˋˍʹ˄ ɮˊˁˍʽˁʺΣ ˍʹ˄ 

ʅʽʲʹˊʾʰ ˁʰʽ ˍˇ˄ ɼʰ˄ʰʵʱΦ 

ʅˍʹ˄ ʵʶˏˍʶˊʹ ʴˊʰ˃˃ʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ  ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ 

ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ MRI-ESM2.0. ʅˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όнлнм-2040) 

ʶˁˍʽ˃ʱˍʰʽ ʰˏ˅ʹˋʹ м,5oC ˋʶ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ɮ˒ˊʽˁʺ ˁʰʽ ˍʹ ˄ ɮˋʾʰ. ɼʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ 

˃ʶˋˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎ όнлпм-2060) ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˃ʾʰ ʰˏ˅ʹˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 2,4oC ˋˍʹ˄ ɼΦ-ɿΦ 

ɮ˒ˊʽˁʺ ˁʰʽ н,5oC ˋˍʹ ɰΦ ɮ˒ˊʽˁʺ ˁʰʽ ˍʹ˄ ɮˋʾʰΦ ʆʷ˂ˇˌΣ ʴʽʰ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-2100), 

ʹ ʰˏ˅ʹˋʹ ˍʹˌ ʶˍʺˋʽʰˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ ˁˎ˃ʰʾ˄ʶˍʰʽ ˋˍˇˎˌ 4,5oC ˋˍʹ˄ ɮ˒ˊʽˁʺ ˁʰʽ ˍʹ˄ ɮˋʾʰΦ 

ɶ ɮ́ ˁˍʽˁʺ ˁʰʽ ˇ ɰΦ ɼʰ˄ʰʵʱˌ ʰˉˇˍʶ˂ˇˏ˄ ˉʱ˂ʽ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˍʽˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌΦ 

ɮ˄ˍʾʻʶˍʰΣ ˃ʶʾ˖ˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΣ ʹ ˇˉˇʾʰ ʵ ʁʻʰ ˅ʶˉʶˊ˄ʱʶʽ ˍˇˎˌ рoC, ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍˇ˄ ɰΦ 

ɮ̱ ˂ʰ˄ˍʽˁˈΦ 

ʃʰˊˈ˃ˇʽʰ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʶˍʺˋʽʰˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0 

ʶ˃˒ʰ˄ʾʸˇˎ˄ ˁʰʽ ˍʰ ˃ˇ˄ˍʷ˂ʰ GISS-E2-1-G ˁʰʽ GFDL-ESM4 (3  ́ˁʰʽ п ́ʴˊʰ˃˃ʺ ˋ˔ʺ˃ʰˍˇˌΣ ʰ˄ˍʾˋˍˇʽ˔ʰύΦ 

ʅˍʹ˄ ʰˊ˔ʺ ˍˇˎ ʰʽ˗˄ʰ (2021-2040) ʶˁˍʽ˃ʱˍʰʽ ʰˏ˅ʹˋʹ 1,5oC ˋʶ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ʺˉʶʽˊˇ ˍʹˌ ɮ˒ˊʽˁʺˌ 

ˁʰʽ ˍʹˌ ɮˋʾʰˌ ˁʰʽ ˋˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлпм-2060) ʰˏ˅ʹˋʹ нoC ˋˍʹ˄ ɼΦ-ɿΦ ɮ˒ˊʽˁʺ ˁʰʽ 

2,5oC, ˋˍʹ ɰΦ ɮ˒ˊʽˁʺ ˁʰʽ ˍʹ˄ ɮˋʾʰΦ ɼʰˍʱ ˍʹ ˃hˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ (2081-2100), ʹ hˏ ˅ʹˋʹ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰʷˊʰ ʶˁˍʽ˃ʱˍʰʽ ʴˏˊ˖ ˋˍˇˎˌ пoC ̀ ˍʽˌ ʹˉʶʾˊˇˎˌ ˍʹˌ ɮ˒ˊʽˁʺ ̩ˁ ʰʽ ˍʹ ̩ɮˋʾʰˌΦ 

ɾʶˍʰ˅ˏ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Σ ˍˇ UKESM1-0-LL ˉʰˊˇˎˋʽʱʸʶʽ ˍʹ˄ ˎ˕ʹ˂ˈˍʶˊʹ ʰˏ˅ʹˋʹ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ нмˇ ˎʰʽ˗˄ʰΣ ˂ˈʴ˖ ˍʹˌ ˎ˕ʹ˂ʺˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʶˎʰʽˋʻʹˋʾʰˌ ˍˇˎΣ 

ʶ˄˗ ʹ ˃ʽˁˊˈˍʶˊʹ ˍʱˋʹ ʻʷˊ˃ʰ˄ˋʹˌ ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ʰˉˈ ˍˇ GFDL-ESMп ˂ˈʴ˖ ˃ʽˁˊˈˍʶˊʹˌ 

ˁ˂ʽ˃ʰˍʽˁʺˌ ʶˎʰʽˋʻʹˋʾʰˌ. 
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ʅ˔ʺ˃ʰ 3.5: ɳˁˍʽ˃˗˃ʶ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˃ʷˋʹˌ ʶˍʺˋʽʰˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˈ ˍ h˃ ˇ˄ˍʷ˂ hUKESM1-0-LL, MRI-ESM2.0, GISS-E2-1-G, GFDL-9{aп όʴˊʰ˃˃ʷˌύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ 

ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (1  ́̀ ˍʺ˂ʹύ , ̱ ʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ (2  ́̀ ˍʺ˂ʹύΣ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ ό3  ́̀ ˍʺ˂ʹ). 
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3.1.2 ɰˊˇ˔ˈˉˍ˖ˋʹ 

ʅˍˇ ʅ˔ʺ˃ʰ 3.6 ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˉʰʴˁˈˋ˃ʽʰ ˃ʷˋʹ ʶˍʺˋʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹ ʰˉˈ ̱h 

ˍʷˋˋʶˊʰ GCM ˃ʶ˂ʷˍʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нлмр-2100. ɾʶ ɹˁˊʽ ˔ˊ˗˃ʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 

ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Σ ʶ˄˗ ˃ʶ ˍʰ ˔ˊ˗˃ʰˍʰ 

(UKESM1-0-LL -ˁˈˁˁʽ˄ˇ, GISS-E2-1-G -˃ʰˏˊˇΣ awL-ESM2.0 -ˉˊʱˋʽ˄ˇΣ DC5[-ESM4 -˃ˉ˂ʶύ 

ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˇʽ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʶˌ ˍʱˋʶʽˌΦ ʂˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ 

ʰʷˊʰΣ ˉʰˊˈ˃ˇʽʰ ˁʰˍʱˋˍʰˋʹ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰʽ ˃ʶ ˍʹ˄ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ˈˉˇˎ  ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˃ʶ ˍʹ˄ 

˃ʶʴʰ˂ˏˍʶˊʹ ˁ˂ʽ˃ʰˍʽˁʺ ʶˎʰʽˋʻʹˋʾʰΣ UKESM1-0-LL, ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˍʱˋʹ ˍ˖˄ ˎ˕˗˄ 

ʲˊˇ˔ʺˌ όPmin=1134 mm/year (1%) ˍˇ нлно ˁʰʽ Pmax=1249 mm/year (11,3%) ˍˇ нмллύ ˁʰʽ ˋˍˇ GFDL-

9{aп ˉˊˇˋˇ˃ˇʽ˗˄ˇ˄ˍʰʽ ˍʰ ˃ʽˁˊˈˍʶˊʰ ˏ˕ʹ (Pmin=1072 mm/year ˍˇ нлор ˁʰʽ Pmax=1100 

mm/year(2.5%) ˍˇ нлфтύΦ ʆʰ ˎˉˈ˂ˇʽˉʰ ʵˎˇ ˃ˇ˄ˍʷ˂ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉʰˊˈ˃ˇʽ hˍʱˋʹΣ ˃ʶ ˍʹ 

ʵʽh˒ ˇˊɦ ˄ʰ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍˇ ʵʶˏˍʶˊˇ ˃ʽˋˈ ˍˇˎ ʰʽ˗˄ʰΣ ˈˍʰ˄ ˍˇ MRI-ESM2.0 ʶ˃˒ʰ˄ʾʸʶʽ ˉʶˊʾˉˇˎ рл 

mm/year ̄ ʰˊʰˉʱ˄˖ ʰˉˈ ˍˇ GISS-E2-1-G. 

 

ʅ˔ʺ˃ʰ 3.6: ʃh ʴˁˈˋ˃ʽʰ ˃ʷˋʹ ʶˍʺˋʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃̌˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нлмр-2100 όˋʶ˄ʱˊʽˇ 

SSP3.7). 

ʅˍˇ ʅ˔ʺ˃ʰ 3.7 ˉʰˊˇˎˋʽʱy ˇ˄ˍʰʽ ˇʽ ʶˍʺ̀ ʽʶˌ ˉʰʴˁˈ̀ ˃ʽʶˌ ʰ˄˖˃ʰ˂ʾʁ ˌ ˍʹˌ ʲˊˇ˔ˈ̄ ˍ˖ˋʹˌ ʴʽʰ ˁʱʻʶ 

ʷ˄ ʰ ˃ˇ˄ˍʷ˂  ̌˃ʶ˂̱̫ʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʾ̌ ʵˇ мффм-2100. ʂˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾ̄ ˍ˖ˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾh ˌ 

ˍˇˎ ʰʷ́ ʰΣ ˉʰˊˈ˃ ˇʽʰ ʶʽˁˈ˄h  ʶ˄ˍˇˉʾy ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ʲˊˇ˔ˈ̄ ˍ˖ˋʹ ˃ʶ ˍʹ˄ ʰˎ˅ʹˍʽˁ ̋ ˍɦˋʹ ˄ʰ 

ˁʰˍʰʴˊʱ˒ ʶˍʰʽ ʰˉˈ ˍʽˌ ʰˊ˔ʷ̩  ˍˇˎ ʰʽ˗˄ ʰ ˁʰʽ ˄ʰ ˁˇˊˎ˒˗˄ ʶˍʰʽ ˋˍʰ ˍʷ˂ ʹ ʰˎˍˇΦˏ ɶ ˃ʶʴʰ˂ˏ̱ ʶˊʹ 

ʵʽʰ˒ˇˊˇˉˇʾ́ ˋʹ ʶˁʵʹ˂˗˄ ʶˍʰʽ ˋˍˇ UKESM1-0-[[ ˋˍˇ ˇˉˇʾˇ ˍˇ ˏ˕ˇˌ ʲˊˇ˔ʺˌ ʻʰ ˅ʶˉʶˊʱˋʶʽ ˍʰ мнл 

mm/year ˍˇ нмллΦ ʅʹ˃ʰ˄ˍʽˁʺ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ʹ ʰˏ˅ʹˋʹ ˍˇˎ ˎʶˍˇˏ ˁʰʽ ˋˍˇ awL-ESM2.0, ˈˉˇˎ 
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ˇʽ ˍʽ˃ʷˌ ʻʰ ˒ˍʱˋˇˎ˄ ˍʰ ул mm/yearΣ ʶ˄˗ ˋʶ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ ˁˎ˃ʰʾ˄ʶˍʰʽ ʹ ˃ʶˍʰʲˇ˂ʺ ˋˍʰ ʱ˂˂ʰ 

ʵˎˇ ˃ˇ˄ˍʷ˂ʰΣ ˃ʶ ˍʹ˄ ʲˊˇ˔ˈˉˍ˖ˋʹ ˄ʰ ˃ʹ˄ ˅ʶˉʶˊ˄ʱ ˍʰ пл mm/year. 

 

ʅ˔ʺ˃ʰ 3.7 ʃʰʴˁˈˋ˃ʽʶˌ ˃ʷˋʶˌ ʶˍʺˋʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˍʹˌ  ̡ ˊˇ˔ˈˉˍ˖ˋʹˌ ɹ ʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃̌˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ 1991-

2100 όˋʶ˄ʱˊʽˇ SSP3.7). 

ʅˍˇ ʅ˔ʺ˃ʰ 3.8 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʷˋʹ ʶˍʺˋʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ˍʽˌ 

ˍˊʶʽˌ ˃ʶ˂ ˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˍʷˋˋʶˊʰ ˉʰʴˁˈˋ˃ʽʰ ˁ˂ʽ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΦ ʁʽ 

ʴˊʰ˃˃ʷˌ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ¦Y9{aм-0-LL (1́ ʴˊʰ˃˃ʺύΣ MRI-

ESM2.0 (2  ́ʴˊʰ˃˃ʺύΣ DL{{-E2-1-G (3́  ɹ ˊʰ˃˃ʺύΣ GFDL-ESM4 (4́ ɹ ˊʰ˃˃ʺύΣ ˁʰʽ ˇʽ ˋˍʺ˂ʶˌ ˍʹ˄ ʽˋˍˇˊʽˁʺ 

ˉʶˊʾˇʵˇ όм ́ˋˍʺ˂ʹύ ˁʰʽ ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ όʶɹɹ ˏˌ ˃ʷ˂˂ˇ˄ - 2  ́ˋˍʺ˂ʹύΣ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ 

ˉʶˊʾˇʵˇˌ - 3  ́̀ ˍʺ˂ʹΣ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 4  ́̀ ˍʺ˂ʹ). 

ʆʰ ˃ʶʴʰ˂ˏˍʶˊʰ ˏ˕ʹ ʲˊˇ˔ʺˌ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋˍʹ˄  ɹˋʹ˃ʶˊʽ˄ʺ ʸ˗˄ʹ ˁʰʽ ˁˎˊʾ˖ˌ ˋˍʰ ˔ʰ˃ʹ˂ʱ 

ʴʶ˖ʴˊʰ˒ʽˁʱ ˉ˂ʱˍʹ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏΦ ɳʽʵʽˁˈˍʶˊʰΣ ˋˍ́˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹ˄ʵˇ˄ʹˋʾʰˌΣ ˍ˖˄ 

ʊʽ˂ʽˉˉʾ˄˖˄ ˁʰʽ ˋˍʰ ʵˎˍʽˁʱ ˉʰˊʱ˂ʽʰ ˍʹˌ ɼΦ ɮ˃ʶˊʽˁʺˌ ˍʰ ˏ˕ʹ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ 5000-6000 

mm/yearΦ ɮ˄ˍʾʻʶˍʹ ʶʽˁˈ˄ʰ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ ɰΦ ɮ˒ˊʽˁʺΣ ˈˉˇˎ ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ˅ʹˊˈˍʶˊʶˌ ˋˎ˄ʻʺˁʶˌ 

(>200 mm/year) ̀ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ. 
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ʅ˔ʺ˃ʰ 3.8: ɳˁˍʽ˃˗˃ʶ˄ʹ ˃ʷˋʹ ʶˍʺˋʽʰ ʲˊˇ˔ˈˉˍ˖ˋʹ ʴʽʰ ˍʰ ˃ˇ˄ˍʷ˂ʰ ¦Y9{aм-0-LL, GISS-E2-1-G, MRI-ESM2.0, GFDL-9{aп όʴˊʰ˃˃ʷˌύ ʴʽʰ ˍʽˌ ˍʷˋˋʶˊʽˌ ˃ʶ˂ʶˍˇˏ˃ʶ˄ʶˌ ˉʶˊʽˈʵˇˎˌ όˋˍʺ˂ʶˌύΦ 
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ʅˍˇ ʅ˔ʺ˃ʰ 3.9 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʶˁˍʽ˃˗˃ʶ˄ʹ ʰˉˈ ˍʰ ̱̫ ˋˋʶˊʰ ˃ˇ˄ˍʷ˂ʰ ˃ʶˍʰʲˇ˂ʺ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶʽ 

ʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˋˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌΦ 

ɳʽʵʽˁˈˍʶˊʰΣ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ UKESM1-0-LL (1  ́ʴˊʰ˃˃ʺύ, ʹ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ˃ʶˍʰʲˇ˂ʺ ˋˍʰ ˏ˕ʹ 

ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʸ˗˄ʹˌ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏΣ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ ˍʽˌ ˃ʷʴʽˋˍʶˌ 

ˍʽ˃ʷˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʅˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (2021-2040), h ˄ʰ˃ʷ˄ʶˍʰʽ ʰˏ˅ʹˋʹ ˁʰˍʱ молл mm/year ˁʰˍʱ 

˃ʺˁˇˌ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏ ˁʰʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ 1000 mm/year ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ʰˎˍˇˏΣ ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˍʹˌ ʃʰˉˇˏʰ-ɿʷʰˌ ɱˇˎʽ˄ʷʰˌ. ʅʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍ˖˄ 600 mm/year ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˋˍˇ 

ɲΦ ɹ˄ʵʽˁˈ ˖ˁʶʰ˄ˈ ˁʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɮˍ˂ʰ˄ˍʽˁˇˏ ˖ˁʶʰ˄ˇˏΣ ˋˍˇ ˏ˕ˇˌ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏΣ ʶ˄˗ ˃ʶʾ˖ˋʹ 

400-600 mm/year ʶˁˍʽ˃ʱˍʰʽ ˋˍˇ˄ ɮΦ ɹ˄ʵʽˁˈ ˖ˁʶʰ˄ˈ, ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹ˄ʵˇ˄ʺˋʽʰˌΦ ɾʽˁˊʺ ˃ʶʾ˖ˋʹ 

150-300 mm/year ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋˍʹ˄ ɼΦɰΦ ɽh ˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺΦ ɶ ˃ʶˍʰʲˇ˂ʺ ʰˎˍʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ 

ʷ˄ˍˇ˄ʹ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ˉ˂ʹˋʽʱʸˇ˄ˍʰˌ ˍʰ 800 mm/year ˋˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ 

˃ʷˊˇˌ ˍˇˎ ʹˉʶʽˊ˖ˍʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌΦ ʅˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-2100) ̄ ʰˊʰˍʹˊʶʾˍʰʽ ˃ʾh  

ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˉˇˎ ˅ʶˉʶˊ˄ʱʶʽ ˍʰ 1500 mm/year ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏ ˋˍˇ ˏ˕ˇˌ 

ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏΦ ʃʶˊʰʽˍʷˊ˖ ˃ʶʾ˖ˋʹ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹ˄ʵˇ˄ʹˋʾʰˌ ˁʰʽ ˍˇˎ ɲΦ ɹ˄ʵʽˁˇˏ 

˖ˁʶʰ˄ˇˏ ˁʰʽ ʰˏ˅ʹˋʹ ˉˇˎ ˒ˍʱ˄ʶʽ ˍʰ 1000 mm/year ˋˍˇ˄ ɮΦ ɹ˄ʵʽˁˈ ˖ˁʶʰ˄ˈΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ 

ɮˊʰʲʽˁʺˌ ɸʱ˂ʰˋˋʰˌΦ ʅˍʹ˄ ɼΦ-ɰΦ ɽh ˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ 800-1000 mm/year. 

ɳˉʽˉ˂ʷˇ˄Σ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˃ʶˍʰʲˇ˂ʺ ˁʰʽ ˋˍʹ˄ ɮ˒ˊʽˁʰ˄ʽˁʺ ʺˉʶʽˊˇΦ ɮ˄ʰ˂ˎˍʽˁʱ, 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʶ˂ʱˍˍ˖ˋʹ 400-600 mm/year ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʹˉʶʾˊˇˎ ˁʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ 

ɼˈ˂ˉˇˎ ˍʹˌ ɱˇˎʽ˄ʷʰˌ, ʶ˄˗ ʶ˄ʾˋ˔ˎˋʹ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍʹ˄ ɼΦ ɮ˒ˊʽˁʺ, ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 600 mm/year. 

ʆʷ˂ˇˌ, ˋʹ˃ʱʵʽʰ ˅ʹˊʰˋʾʰˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋˍʹ˄ ɾʶˋˈʴʶʽˇ ˃ʶ ˍʹ˄ ʲˊˇ˔ˈˉˍ˖ˋʹ ˄ʰ ʶ˂ʰˍˍ˗˄ʶˍʰʽ ˁʰˍʱ 

200 mm/year. 

ʅˍʹ ʵʶˏˍʶˊʹ ʴˊʰ˃˃ʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ʹ ˃ʶˍʰʲˇ˂ʺ ˋˍʹ ˃ʷˋʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˉˇˎ 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˁʰˍʱ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0. ɼʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ 

(2021-2040), ʶˁˍʽ˃ʱˍʰʽ ʰˏ˅ʹˋʹ 800-1000 mm/year ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏ ˁʰʽ 

˃ʶʾ˖ˋʹ 400-600 mm/year ˋˍˇ ˁʶ˄ˍˊʽˁˈ ˍˇˎ ˍ˃ʺ˃ʰ. ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʷˊ˔ʶˍʰʽ ˋʶ ʰ˄ˍʽʵʽʰˋˍˇ˂ʺ ˃ʶ 

ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ɳˉʽˉ˂ʷˇ˄Σ ʰˏ˅ʹˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 600 mm/year 

ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˋˍˇ ɲΦ ɹ˄ʵʽˁˈ ˖ˁʶʰ˄ˈ ˁʰʽ ˋˍˇ˄ ɮˍ˂ʰ˄ˍʽˁ ̍˖ˁʶʰ˄ ̍ˋˍˇ ˏ˕ˇˌ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏΣ ʶ˄˗ 

˃ʶʾ˖ˋʹ 400-600 mm/year ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˋˍˇ˄ ɮΦ ɹ˄ʵʽˁˈ ˖ˁʶʰ˄ˈ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹ˄ʵˇ˄ʹ̀ʾh̩ . ɾʽˁˊʺ 

˃ʶʾ˖ˋʹ 200-300 mm/year ʻʰ ˋʹ˃ʶʽ˖ʻʶʾ ˋˍʹ˄ ɼΦ-ɰΦ ɽʰˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺΦ ɼʰˍʱ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ 

ˉʶˊʾˇʵˇ (2041-2060) ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˃ʶˍʰʲˇ˂ʷˌ ˃ʽˁˊˈˍʶˊʹˌ ʷ˄ˍʰˋʹˌ ˋˍʹ ʲˊˇ˔ˈˉˍ˖ˋʹ ˋʶ ˋ˔ʷˋʹ 

˃ʶ ʁˁ ʶʾ˄ʶˌ ˍʹˌ ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ ˉʶˊʽˈʵˇˎΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 200 mm/year. ʅˍʹ 

˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-2100) ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˃ʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 

1200-1400 mm/year ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏ ˋˍˇ ˏ˕ˇˌ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏ. ɾʶʾ˖ˋʹ 600-

800 mm/year ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹ˄ʵˇ˄ʹˋʾʰˌ ˁʰʽ ˍˇˎ ɲΦ ɹ˄ʵʽˁˇˏ ˖ˁʶʰ˄ˇˏΣ ˉʰˊʱ˂˂ʹ˂ʰ 

˃ʶ ˃ʾʰ ʰˏ˅ʹˋʹ 800 mm/year ˋˍˇ˄ ɮΦ ɹ˄ʵʽˁˈ ˖ˁʶʰ˄ˈΣ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɮˊʰʲʽˁʺˌ 

ɸʱ˂ʰˋˋʰˌΦ ʅˍʹ˄ ɼΦ-ɰΦ ɽh ˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ 800-1000 mm/year. 

ɶ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˋˍʰ ˏ˕ʹ ʲˊˇ˔ʺˌ ˁʰˍʱ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ 

˃ˇ˄ˍʷ˂ˇ GISS-E2-1-G ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ ˍˊʾˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ. ʅˍʹ˄ ʰˊ˔ʺ ˍˇˎ ʰʽ˗˄ʰ (2021-

2040), ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʰˏ˅ʹˋʹ 400-500 mm/year ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁ ʶʰ˄ˇˏ ˁʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ 

ˍʱ˅ʶ˖ˌ ˍ˖  ˄350 mm/year ˋˍˇ ʵˎˍʽˁˈ ˍˇˎ ˍ˃ʺ˃ʰ ˁʰʽ ʶʽʵʽˁˈˍʶˊʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʃʰˉˇˏʰ-ɿʷʰˌ 

ɱˇˎʽ˄ʷʰˌ. ʅˍʹ˄ ʶˉˇ˃ʷ˄ʹ ˉʶˊʾˇʵˇ (2041-2060),  ́ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ʰˏ˅ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 
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ʶˁˍʽ˃ʱˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏ ˁʰʽ ˒ˍʱ˄ʶʽ ˍʰ 600 mm/year. ɼʰˍʱ ˍʹ 

˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-2100) ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˃ʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 1200-1400 mm/year ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏ. ɾʶʾ˖ˋʹ 600-800 

mm/year ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹ˄ʵˇ˄ʹˋʾʰˌ ˁʰʽ ˍˇˎ ɲΦ ɹ˄ʵʽˁˇˏ ˖ˁʶʰ˄ˇˏ. ʅˍʹ˄ K.-B. 

ɽh ˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ʰˏ˅ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˇˎ ˒ˍʱ˄ʶʽ ʷ˖ˌ ˍʰ 1400 mm/yearΦ ʅˍʹ˄ 

ɼΦ-ɰΦ ɽh ˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ 800-1000 mm/year. ʅˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰ 

ˁʰˍʰʴˊʱ˒ʶˍʰʽΣ ʶˉʾˋʹˌΣ ˃ʶˍʰʲˇ˂ʺ ˁʰʽ ˋˍʹ˄ ɮ˒ˊʽˁʰ˄ʽˁʺ ʺˉʶʽˊˇΦ ɮ˄ʰ˂ˎˍʽˁʱ, ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʶʾ˖ˋʹ 

400-500 mm/year ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʹˉʶʾˊˇˎ ˁʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ɼˈ˂ˉˇˎ ˍʹˌ ɱˇˎʽ˄ʷʰˌΦ 

ɮˏ˅ʹˋʹ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍʹ˄ ɼΦ ɮ˒ˊʽˁʺ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 600 mm/yearΦ ʆʷ˂ˇˌ, ˋʹ˃ʱʵʽʰ ˅ʹˊʰˋʾʰˌ 

ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋˍʹ ɾʶˋˈʴʶʽˇ ˃ʶ ˍʹ˄ ʲˊˇ˔ˈˉˍ˖ˋʹ ˄ʰ ʶ˂ʰˍˍ˗˄ʶˍʰʽ ˁʰˍʱ 200 mm/year. 

ʅˍˇ ˃ˇ˄ˍʷ˂ˇ GFDL-ESM4 ˁʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (2021-2040), ˈˉ˖ˌ ˁʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ GISS-E2-1-

G, ʶˁˍʽ˃ʱˍʰʽ ʰˏ˅ʹˋʹ ˁʰʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɳʽˊʹ˄ʽˁˇˏ ˖ˁ ʶʰ˄ˇˏ ˁʰʽ ˍˇˎ ʵˎˍʽˁˇ  ˏˍˇˎ 

ˍ˃ʺ˃ʰˍˇˌ, ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʃʰˉˇˏʰ-ɿʷʰˌ ɱˇˎʽ˄ʷʰˌΣ ʰ˄ˍʾˋˍˇʽ˔ʰ. ʅˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ 

(2041-2060), ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ʶ˃˒ʰ˄ʾʸʶʽ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ 

ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ ˎˉˈ˂ˇʽˉʰ ˃ˇ˄ˍʷ˂ʰ. ɳʽʵʽˁˈˍʶˊʰΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ̀ ʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ɳ̔ ˊʹ˄ʽˁˇˏ ˖ˁʶʰ˄ˇˏΣ ʹ ʻʰ ˒̱ ʱ˄ʶʽ ʷ˖ˌ ˍʰ 600-700 

mm/year, ˁʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˋˍʹ˄ ʹ̄ ʶʽˊ˖ˍʽˁʺ ɽh ˍʽ˄ʽˁʺ ɮ˃ʶˊʽˁʺ ό600 mm/year). ʅˍˇ ˍʷ˂ˇˌ ˍˇˎ 

ʰʽ˗˄ʰ (2081-2100), h ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˃ʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 1200-

1400 mm/year ˋˍˇ˄ ɳʽˊʹ˄ʽˁˈ ˖ˁʶʰ˄ˈ ˋˍˇ ˏ˕ˇˌ ˍˇˎ ɹˋʹ˃ʶˊʽ˄ˇˏ. ɾʶʾ˖ˋʹ 400-600 mm/year 

ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɹ˄ʵˇ˄ʹˋʾʰˌ ˁʰʽ ˍˇˎ ɲΦ ɹ˄ʵʽˁˇˏ ˖ˁʶʰ˄ˇˏ. ʅˍʹ˄ ɼΦ-ɰΦ ɽh ˍʽ˄ʽˁʺ 

ɮ˃ʶˊʽˁʺ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ 800-1000 mm/year. 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˃ʶˍʰʲˇ˂ʺ ̩ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˉˊˇʲʱ˂˂ʶˍʰʽ ˋˍˇ ʅ˔ʺ˃ʰ 3.10 ʹ 

ˉˇˋˇˋˍʽʰʾʰ ʶˁˍʽ˃˗˃ʶ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˃ʷˋʹˌ ʶˍʺˋʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ɮ˒ˊʽˁʺ 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʽʰ ʽˋ˔ˎˊʺ ʰˏ˅ʹˋʹ ˋˍʹ˄ ʷˊʹ˃ˇ ʅʰ˔ʱˊʰ ˁʰʽ ˍˇ ʅʱ˔ʶ˂Σ ʹ ˇˉˇʾʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˃ˇ˄ˍʷ˂ʰ 

UKESM1-0-LL ˁʰʽ MRI-ESM2.0Σ ʻʰ ˒ˍʱˋʶʽ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰ ˋˍʰ нпл҈ ˁʰʽ мсл҈ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ɮˎ˅ʹˍʽˁʺ ˍʱˋʹ ˋʶ ˃ʽˁˊˈˍʶˊʰ ʶˉʾˉʶʵʰ όсл-тл҈ύ ʶˁˍʽ˃ʱˍʰʽ ˁʰʽ ʰˉˈ ˍʰ ʱ˂˂ʰ ʵˎˇ ˃ˇ˄ˍʷ˂ʰΣ GISS-E2-

1-G ˁʰʽ GFDL-ESM4Σ ˋˍʹ˄ ɮΦ ʅʰ˔ʱˊʰΣ ˃ʶ ˍʹ˄ ʵʽʰ˒ˇˊʱ ˄ʰ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ʰˎˍʺˌΣ 

ˁʰʻ˗ˌ ˋˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˃ʶʾ˖ˋʹ рл-60%. 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ˉˇˋˇˋˍʽʰʾʰ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋˍʹ˄ ɮˋʾʰΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʰˏ˅ʹˋʹ ˋˍˇ 

˃ʶʴʰ˂ˏˍʶˊˇ ˍ˃ʺ˃ʰ ˍʹˌ ʶˊʺ˃ˇˎΦ ɮ˄ʰ˂ˎˍʽˁʱΣ ʶˁˍʽ˃ʱˍʰʽ ʰˏ˅ʹˋʹ ˉˇˎ ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ ˍˇ пл-сл ҈ ʴʽʰ 

ˍʰ ˃ˇ˄ˍʷ˂ʰ MRI-ESM2.0, GISS-E2-1-G ˁʰʽ GFDL-ESM4, ˃ʶ ˍʹ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ˃ʶˍʰʲˇ˂ʺ ˄ʰ 

ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽΦ ʅʶ ˃ʶʴʰ˂ˏˍʶˊʰ ʶˉʾˉʶʵʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʰˏ˅ʹˋʹ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ 

UKESM1-0-LLΣ ˁʰʻ˗ˌ ʹ ʰˏ˅ʹˋʹ ˉˇˎ ˁʰˍʰʴˊʱ˒ʶˍʰʽΣ ʰʴʴʾʸʶʽ ˍˇ нлл҈ ˋˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˁʰʽ ˍˇ 

150% ̀ ˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ˂ʰ ɾʰˁʱ˄ ˁʰˍʱ ˍʹ˄ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˉʶˊʾˇʵˇΦ 
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ʅ˔ʺ˃ʰ 3.9Υ ɳˁˍʽ˃˗˃ʶ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˃ ʷˋʹˌ ʁ ˍʺˋʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ UKESM1-0-LL, MRI-ESM2.0, GISS-E2-1-G, GFDL-ESMп όʴˊʰ˃˃ʷˌύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ 

(1991-2010) ɹ ʽʰ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όм ́̀ ˍʺ˂ʹύ Σ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όн ́̀ ˍʺ˂ʹύΣ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όо ́̀ ˍʺ˂ʹύΦ 
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ʅ˔ʺ˃ʰ 3.10 ɳˁˍʽ˃˗˃ʶ˄ʹ ˉˇˋˇˋˍʽʰʾʰ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˃ʷˋʹˌ ʶˍʺˋʽʰˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ UKESM1-0-LL, MRI-ESM2.0, GISS-E2-1-G, GFDL-ESMп όʴˊʰ˃˃ʷˌύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ 

ʰ˄ʰ˒ˇˊʱˌ όмффм-нлмлύ ʴʽʰ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όмʹ ˋˍʺ˂ʹύ Σ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнʹ ˋˍʺ˂ʹύΣ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όо ́̀ ˍʺ˂ʹύΦ 
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3.1.3 ɳˉʽ˒ʰ˄ʶʽʰˁʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʰ˄ʷ˃ˇˎ 

ʃʰˊˈˍʽ ʹ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʱ˄ʶ˃ˇˎ ʷ˔ʶʽ ˋʹ˃ʰˋʾʰ ˄ʰ ˃ʶ˂ʶˍʱˍʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˋʶ 

ˍˇˉʽˁˈ ʶˉʾˉʶʵˇ ˁʰʽ ˈ˔ʽ ˍˈˋˇ ˋʶ ˉʰʴˁˈˋ˃ʽʰ ˁ˂ʾ˃ʰˁʰΣ ˋˍˇ ʅ˔ʺ˃ʰ 3.11 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˉʰʴˁˈˋ˃ʽʰ 

˃ʷˋʹ ʶˍʺˋʽʰ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏ ʱ˄ʶ˃ˇˎ ʴʽʰ ˍˇ ʵʽʱˋˍʹ˃ʰ нлмр-нмллΣ ˃ʶ ˋˁˇˉˈ ˄ʰ 

ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˍʰ ʶˉʾˉʶʵʰ ˋˍʰ ˇˉˇʾʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃ʶ˂ʶˍ˗˃ʶ˄ʰ 

GCM. ɶ ʴʶ˄ʽˁʺ ʶ˄ˍˏˉ˖ˋʹ ˉˇˎ ʵʽʰ˃ˇˊ˒˗˄ʶˍʰʽ ʶʾ˄ʰʽ ˉ˖ˌ ʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʱ˄ʶ˃ˇˎ ˉʰˊʰ˃ʷ˄ʶʽ ˋʶ 

ˋˍʰʻʶˊʱ ʶˉʾˉʶʵʰ ˃ʶ ˃ʾh ʶ˂ʱ˔ʽˋˍʹ ˉˍ˗ˋʹ ˋˍʰ ˍʷ˂ʹ ˍˇˎ ʰʽ˗˄ʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍˇ MRI-ESM2.0 

ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʷ˄ˍʰˋʹ ˍˇˎ ʱ˄ʶ˃ˇˎ ˃ʶ ˍʽ˃ʷˌ ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʰ с,8 m/sΦ ʅʶ ʷ˄ʰ 

˃ʽˁˊˈˍʶˊˇ ʶˏˊˇˌ όс,2-6,4 m/s) ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˍʰ ˃ˇ˄ˍʷ˂ʰ UKESM1-0-LL ˁ ʰʽ DC5[-9{aпΣ ʶ˄˗ ˇʽ 

˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˍʽ˃ʷˌ όр,7 m/sύ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋˍˇ DL{{-E2-1-G.  

 

ʅ˔ʺ˃ʰ 3.11: ʃʰʴˁˈˋ˃ʽʰ ˃ʷˋʹ ʶˍʺˋʽʰ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʰ˄ʷ˃ˇˎ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ 

2015-нмлл όˋʶ˄ʱˊʽˇ {{tоΦтύΦ 

 

ʅˍˇ ʅ˔ʺ˃ʰ 3.12 ̄ ʰˊˇˎˋʽʱy ˇ˄ˍʰʽ ˇʽ ʶˍʺ̀ ʽʶˌ ˉʰʴˁˈ̀ ˃ʽʶˌ ʰ˄˖˃ʰ˂ʾʁ ˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰʷ́ ʰ ˍ˖˄ 

˃ˇ˄ˍʷ˂˖˄ ˃ʶ˂ʷˍʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʾ̌ ʵˇ мффм-нмллΦ ʃʰˊˈ˂ˇ ˉˇˎ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˍˇˎ ʰʷˊʰ ˉˇˎ 

ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʶʾ˄ʰʽ ˃ʽˁˊʷˌΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ˋˎ˃˒˖˄ʾʰ 

ˁʰʽ ˍ˖˄ ˍʶˋˋʱˊ˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʽʰ ˋʰ˒ʺ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ 

ʰ˄ʷ˃ˇˎΣ ʹ ˇˉˇʾʰ ˃ʶʴʰ˂˗˄ʶʽ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍ˖˄ ʶˍ˗˄ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ л,1 m/sec ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ 

ʵʶˁʰʶˍʾʰ ˍˇˎ ʰʽ˗˄ʰΦ 
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ʅ˔ʺ˃ʰ 3.12 ʃʰʴˁˈˋ˃ʽʶˌ ˃ʷˋʶˌ ʶˍʺˋʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˍʹˌ  ̱ ʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰʷˊʰ ɹ ʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃̌˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ 

1991-2100 όˋʶ˄ʱˊʽˇ SSP3.7). 

ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʶˊ˃ʹ˄ʶʾʰ ˍʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰʷˊʰ ʴʾ˄ʶˍʰʽ ʰ˄ʱ˂ˎˋʹ ˋʶ ˍˇˉʽˁˈ 

ʶˉʾˉʶʵˇΦ ʅˍˇ ʅ˔ʺ˃ʰ 3.13 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʷˋʹ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʰ˄ʷ˃ˇˎ ʷˍˋʽ ˈˉ˖ˌ 

ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ʰˉˈ ˍʰ ˍʷˋˋʶˊʰ GCM ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˍʷˋˋʶˊʽˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌΦ 

ɳʽʵʽˁˈˍʶˊʰΣ ˇʽ ʴˊʰ˃˃ʷˌ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ¦Y9{aм-0-LL (1́ 

ʴˊʰ˃˃ʺύΣ MRI-ESM2.0 (2  ́ʴˊʰ˃˃ʺύΣ DL{{-E2-1-G (3́ ʴˊʰ˃˃ʺύΣ GFDL-ESM4 (4́ ʴˊʰ˃˃ʺύΣ ˁʰʽ ˇʽ 

ˋˍʺ˂ʶˌ ˍʹ˄ ʽˋˍˇˊʽˁʺ ˉʶˊʾˇʵˇ όм ́ˋˍʺ˂ʹύ ˁʰʽ ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ όʶɹɹ ˏˌ ˃ʷ˂˂ˇ˄ - 2  ́

ˋˍʺ˂ʹύΣ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 3  ́̀ ˍʺ˂ʹΣ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 4  ́̀ ˍʺ˂ʹ). 

ʅˍʰ ˃ˇ˄ˍʷ˂ʰ UKESM1-0-LL ˁʰʽ MRI-ESM2.0 ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʷ˄ˍʰˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋˍʽˌ 

ˉʶˊʽˇ˔ʷˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʵʹ˂ʰʵʺ ˋˍʽˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ 

ˍˇˎ ʰ˄ʷ˃ˇˎ ˉˇˎ ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ GISS-E2-1-G ˁʰʽ GFDL-ESM4. ʁ ʱ˄ʶ˃ˇˌ ʶ˃˒ʰ˄ʾʸʶʽ 

ˍʽˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ˍˇˎΣ ˉʶˊʾˉˇˎ мл m/s, ˋˍˇ ʲˈˊʶʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ɮ˒ˊʽˁʰ˄ʽˁʺˌ ʹˉʶʾˊˇˎΣ ʶˁʶʾ 

ˈˉˇˎ ʶ˄ˍˇˉʾʸʶˍʰʽ ʹ ʷˊʹ˃ˇˌ ʅʰ˔ʱˊʰΦ ɳˉʽˉ˂ʷˇ˄Σ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0, ˋʹ˃ʰ˄ˍʽˁʺ ʷ˄ˍʰˋʹ ˍˇˎ 

ʰ˄ʷ˃ˇˎ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ɮˋʽʰˍʽˁʺ ʺˉʶʽˊˇΦ ʆʰ ˃ˇ˄ˍʷ˂ʰ GISS-E2-1-G ˁʰʽ GFDL-ESM4 ʵʶ 

ʵʶʾ˔˄ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʶ˄ˍʱˋʶʽˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ʻʶ˖ˊˇˏ˄ˍʰʽ ˋˍʰˍʽˋˍʽˁʱ ˃ʹ ˋʹ˃ʰ˄ˍʽˁʱΦ 
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ʅ˔ʺ˃ʰ 3.13: ɾʷˋ́ ʁ ˍʺˋʽʰ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ʰ˄ʷ˃ˇˎ ɹ ʽʰ ˍʰ ˃ˇ˄ˍʷ˂ʰ UKESM1-0-LL, GISS-E2-1-G-E2-1-G, MRI-ESM2.0, GFDL-ESM4 όʴˊʰ˃˃ʷˌύ ʴʽʰ ˍʽˌ ˍʷˋˋʶˊʽˌ ˃ʶ˂ʶˍˇˏ˃ʶ˄ʶˌ ˉʶˊʽˈʵˇˎˌ όˋˍʺ˂ʶˌύΦ 
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ɶ ʶˁˍʽ˃˗˃ʶ˄ʹ ʰˉˈ ˍʰ ˍʷˋˋʶˊʰ ˃ˇ˄ˍʷ˂ʰ ˃ʶˍʰʲˇ˂ʺ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶʽ ʹ ʶˉʽ˒ʰ˄ʶʽʰˁʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ 

ʰ˄ʷ˃ˇˎ ˋˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ 

ʅ˔ʺ˃ʰ 3.14. 

ʅˍʹ˄ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰˍʱ 

ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ 

UKESM1-0-LL. ɼʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (2021-2040)Σ ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎ 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˁˎ˃ʰ˄ʻʶʾ ˋ ʁ˔ʰ˃ʹ˂ʱ ʶˉʾ̄ ʶʵʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ˉʶˊʽˈʵˇˎ ʰ˄ʰ˒ˇˊʱˌ. 

ʅˎʴˁʶˁˊʽ˃ʷ˄ ,h ʹ ˃ʶʾ˖ˋʹ ʵʶ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˅ʶˉʶˊ˄ʱ ˍʰ 0,2 m/s ˋˍˇ ʅɦ˔ʁ  ˂(ɿʾʴʹˊʰˌύ ˁʰʽ ˋˍʹ ɰΦ ɹ˄ɻhʾ  

(ʷˊʹ˃ˇˌ ʆʰˊύΦ ɾʽˁˊ ̋ʰˏ˅ʹˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋˍʰ ˉʰˊʱ˂ ʽʰ ˍʹˌ ɲΦ ɮ˒ˊʽˁʺ̩  

όʅʽʷ́ ʰ ɽʶˈ˄ ʶύ, ʹ ˇˉˇʾh  ̔ˋ˔ˎˊˇˉˇʽʶʾˍʰʽ ˁʰˍʱ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊ̌ɻʾ ˇ (2041-2060). ʅ̱ ʹ 

˃ʰˁˊˇˉˊˈ̒ ʶˋ˃ʹ ˉʶˊʾ̌ ʵˇ (2081-2100), ʹ ˃ʶˍʰʲˇ˂ʺ ˋˍʹ˄ ʷ˄ˍʰˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ʰˎ˅ʱ˄ʶˍʰʽ 

ˉʶˊʰʽˍʷˊ˖. ɳʽʵʽˁˈˍʶˊʰΣ ˋˍʽˌ ʶˊʺ˃ˇˎˌ ʅʰ˔ɦ́ʰ ˁʰʽ ʆʰˊ ʶˁˍʽ˃ʱˍʰʽ ˃ʶʾ̟ ˋʹ ˉˇˎ ˅ʶˉʶˊ˄ʱ ˍʰ 0,6 m/s, 

ʶ˄˗ ˋˍʹ ɲΦ ɮ˒ˊʽˁʺ ́ ʰˏ˅ʹˋʹ ˉ˂ʹˋʽʱʸʶʽ ˍʰ 0,5  m/sΦ ʅʹ˃ʰ˄ˍʽˁʺ ʁʾ˄ʰʽ ˁʰʽ ʹ hˏ˅ʹˋʹ ˋˍˇ ʲˈ́ ʶʽˇ 

ˍ˃̋˃ ʰ ˍʹˌ ɿ. ɮ˃ʶˊʽˁʺΣ̩ ˋˍʹ ɰˊʰʸʽ˂ʾh Σ ˈ̄ ˇˎ ˇ ʱ˄ ʶ˃ˇˌ ʰˎ˅ʱ˄ʶˍʰʽ ˋʶ ʷ˄ˍʰˋʹ ˁʰˍʱ 0,8 m/s. 

ʅˍˇ ˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0,  ́˃ʶˍʰʲˇ˂ʺ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʵˏˇ ˉˊ˗ˍ˖˄ ˃ʶ˂˂ˇ˄ˍʽˁ˗˄ 

ˉʶˊʽˈʵ˖˄ όʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (2021-2040) ˁ ʰʽ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ (2041-2060)ύ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ 

ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊʺ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ˋˍʰˍʽˋˍʽˁʱ ˃ʹ ˋʹ˃ʰ˄ˍʽˁ.̋ ʅˍʹ˄ ˍˊʾˍʹ 

ˉʶˊʾˇʵˇ ˃ʶ˂ʷˍʹˌ (2081-2100), ʹ ʷ˄ˍʰˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ʰˏ˅ʹˋʹ ʷ̟ ˌ 0,4 m/s ˋˍʹ˄ ɼΦ 

ɮ˒ˊʽˁ ̋ˁʰʽ ˋˍʹ ɿΦ ɮˊʰʲʽˁ ̋ʷˊʹ˃ˇΣ ʶ˄˗ ˃ʶʾ̟ ˋʹ ˉˇˎ ʵʶ˄ ˅ʶˉʶˊ˄ ɦˍʰ л,3 m/s ʶˁˍʽ˃ʱˍʰʽ ˄ʰ 

ˋʹ˃ʶʽ˖ʻʶʾ ˋˍʹ˄ ɮΦ ɾʶˋ̍ɹ ʶʽˇΦ 

ʅʶ ˉʰˊˈ˃ˇʽʰ ʶˉʾˉʶʵʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˇ ʱ˄ʶ˃ˇˌ  ˋˍˇ ˃ˇ˄ˍʷ˂ˇ GISS-E2-1-G. ɳʽʵʽˁˈˍʶˊʰΣ ʹ ʷ˄ˍʰˋʹ 

ˍˇˎ ʰ˄ʷ˃ ˇˎ ʵʶ˄ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˋʹ˃ʶʽ˗ˋʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶˍʰʲˇ˂ ̋ˁʰˍʱ ˍ̩̔  ˉˊ˗̱ ʶˌ ʵˏˇ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ 

ˉʶˊʽˈɻ ˇˎˌ ˃ʶ˂ʷ̱ ʹˌ όʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (2021-2040) ˁ ʰʽ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ (2041-2060))Φ ɾʽˁˊ ̋

ʰˏ˅ʹˋʹ ˍʹˌ ˍʱ˅ ʶ˖ˌ ˍ˖˄ л,4 m/s ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ ɿΦ ʅʰ˔ɦ́ʰΣ ˋˍˇ ʵˎˍʽˁ ̍ˍ˃ʺ˃ʰ ˍʹˌ ɼΦ ɮ˒ˊʽˁʺˌ 

ˁʰʽ ˋˍʹ ˄ʷˊʹ˃ˇ ʆɦˁ˂ʰ ɾʰˁʱ˄ Φ ɶ ʰˏ˅ ʹˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˋˍʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ 

ʶˁˍʽ˃ʱˍʰʽ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ ˁʰˍʱ ̱ ˇ ˍʷ˂ˇˌ ̱ ˇˎ ʰʽ˗˄ʰ (2081-2100) ̍ ˍʰ˄ ˒ˍʱ˄ʶʽ ˍʰ 0,7 m/s. 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ GFDL-ESM4Σ ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰˍʱ ˍʽˌ 

˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌ ˋʶ ˋ˔ʷ̀ ʹ ˃ʶ ˍʹ˄ ˉʶˊʾ̌ ʵˇ ʰ˄ʰ˒ˇˊʱ̩  ʁ̄ ʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ɮ˒ˊʽˁ ̋

ˁʰʽ ˍʹ ɿΦ ɮ˃ʶˊʽˁ.̋ ɼʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (2021-2040)Σ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʶ˃˒ʰ˄ʽˋˍʶʾ ʰˏ˅ʹˋʹ ˍʹˌ 

ˍʱ˅ʶ˖ˌ  0,15 m/s ˁʰʽ 0,5 m/s ˋˍʽˌ ˔˗́ ʶˌ ˍˇˎ ɼˈ˂ ˉˇˎ ˍʹˌ ɱˇˎʽ˄ʷh ˌ ˁʰʽ ˍʹ˄ ʃʰˍʰʴˇ˄ʾh, ʰ˄ˍ̱̀ʾ ˇʽ˔ʰΦ 

ɶ ̀ˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰˏ˅ʹˋʹ ˃ʶʴʰ˂˗˄ʶʽ ˁʰʽ ʶ˅ʰˉ˂˗˄ʶˍʰʽ ˋˍʹ˄ ʶˎˊˏ̱ ʶˊʹ ˉʶˊʽˇ˔ ̋ˍʹˌ ɼɲ ɮ˒ ˊʽˁʺ̩, 

ʰ˂˂ɦ ˁʰʽ ˋʶ ˃ʶʴʱ˂ ˇ ̱˃ ʺ˃ʰ ˍʹˌ ɿΦ ɮ˃ʶˊʽˁʺ̩  ˁh ˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʶˉ̍˃ ʶ˄ʹ ̩ʶʽˁˇˋʰʶˍʾʰˌ (2041-

нлслύΦ ʅˍˇ ˍʷ˂ ˇˌ ˍˇˎ ʰʽ˗˄  h(2081-2100)Σ ʶˁˍʽ˃ʱˍʰʽ ʹ ̫˄ ˍʰˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ˄ʰ ʰˎ˅ʹʻʶʾ ˋˍˇ ʅɦ˔ʁ ,˂ 

ˋˍʹ ɿΦ ɮ˒ˊʽˁʺ ˁʰʽ ˋˍʹ˄ ɿΦ ɮ˃ʶˊʽˁ ̋ˉ˂ʹˋʽʱʸˇ˄ˍʰˌ ˍʰ 0,4 m/sΣ ʶ˄˗ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˉʰˊʰˍʹˊʹʻʶʾ 

˃ʶʾ˖ˋʹ ˍʹˌ ˍʱ˅ ʶ˖ˌ ˍ˖˄ л,3 m/s ̀ ˍʹ˄ ɳˎˊ˗̄ ʹΦ  
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ʅ˔ʺ˃ʰ 3.14Υ ɳˁˍʽ˃˗˃ʶ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˃ʷˋʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ UKESM1-0-LL, MRI-ESM2.0, GISS-E2-1-G, GFDL-ESMп όʴˊʰ˃˃ʷˌύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ 

ʰ˄ʰ˒ˇˊʱˌ (1991-2010) ɹ ʽʰ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όм ́̀ ˍʺ˂ʹύ Σ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όн ́̀ ˍʺ˂ʹύΣ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όо ́̀ ˍʺ˂ʹύ. 
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3.1.4 ʊˇˊˍʾˇ ˋˁˈ˄ʹˌ 

ʅˍˇ ʅ˔ʺ˃ʰ 3.15 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʰʴˁˈˋ˃ʽʶˌ ˃ʷˋʶˌ ʶˍʺˋʽʶˌ ˍʽ˃ʷˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ʴʽʰ 

ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍˇ ˍʷˋˋʶˊʰ ˃ˇ˄ˍʷ˂ʰ ˃ʶ˂ʷˍʹˌΦ ʁʽ ˍʱˋʶʽˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʽˌ 

ˇ˃ʰ˂ˇˉˇʽʺˋʶʽˌ ˍ˖˄ ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄˖˄ ˍʽ˃˗˄Σ ʶ˄˗ ˋˍˇ ˋˁʽʰˋ˃ʷ˄ˇ ˍ˃ʺ˃ʰ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˍˇ ʶˏˊˇˌ 

ˍ˖˄ ˉˇˋˇˍʺˍ˖˄ ʴʽʰ ˍˇ ˁʱʻʶ ˃ˇ˄ˍʷ˂ˇΦ ʁʽ ˍʽ˃ʷˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˃ʶˍˊˇˏ˄ˍʰʽ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

ˋ˔ʺ˃ʰ ˋʶ mg/m2 ʴʽʰ ˄ʰ ʴʾ˄ˇ˄ˍʰʽ ʰ˄ˍʽ˂ʹˉˍʷˌ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍˇˎ ʰʽ˗˄ʰΦ ɶ 

˃ʶʴʰ˂ˏˍʶˊʹ ˃ʶˍʰʲˇ˂ʺ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ UKESM1-0-[[Φ ʆˇ нлмр ˃ʶˍˊʺʻʹˁʰ˄ оф,6 mg/m2 

ˁʰʽ ˁʱʻʶ ˔ˊˈ˄ˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉˍ˗ˋʹ ˍ˖˄ ˉˇˋˇˍʺˍ˖˄Σ ˒ˍʱ˄ˇ˄ˍʰˌ ˍˇ нмлл ˍʰ нс,8 mg/m2. 

ʃʰˊˈ˃ˇʽʰ ˍʱˋʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍʰ ˃ˇ˄ˍʷ˂ʰ GISS-E2-1-D ˁʰʽ DC5[-9{aпΣ ˃ʶ ˍˇ DC5[-

9{aп ˄ʰ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ˋˁˈ˄ʹˌ ˋʶ ʰʽˋʻʹˍʱ ˎ˕ʹ˂ˇˍʷˊʰ ʶˉʾˉʶʵʰ ʰˉˈ ˍˇ DL{{-E2-1-

DΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ˋˁˈ˄ʹˌ ˁˎ˃ʰʾ˄ʶˍʰʽ ˋˍʰ пп-48 mg/m2 ˁʰʽ пн-46 mg/m2, 

ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʷ˂ˇˌΣ ˇʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍˇ awL-9{aнΦлΦ ɮ˄ʰ˂ˎˍʽˁʱ, ˍˇ 2046 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌ 45,2 mg/m2 ό˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ ˍʹˌ ˔ˊˇ˄ˇˋʶʽˊʱˌύ ˁʰʽ ˍˇ 2098 ̱ ˇ ˉˇˋˈ 

ʰˎˍˈ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ 68,3 g/m2 ό˃ʶʴʰ˂ˏˍʶˊʹ ˍʽ˃ʺύΦ 

 

ʅ˔ʺ˃ʰ 3.15: ʃʰʴˁˈˋ˃ʽ ̌˃ ʷˋ̌ ʁ ˍʺˋʽˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нлмр-нмлл όˋʶ˄ʱˊʽˇ 

SSP3.7). 

ʅˍˇ ʅ˔ʺ˃ʰ 3.16 ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˇʽ ʶˍʺˋʽʶˌ ˉʰʴˁˈˋ˃ʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ̱̌ˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ʴʽʰ ˍʰ 

˃ˇ˄ˍʷ˂ʰ ˃ʶ˂ʷˍʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʽˇʵˇ мффм-2100. ɮˉˈ ˍʹ˄ ʶˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˋˁˈ˄ʹˌ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ˁʱʻʶ ˃ˇ˄ˍʷ˂ˇ ˉʰˊˇˎˋʽʱʸʶʽ ʵʽʰ˒ˇˊʶˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ 

ˎˉˈ˂ˇʽˉʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍˇ  UKESM1-0-[[ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ʰˉˈ ˍˇ ʶʴʴˏˌ 

˃ʷ˂˂ˇ˄Σ ʹ ˇˉˇʾʰ ˃ʶʴʰ˂˗˄ʶʽ ˃ʶ ˍˇ ˉʷˊʰˋ˃ʰ ˍˇˎ ˔ˊˈ˄ˇˎ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ -12 mg/m2  ˍˇ нмллΦ 

ɮ˄ˍʾʻʶˍʹ ʶʽˁˈ˄ʰ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍˇ GFDL-ESM4Σ ˁʰˍʱ ˍˇ ˇˉˇʾˇ ˍˇ ˒ˇˊˍʾˇ ˍʹˌ ˋˁˈ˄ʹˌ ˉˊˈˁʶʽˍʰʽ ˄ʰ 

ˉʰˊˇˎˋʽʱˋʶʽ ʰˎ˅ʹˍʽˁʺ ˍʱˋʹ ˋʶ ˈ˂ʹ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ˃ʶ˂ʷˍʹˌΣ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ у mg/m2 
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ˋˍˇ ˍʷ˂ˇˌ ʰˎˍʺˌΦ ʆʰ ɦ˂ ˂ʰ ʵˎˇ ˃ˇ˄ˍʷ˂ʰ ʵʶ˄ ˁʰˍʰʴˊʱ˒ˇˎ˄ ˋʰ˒ʺ ˍʱˋʹ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄, ʰ˂˂ʱ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʽʰ ʶʽˁˈ˄ʰ ʰˎ˅ˇ˃ʶʽ˗ˋʶ˖˄ ʰ˄ʱ ʷˍʹΦ ɮ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ʶʾ˄ʰʽ ʹ ˏˉʰˊ˅ʹ ˍ˖˄ ʰˁˊʰʾ˖˄ ˋˍˇ 

MRI-ESM2.0, ˈˉˇˎ ʶ˄ˍˇˉʾʸʶˍʰʽ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˏ˅ʹˋʹ ˍˇ нлфу όҌмп,9 mg/m2 ύ ˁʰʽ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ 

˃ʶʾ˖ˋʹ ˍˇ нлсм ό-15,3 mg/m2 ). 

 

ʅ˔ʺ˃ʰ 3.16 ʃʰʴˁˈˋ˃ʽʶˌ ˃ʷˋʶˌ ʶˍʺˋʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ɹ ʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ мффм-

нмлл όˋʶ˄ʱˊʽˇ SSP3.7). 

ʅˍˇ ʅ˔ʺ˃ʰ 3.17 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌ ˉˇˎ ʶˁˍʽ˃ʱˍʰʽ ʰˉˈ ˁʱʻʶ ˃ˇ˄ˍʷ˂ˇ ʴʽʰ ˍʽˌ 

ˍʷˋˋʶˊʽˌ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌΦ ʁʽ ʴˊʰ˃˃ʷˌ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ 

UKESM1-0-LL (1́ ʴˊʰ˃˃ʺύΣ MRI-ESM2.0 (2́  ʴˊʰ˃˃ʺύΣ GISS-E2-1-G (3  ́ʴˊʰ˃˃ʺύΣ DC5[-ESM4 (4́ 

ʴˊʰ˃˃ʺύΣ ˁʰʽ ˇʽ ˋˍʺ˂ʶˌ ˍʹ˄ ̔ ˋˍˇˊʽˁʺ ˉʶˊʾˇʵˇ όм ́̀ ˍʺ˂ʹύ ˁʰʽ ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ όʶɹɹ ˏˌ 

˃ʷ˂˂ˇ˄ - 2  ́̀ ˍʺ˂ʹύΣ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 3  ́̀ ˍʺ˂ʹΣ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 4  ́̀ ˍʺ˂ʹ). 

ʅˍˇ ˃ˇ˄ˍʷ˂ˇ UKESM1-0-LL ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˒ˇˊˍʾˇ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋˍʹ˄ ɼΦ ɮ˒ˊʽˁʺ ˁʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ 

ʆʰˊ όɰɲ ɹ˄ʵʾʰύΣ ˍˇ ˇˉˇʾˇ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎ ʶ˂ʰˍˍ˗˄ʶˍʰʽ ʰʽˋʻʹˍʱΦ ɶ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˍˇˎ 

ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ 0,9 g/m2Φ ʃʰˊˈ˃ˇʽʰ ʶʽˁˈ˄ʰ ˉʰˊˇˎˋʽʱʸʶʽ 

ˁʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ GISS-E2-1-G, ˃ʶ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˋˁˈ˄ʹˌ ˄ʰ ˉ˂ʹˋʽʱʸʶʽ ˍʰ мΣн g/m2Φ ʅˍˇ 

˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0, ˋʹ˃ʰ˄ˍʽˁʱ ˒ˇˊˍʾʰ ˋˁˈ˄ʹˌ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋʶ ˍˊʶʽˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ ˁʰʽ 

ʶʽʵʽˁˈˍʶˊʰ ˋˍʹ˄ ʷˊʹ˃ˇ ʅʰ˔ʱˊʰΣ ˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˁʰʽ ˍʹ˄ ʷˊʹ˃ˇ ɽˇˎˍΣ ˋˍʽˌ ˇˉˇʾʶˌ ˇʽ ˍʽ˃ʷˌ 

˅ʶˉʶˊ˄ˇˏ˄ ˍʰ мΣп g/m2Φ ʆʷ˂ˇˌΣ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ GFDL-ESM4, ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ʷˊʹ˃ˇ ʅʰ˔ʱˊʰ ˉˇˎ 

ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˁˏˊʽʰ ˉʹʴʺ ˋˁˈ˄ʹˌΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰˁˈ˃ʰ ʵˏˇ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ ʃ́ ˈˁʶʽˍʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ˂ʰ ɾʰˁʱ˄ ˋˍˇ ʲˇˊʶʽˇʵˎˍʽˁˈ ʱˁˊˇ ˍʹˌ ɼʾ˄ʰˌΣ ˈˉˇˎ ˁʰˍʱ ˍʹ˄ 

ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ˇʽ ˍʽ˃ʷˌ ˅ʶˉʶˊ˄ˇˏ˄ ˍʰ мΣр g/m2Σ ˁʰʽ ʴʽʰ ˍʹ˄ ʷˊʹ˃ˇ ʆʰˊ ˋˍʹ ɰɲ ɹ˄ʵʾʰΦ 
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ʅˍˇ ʅ˔ʺ˃ʰ 3.18 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶˁˍʽ˃˗˃ʶ˄ʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˋʶ ʶˍʺˋʽʰ 

ʲʱˋʹ ˋˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄Σ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˁʰʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ 

ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌΦ ʁʽ ʴˊʰ˃˃ʷˌ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ UKESM1-0-LL 

(1  ́ʴˊʰ˃˃ʺύΣ MRI-ESM2.0 (2́  ʴˊʰ˃˃ʺύΣ GISS-E2-1-G (3  ́ʴˊʰ˃˃ʺύΣ GFDL-ESM4 (4́  ʴˊʰ˃˃ʺύΣ ˁʰʽ ˇʽ 

ˋˍʺ˂ʶˌ ˍʽˌ ʵʽʰ˒ˇˊʷˌ ˍˇˎ ʶʴʴˏ̩  ˃ʷ˂˂ˇ˄ˍˇˌ όм ́ˋˍʺ˂ʹύΣ ˍʹˌ ˃ʶˋˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎ όн ́ˋˍʺ˂ʹύ ˁʰʽ 

ˍʹˌ  ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎ  όп ́̀ ˍʺ˂ʹύΦ 

ʆˇ ˃̌ ˄ˍʷ˂ˇ UKESM1-0-LL (1  ́ʴˊʰ˃˃ʺ ˋ˔ʺ˃ʰˍˇˌύ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ 

˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˋˍʹ˄ ɮ˒ˊʽˁʰ˄ʽˁʺ ʺˉʶʽˊˇ ˁʰʽ ˋʶ ˍˊʶʽˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˋˍʹ˄ ɮˋʾʰΦ ɼʰˍʱ ˍˇ ʶʴʴˏˌ 

˃ʷ˂˂ˇ˄ όнлнм-нлплύ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ 0,2   g/m2 ̀ ˍˇ ˁʶ˄ˍˊʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʹˉʶʾˊˇˎΣ ˄ˈˍʽʰ ˍʹˌ 

ʶˊʺ˃ˇˎ ʅʰ˔ʱˊʰ ˈˉˇˎ ʶ˄ˍˇˉʾʸʶˍʰʽ ʹ ʶˊʹ˃ʽˁʺ ˉʶˊʽˇ˔ʺ ʅʱ˔ʶ˂Φ ɳˉʽˉ˂ʷˇ˄Σ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ 

ʵʶʾ˔˄ʶʽ ˃ʾʰ ˃ʽˁˊʺ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ л,1 g/m2 ̀ ˍʹ ɰɮ ɹ˄ʵʾʰΣ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˉˇˎ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ 

ˍʹ˄ ʷˊʹ˃ˇ ʆʰˊΦ ʅˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлпм-2060), ́  ˃ʶʾ˖ˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˋˍˇ ʅʱ˔ʶ˂ 

ʶʾ˄ʰʽ ʰˁˈ˃ʰ ˃ʶʴʰ˂ˏˍʶˊʹΣ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ 0,35 g/m2Σ ʶ˄˗ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʶʾ˖ˋʹ ˋˍʹ ɹ˄ʵʾʰ ˉ˂ʹˋʽʱʸʶʽ 

ˍʰ 0,3 g/m2Φ ɾʶˍʰʲˇ˂ʷˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˁʰʽ ˋʶ ʵˎˇ ʰˁˈ˃ʰ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɮˋʾʰˌΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ʷˊʹ˃ˇ ɼʰˊʰˁˇˏ˃ ˁʰʽ ˋˍʰ ˋˏ˄ˇˊʰ ɼʾ˄ʰˌ-ɾˇʴʴˇ˂ʾʰˌΣ ˉʶˊʽˇ˔ʺ ˉˇˎ ʶˉʹˊʶʱʸʶˍʰʽ 

ʰˉˈ ˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 0,15 g/m2Φ ʅˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰ 

(2081-нмллύ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ʶ˂ʱˍˍ˖ˋʹ ˉˇˎ ˅ʶˉʶˊ˄ʱ ˍʰ 0,5 g/m2 ̀ ˍʹ˄ ɼΦ ɮ˒ˊʽˁʺ ˁʰʽ ˍʰ 

0,3 g/m2 ̀ ˍʹ˄ ʷˊʹ˃ˇ ʆʰˊΦ ʁʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʽˌ ʶˊʺ˃ˇˎˌ ɼʰˊʰˁˇˏ˃ ˁʰʽ ɱˁˈ˃ˉʽ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʰ ʾʵʽʰ 

ʶˉʾˉʶʵʰ ˃ʶ ʰˎˍʷˌ ˉˇˎ ˁˎ˃ʰʾ˄ˇ˄ˍʰ˄ ˁʰˍʱ ˍʹ˄ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇΦ 

ʅˍʹ˄ ʵʶˏˍʶˊʹ ʴˊʰ˃˃ʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ  ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ MRI-ESM2.0 

ʴʽʰ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˁʰˍʱ ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ 

ˉˇˎ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌΦ ɶ ʶʽˁˈ˄ʰ ˉˇˎ ˉˊˇʲʱ˂˂ʶˍʰʽ ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁʺ ˋʶ 

ˋ˔ʷˋʹ ˃ʶ ʰˎˍʺ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ UKESM1-0-LL. ɼʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όнлнм-нлплύΣ ˍˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌ 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʱˋʶʽ ˃ʽˁˊʺ ʰˏ˅ʹˋʹ 0,03 g/m2 ˋˍˇ ʅˇˎʵʱ˄ όɮΦ ʅʰ˔ʱˊʰύ ˁʰʽ ˋˍʹ ɲ. ʅʰ˔ʱˊʰ, 

ʶ˄˗ ˃ʽˁˊʺ ˃ʶʾ˖ˋʹ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˋˍʹ ʅʱ˔ʶ˂Φ ɾʶʾ˖ˋʹ 0,2 g/m2 ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽΣ ʶ˄˗ 

ʹ ʶ˂ʱ˔ʽˋˍʹ ˃ʶʾ˖ˋʹ ˉˇˎ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ɽˇˎˍ ʵʶ˄ ʁʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺΦ ʅˍʹ 

˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлпм-нлслύΣ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˉˇˎ ˋʹ˃ʶʽ˗ʻʹˁʰ˄ ˋˍʹ˄ ɮΦ ʅʰ˔ʱˊʰ ˁʰʽ ˍʹ˄ 

ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʰʻʶˊʷˌΦ ɶ ʶ˂ʱˍˍ˖ˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ 0,15 g/m2 ̱ ˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˋˍʹ˄ 

ɮˊʰʲʾʰ ˁʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ɽˇˎˍ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺΦ ʅˍˇ ʲˈˊʶʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ʅʰ˔ʱˊʰ 

˒ʰʾ˄ʶˍʰʽ ˄ʰ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ʵʾˉˇ˂ˇΣ ˃ʶ ˃ʾʰ ˋˍʰˍʽˋˍʽˁʱ ˃  ́̀ ʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˋˍʹ ɲΦ ʅʰ˔ʱˊʰ ˁʰʽ 

˃ʽʰ ˃ʽˁˊʺ ˃ʶʾ˖ˋʹ ˋˍˇ ˃ʶˋˇʴʶʽʰˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʶˊʺ˃ˇˎΣ ˋˍʹ˄ ɮʾʴˎˉˍˇ ˁʰʽ ɽʽʲˏʹΦ ʅˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ 

ʶʽˁˇˋʰʶˍʾʰ ˍˇˎ ʰʽ˗˄ʰ όнлум-нмллύΣ ʹ ʰˏ˅ʹˋʹ ˋˍˇ ʲˇˊʶʽˇʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʅʰ˔ʱˊʰ ˃ʶʴʰ˂˗˄ʶʽ 

˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ 0,18 g/m2Σ ʶ˄˗ ʹ ˃ʶʾ˖ˋʹ ˋˍʹ ɰɮ ɮ˒ˊʽˁʺ ʰˎ˅ʱ˄ʶˍʰʽ ˋˍʰ 0,14 g/m2Φ ɮ˅ʽˇˋʹ˃ʶʾ˖ˍʹ 

ʶʾ˄ʰʽ ʹ ʰˏ˅ʹˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ ˂ʰ ɾʰˁɦ˄  ˁʰʽ ʹ ʶ˅ʽˋˇˊˊˈˉʹˋʹ ˍʹˌ ˃ʶʾ˖ˋʹˌ 

ˋˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˉʶˊʽˈʵˇˎˌΣ ˁʰˍʱ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰ. 

ɼʰʻʾˋˍʰˍʰʽ ˅ʶˁʱʻʰˊˇ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ʹ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0 

ʱ˒ˇˊʰ ˋʶ ʾh˃ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˍʹˌ ˋˁˈ˄ʹˌ ˋˍʹ ɲΦ ɮ˒ˊʽˁʺ ˁʰʽ ˃ʽʰ ˃ʶʾ˖ˋʹ ˋˍˇ 

ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʶˊʺ˃ˇˎ ʅʰ˔ʱˊʰΦ 

ɳ˂ʱ˔ʽˋˍʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˋˍˇ ˒ˇˊˍʾˇ ˋˁˈ˄ʹˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ GISS-E2-1-G ʴʽʰ ˍʽˌ 

ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ όо ́ʴˊʰ˃˃ʺ ˋ˔ʺ˃ʰˍˇˌύΦ ʅˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όнлнм-2040) ̄ ʰˊʰˍʹˊʶʾˍʰʽ 

˃ʾh  ʰˏ˅ʹˋʹ ˋˍˇ ˒ˇˊˍʾˇ ˍʹˌ ˋˁˈ˄ʹˌ ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʅʰ˔ʱˊʰ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 0,15 g/m2Σ ʶ˄˗ 
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˃ʶʾ˖ˋʹ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍʹ˄ ɼΦ ɮ˒ˊʽˁʺΣ ˁʰʽ ʶʽʵʽˁˈˍʶˊʰ ˋˍʽˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ɿʾʴʹˊʰ ˁʰʽ ˍˇˎ ʆˋʰ˄ˍΣ ʹ 

ˇˉˇʾʰ ʵʶ˄ ˅ʁ ˉʶˊ˄ʱ ˍʰ 0,1 g/m2 ɶ ˁʰˍʱˋˍʰˋʹ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˃ʶˋˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎ 

(2041-2060) ̄ ʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊʺ ˋˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˍ˃ʺ˃ʰ ˍʹˌ ʅʰ˔ʱˊʰˌ ˃ʶ ˃ʽʰ ˃ʽˁˊʺ ʰˏ˅ʹˋʹ ˄ʰ 

ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍˇ ɿʾʴʹˊʰΦ ɼʰˍʱ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-нмллύ ˒ʰʾ˄ʶˍʰʽ ˄ʰ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ʵʾˉˇ˂ˇ ʰ˄ʱ˃ʶˋʰ ˋʶ ʰˎˍʷˌ ˍʽˌ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʶˌ ʵˎˇ ˉʶˊʽˇ˔ʷˌΣ ɲΦ ʅʰ˔ʱˊʰ ˁʰʽ 

ɿʾʴʹˊʰˌΣ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˁʰʽ ˃ʶʾ˖ˋʹ ˄ʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 0,2 g/m2Σ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʆʷ˂ˇˌ, ˋˍʹ˄ ˍʷˍʰˊˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ GFDL-

ESM4 ɹ ʽʰ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˁʰˍʱ ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ 

ˍʽ˃ʷˌ ˉˇˎ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˋʹ˃ʰ˄ˍʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ 

ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ ɮ˒ˊʽˁʺΣ ˍʹ˄ ɮˋʾʰ ˁʰʽ ˍʹ˄ ɮ˃ʶˊʽˁʺΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʽˌ ʰˊ˔ʷˌ ˍˇˎ ʰʽ˗˄ʰ όнлнм-

нлплύ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʰˏ˅ʹˋʹ 0,2 g/m2 ˋˍʹ ɲΦ ɮ˒ˊʽˁʺΣ ʹ ˇˉˇʾʰ ˒ˍʱ˄ʶʽ ʷ˖ˌ ˍʰ 0,27 g/m2 ˋˍʹ˄ ɮ˂ʴʶˊʾʰΦ 

ʃʰˊˈ˃ˇʽʰ ʰˏ˅ʹˋʹ ʶ˄ˍˇˉʾʸʶˍʰʽ ˁʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ɼʰˊʰˁˇˏ˃Φ ʅʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ 0,33 

g/m2 ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ˂ʰ ɾʰˁʱ˄Σ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ˍʹˌ ʃʰˍʰʴˇ˄ʾʰˌ ˋˍʹ ɿΦ 

ɮ˃ʶˊʽˁʺΦ ɼʰˍʱ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлпм-2060), ʹ ˁʰˍʱˋˍʰˋʹ ˋˍʹ ˉʶˊʽˇ˔ʺ ˍʹˌ ʅʰ˔ʱˊʰ 

ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊʺ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ˄ʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ 0,2 g/m2Φ ʅʹ˃ʰ˄ˍʽˁʺ ʶ˂ʱˍˍ˖ˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ 

ˋˁˈ˄ʹˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ˂ʰ ɾʰˁʱ˄ ˁʰʽ ˋˍʹ˄ ʃʰˍʰʴˇ˄ʾʰΣ ʶ˄˗ ˋˍʹ˄ ʷˊʹ˃ˇ ɼʰˊʰˁˇˏ˃ 

ˍˇ ˒ˇˊˍʾˇ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ 0,25 g/m2. ʅˍ́˄ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-нмллύΣ ʹ ˁˏˊʽʰ 

˃ʶˍʰʲˇ˂ʺ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˋˍʹ˄ ɮˋʽʰˍʽˁʺ ʺˉʶʽˊˇΦ ɮ˄ʰ˂ˎˍʽˁʱΣ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ 

ʰˏ˅ʹˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ˋˍʰ ʾʵʽʰ ʶˉʾˉʶʵʰ ˃ʶ ʶˁʶʾ˄ʹ ˍ˖˄ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ʶˍ˗˄ ό0,3 g/m2ύΦ ɶ 

˃ʶʾ˖ˋʹ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ˂ʰ ɾʰˁʱ˄ ˋˍʹ˄ ɼʾ˄ʰ ʰʴʴʽʸʶʽ ˉ˂ʷˇ˄ ˍʰ 1,1 g/m2Σ ʶ˄˗ ʰˊ˔ʾʸʶʽ ˄ʰ 

ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʶ˂ʱˍˍ˖ˋʹ ˁʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʰˊ ˁʰˍʱ 0,2 g/m2Φ ʅˍʹ˄ ɮ˒ˊʽˁʺ ˁʰʽ ˍʹ ɿΦ ɮ˃ʶˊʽˁʺ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ʹ ʾʵʽʰ ʶʽˁˈ˄ʰ ˃ʶ ʶˁʶʾ˄ʹ ˍʹˌ ˃ʶˋˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎΦ 
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ʅ˔ʺ˃ʰ 3.18: ɳˁˍʽ˃˗˃ʶ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˍˇˎ ˃ʷˋˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ¦Y9{aм-0-LL, MRI-ESM2.0, GISS-E2-1-G, GFDL-9{aп όʴˊʰ˃˃ʷˌύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ (1991-

2010) ɹ ʽʰ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όм ́̀ ˍʺ˂ʹύ Σ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όн ́̀ ˍʺ˂ʹύΣ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όо ́̀ ˍʺ˂ʹύΦ 
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3.1.5 ɳˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ 

ʅˍˇ ʅ˔ʺ˃ʰ 3.19 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʰʴˁˈˋ˃ʽʶˌ ˃ʷˋʶˌ ʶˍʺˋʽʶˌ ˍʽ˃ʷˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ʰˉˈ 

ˍˇ нлмр ˃ʷ˔ˊʽ ˍˇ нмлл ʴʽʰ ˍʰ ˍʷˋˋʶˊʰ ˃ˇ˄ˍʷ˂ʰ ˃ʶ˂ʷˍʹˌΦ ɾʶ ˍʽˌ ʴˁˊʽ ˁʰ˃ˉˏ˂ʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 

ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄Σ ʶ˄˗ ˃ʶ ˍʰ ˔ˊ˗˃ʰˍʰ ˇʽ 

ˇ˃ʰ˂ˇˉˇʽʹ˃ʷ˄ʶˌ ˍʱˋʶʽˌ όUKESM1-0-LL -ˁˈˁˁʽ˄ˇ, GISS-E2-1-G -˃ʰˏˊˇΣ awL-ESM2.0 -ˉˊʱˋʽ˄ˇΣ 

GFDL-ESM4 -˃ˉ˂ʶύΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˃ˇ˄ˍʷ˂ʰ DL{{-E2-1-D ˁʰʽ DC5[-ESM4, ˇʽ ʶˁˉˇ˃ˉʷˌ ˍʹˌ ˋˁˈ˄ʹˌ 

ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋʶ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ ˉˇˎ ʵʶ˄ ˅ʶˉʶˊ˄ˇˏ˄ ˍʰ лΣмл ˁʰʽ ˍʰ 0,15 g˃ m-2 s-1 ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˃ʶ 

ˍʽˌ ˍʱˋʶʽˌ ˄ʰ ˃ʹ˄ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʵʽʰˁˎ˃ʱ˄ˋʶʽˌ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ ʅʶ ˋˍʰʻʶˊʱ 

ˁʰʽ ˁʰˍʱ ˉʶˊʽˈʵˇˎˌ ʰˎ˅ʹˍʽˁʱ ʶˉʾˉʶʵʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶˁˉˇ˃ˉʷˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ awL-

9{aнΦлΣ ˈˉˇˎ ˁʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˍʽ˃ʷˌ ˉʶˊʾˉˇˎ 0,32 g˃ m-2 s-1Σ ˇʽ ˇˉˇʾʶˌ ˋˍˇ 

ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰ ˉ˂ʹˋʽʱʸˇˎ˄ ˍʰ 0,36 g˃ m-2 s-1. ɴˁʵʹ˂ʹ ʶʾ˄ʰʽ ˁʰʽ ʹ ˉˍ˖ˍʽˁʺ ˍʱˋʹ ˍ˖˄ ˉʰʴˁˈˋ˃ʽ˖˄ 

ʶˍʹˋʾ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ˃ʶ ʲʱˋʹ ˍˇ ˃ˇ˄ˍʷ˂ˇ UKESM1-0-LLΦ ɮ˄ʰ˂ˎˍʽˁʱΣ ˍˇ нлмр ˇʽ ˍʽ˃ʷˌ ʶʾ˄ʰʽ 

ˋˍʰ 0,48 ˃ g m-2 s-1ˁʰʽ ˁʰˍʰ˂ʺʴˇˎ˄ ˋˍʰ 0,36 ˃ g m-2 s-1 ˁ ʰˍʱ ˍʹ˄ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇΦ  

 

ʅ˔ʺ˃ʰ 3.19: ʃʰʴˁˈˋ˃ʽʶ ̩˃ ʷˋʁ̩ ʁ ˍʺˋʽʶˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ʴʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нлмр-нмлл όˋʶ˄ʱˊʽˇ 

SSP3.7). 

ʅˍˇ ʅ˔ʺ˃ʰ 3.20 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶˍʺˋʽʶˌ ˉʰʴˁˈˋ˃ʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ  ʴʽʰ 

ˍʰ ˃ˇ˄ˍʷ˂ʰ ˃ʶ˂ʷˍʹˌ ˍʹ˄ ˉʶˊʽˇʵˇ мффм-нмллΦ ʁʽ ˍʱˋʶʽˌ ˍ˖˄ ʰ˄˖˃ʰ˂ʽ˗˄ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ 

ʶ˃˒ʰ˄ʾʸˇˎ˄ ˉʰˊˈ˃ˇʽʰ ˉˇˊʶʾʰ ˃ʶ ʰˎˍ˗˄ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌ ʴʽʰ ˍˇ ʶˁʱˋˍˇˍʶ ˃ˇ˄ˍʷ˂ˇ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ɮ˄ʰ˂ˎˍʽˁʱΣ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˃ʾʰ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˍˇˎ ʰʽ˗˄ʰ ˋˍˇ 

˃ˇ˄ˍʷ˂ˇ UKESM1-0-LLΣ ˉˇˎ ˁˇˊˎ˒˗˄ʶˍʰʽ ˍˇ нмллΣ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ -13 ˃ g m-2 s-1Φ ʃʰˊˈ˃ˇʽʰ ˉˍ˖ˍʽˁʺ 

ˍʱˋʹΣ ʰ˄ʱ˂ˇʴʹ ˃ʶ ʰˎˍʺ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˁˈ˄ʹˌΣ ʰ˂˂ʱ ˋʶ ˋʰ˒˗ˌ ˃ʽˁˊˈˍʶˊʰ ʶˉʾˉʶʵʰ ς ʵʶ˄ ˅ʶˉʶˊ˄ʱ ˍʰ 

0,лн ˃g m-2 s-1 ς ˋˎ˃ʲʰʾ˄ʶʽ ˋˍˇ GFDL-ESM4Φ ʅˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˈ ʹ ˃ʶʾ˖ˋʹ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋˍˇ 

ʵʶˏˍʶˊˇ ˃ʽˋˈ ˍˇˎ ʰʽ˗˄ʰΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ˉˊ˗ˍʹ ˉʶ˄ʹ˄ˍʰʶˍʾʰ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ 
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ˉʶˊʾˇʵˇʽ ˃ʶ ˃ʽˁˊʺ ʰˏ˅ʹˋʹΦ ɮˎ˅ˇ˃ʶʽ˗ˋʶʽˌ ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍ˖˄ ʶˍ˗˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʰ 

˃ˇ˄ˍʷ˂ˇ MRI-ESMнΦл ˁʰʽ GISS-E2-1-G ˃ʶ ˍʹ˄ ʵʽʱ˒ˇˊʰ ˄ʰ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˍʱ˅ʹ ˃ʶʴʷʻˇˎˌ ˍ˖˄ 

˃ʶˍʰʲˇ˂˗˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ˉˊ˗ˍˇ ˁˎ˃ʰʾ˄ʶˍʰʽ ˋˍʰ ʶˉʾˉʶʵʰ ˍˇˎ UKESM1-0-LL, ʶ˄˗ ˍˇ ʵʶˏˍʶˊˇ 

ˋʶ ʰˎˍʱ ˍˇˎ GFDL-ESM4. 

 

ʅ˔ʺ˃ʰ 3.20 ʃʰʴˁˈˋ˃ʽʶˌ ˃ʷˋʶˌ ʶˍʺˋʽʶˌ ʰ˄˖˃ʰ˂ʾʶˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ɹ ʽʰ ˁʱʻʶ ʷ˄ʰ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ 

1991-нмлл όˋʶ˄ʱˊʽˇ SSP3.7). 

ʅˍˇ ʅ˔ʺ˃ʰ 3.21 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ˉˇˎ ʶˁˍʽ˃ʱˍʰʽ ʰˉˈ ˁʱʻʶ 

˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʴʽʰ ˍʽˌ ˃ʶ˂ʶˍ˗˃ʶ˄ʶˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ 

ˉʶˊʽˈʵˇˎˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˇʽ ʴˊʰ˃˃ʷˌ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ¦Y9{aм-0-

LL (1́ ʴˊʰ˃˃ʺύΣ MRI-ESM2.0 (2  ́ɹ ˊʰ˃˃ʺύΣ GISS-E2-1-G (3  ́ʴˊʰ˃˃ʺύΣ DC5[-ESM4 (4́ ʴˊʰ˃˃ʺύΣ ˁʰʽ ˇʽ 

ˋˍʺ˂ʶˌ ˍʹ˄ ʽˋˍˇˊʽˁʺ ˉʶˊʾˇʵˇ όм ́ˋˍʺ˂ʹύ ˁʰʽ ˍʽˌ ˍˊʶʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ όʶɹɹ ˏˌ ˃ʷ˂˂ˇ˄ - 2  ́

ˋˍʺ˂ʹύΣ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 3  ́̀ ˍʺ˂ʹΣ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌ - 4  ́̀ ˍʺ˂ʹ). 

ʁʽ ̀́ ˃ʰ˄ˍʽˁˈˍʶˊʶˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʰ ˃ˇ˄ˍʷ˂ˇ UKESM1-0-LL ˁʰʽ MRI-

ESM2.0. ʅˍˇ UKESM1-0-LLΣ ˇʽ ʶˁˉˇ˃ˉʷˌ ˍʹˌ ˋˁˈ˄ʹˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋˍˇ ˁʶ˄ˍˊʽˁˈ ˁʰʽ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ 

ʅʰ˔ʱˊʰ ˁʰʽ ˍʹ˄ ʷˊʹ˃ˇ ʆʰˊΣ ʰʴʴʾʸˇ˄ˍʰˌ ˍʰ ор g˃ m-2 s-1Φ ʅˍˇ MRI-ESM2.0 , ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˍˊʶʽˌ 

ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʰˎ˅ʹ˃ʷ˄ʶˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ ɰɲ ʅʰ˔ʱˊʰΣ ˍʹ˄ ʷˊʹ˃ˇ ɽˇˎˍ 

ˁʰʽ ˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽΣ ˋˍʽˌ ˇˉˇʾʶˌ ˇʽ ˍʽ˃ʷˌ ˅ʶˉʶˊ˄ˇˏ˄ ˍʰ рл ˃g m-2 s-1Φ ʃʰˊˈ˃ˇʽʰ ʶʽˁˈ˄ʰ 

ˉˊˇˋˇ˃ˇʽ˗˄ˇˎ˄ ˍʰ ˃ˇ˄ˍʷ˂ʰ GISS-E2-1-G ˁʰʽ GFDL-ESM4, ˃ʶ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ˄ʰ ʶʾ˄ʰʽ 

ʶ˂ʰ˒ˊ˗ˌ ʰ˄ʶʲʰˋ˃ʷ˄ʶˌ ˋˍʹ˄ ɼΦ ɮ˒ˊʽˁʺΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɿΦ ʅʰ˔ʱˊʰˌΣ ˁʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ˂ʰ 

ɾʰˁʱ˄Φ ʁʽ ˍʽ˃ʷˌ ˋˍʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ мл-нл ˃g m-2 s-1. 
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ʅ˔ʺ˃ʰ 3.21: ɳˁˍʽ˃˗˃ʶ˄ʶˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ¦Y9{aм-0-LL, MRI-ESM2.0 , GISS-E2-1-G, GFDL-9{aп όʴˊʰ˃˃ʷˌύ ʴʽʰ ˍʽˌ ˍʷˋˋʶˊʽˌ ˃ʶ˂ʶˍˇˏ˃ʶ˄ʶˌ ˉʶˊʽˈʵˇˎˌ όˋˍʺ˂ʶˌύΦ 
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ʅˍˇ ʅ˔ʺ˃ʰ 3.22 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʶˁˍʽ˃˗˃ʶ˄ʶˌ ˃ʶˍʰʲˇ˂ʷˌ ˍ˖˄ ʶˍʺˋʽ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ˋˍˇ 

ʶʴʴˏˌ ˃ʷ˂˂ˇ˄Σ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˁʰʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ 

ʰ˄ʰ˒ˇˊʱˌΦ ʁʽ ʴˊʰ˃˃ʷˌ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ UKESM1-0-LL (1  ́

ʴˊʰ˃˃ʺύΣ MRI-ESM2.0 (2́  ʴˊʰ˃˃ʺύΣ GISS-E2-1-G (3  ́ʴˊʰ˃˃ʺύΣ GFDL-ESM4 (4́  ʴˊʰ˃˃ʺύΣ ˁʰʽ ˇʽ 

ˋˍʺ˂ʶˌ ˍʽˌ ʵʽʰ˒ˇˊʷˌ ˍˇˎ ʶʴʴˏ̩  ˃ʷ˂˂ˇ˄ˍˇˌ όм ́ˋˍʺ˂ʹύΣ ˍʹˌ ˃ʶˋˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎ όн ́ˋˍʺ˂ʹύ ˁʰʽ 

ˍʹˌ  ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ ˉʶˊʽˈʵˇˎ  όо ́̀ ˍʺ˂ʹύΦ 

ɼʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όнлнм-нлплύΣ ˋˍˇ UKESM1-0-LL ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ ˍʹˌ ˋˁˈ˄ʹˌ 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʶˉʽˁʶ˄ˍˊ˖ʻˇˏ˄ ˋʶ ˍˊʶʽˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ ɶ ˉˊ˗ˍʹ ˁʰʽ ˁˏˊʽʰ ˃ʶˍʰʲˇ˂ʺ ʰˉˇˍʶ˂ʶʾ 

˃ʶʾ˖ˋʹ ˁʰʽ ʶ˄ˍˇˉʾʸʶˍʰʽ ˋˍˇ ʅʱ˔ʶ˂Σ ˉ˂ʹˋʽʱʸˇ˄ˍʰˌ ˍʰ -10 g˃ m-2 s-1 ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ 

ʰ˄ʰ˒ˇˊʱˌΦ ɶ ʵʶˏˍʶˊʹ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʶˁʵʹ˂˗˄ ʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɰΦ 

ɹ˄ʵʾʰˌΣ ˈˉˇˎ ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʶˊʺ˃ˇˎ ʆʰˊ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰˏ˅ʹˋʹ ˁʰˍʱ н,4 g˃ m-2 s-1 ˁʰʽ ˋˍˇ 

ʰ˄ʰˍˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˃ʶʾ˖ˋʹ ˁʰˍʱ 3 g˃ m-2 s-1Φ ʆʷ˂ˇˌΣ ˃ʽˁˊʺ ˃ʶʾ˖ˋʹ ˁʰˍʱ 3,2 g˃ m-2 s-1 ˁʰˍʰʴˊʱ˒ʶˍʰʽ 

ˋˍʽˌ ʶˊʺ˃ˇˎˌ ɼʰˊʰˁˇˏ˃ ˁʰʽ ɱˁˈ˃ˉʽΦ ʅˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлпм-нлслύΣ ʹ ˃ʶʾ˖ˋʹ 

ʽˋ˔ˎˊˇˉˇʽʶʾˍʰʽ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ 21 g˃ m-2 s-1 ˋˍˇ ʅʱ˔ʶ˂ ˁʰʽ ˍʹ˄ ɹ˄ʵʾʰΣ ʶ˄˗ ˋˍʽˌ ʶˊʺ˃ˇˎˌ ɼʰˊʰˁˇˏ˃ 

ˁʰʽ ɱˁˈ˃ˉʽ ʹ ʰˏ˅ʹˋʹ ʶˁˍʽ˃ʱˍʰʽ ˄ʰ ˃ʶʴʰ˂˗ˋʶʽ ˋˍʰ 4,н ˁʰʽ р g˃ m-2 s-1, ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʅʹ˃ʰ˄ˍʽˁʷˌ 

ʰ˂˂ʰʴʷˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰ (2081-2100)Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ ʶˊʹ˃ʽˁʺ ˉʶˊʽˇ˔ʺ 

ˍʹˌ ɼΦ ɮ˒ˊʽˁʺˌ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ʵʾˉˇ˂ˇΣ ˁʰʻ˗ˌ ˋˍʹ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ʶˊʺ˃ˇˎ ˋʹ˃ʶʽ˗˄ʶˍʰʽ 

ʰˏ˅ʹˋʹ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ р g˃ m-2 s-1Σ ʶ˄˗ ˋˍˇ ˁʶ˄ˍˊʽˁˈ ˁʰʽ ʰ˄ʰˍˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʶʾ˖ˋʹ 

ˉˇˎ ˅ʶˉʶˊ˄ʱ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍʰ 30 g˃ m-2 s-1Φ ʃʰˊˈ˃ˇʽʰ ʶʽˁˈ˄ʰ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʶˁʵʹ˂˖ʻʶʾ 

ˁʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʰˊΣ ˋˍʹ˄ ɹ˄ʵʾʰΣ ˈˉˇˎ ˋˍˇ ʵˎˍʽˁˈˍʶˊˇ ˍ˃ʺ˃ʰ ʹ ʰˏ˅ʹˋʹ ˒ˍʱ˄ʶʽ ˍʰ п,8 g˃ m-2 s-1 ˁʰʽ 

ˋˍˇ ʰ˄ʰˍˇ˂ʽˁˈˍʶˊˇ ʹ ˃ʶʾ˖ˋʹ ˍʰ у g˃ m-2 s-1Φ ʅˍʹ˄ ʷˊʹ˃ˇ ɼʰˊʰˁˇˏ˃Σ ʹ ˃ʶˍʰʲˇ˂ʺ ˉ˂ʹˋʽʱʸʶʽ ˍʰ с,2 

g˃ m-2 s-1 ˁ ʰʽ ˋˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˇʽ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ʶ˂ʰˍˍ˗˄ˇ˄ˍʰʽ ˁʰˍʱ ф,8 ˃ g m-2 s-1. 

ʁʽ ˃ʶˍʰʲˇ˂ʷˌ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ˉˇˎ ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ MRI-ESM2.0  

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ ʵʶˏˍʶˊʹ ʴˊʰ˃˃ʺ ˍˇˎ ˋ˔ʺ˃ʰˍˇˌΦ ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ (2021-2040), 

ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ʶˁˍʽ˃ʱˍʰʽ ˄ʰ ʶˉʽˁʶ˄ˍˊ˖ʻˇˏ˄ ˋˍʹ˄ ɮˋʽʰˍʽˁʺ ʺˉʶʽˊˇΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ʽˋ˔ˎˊʺ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʹ ˇˉˇʾʰ ˒ˍʱ˄ʶʽ ˍʰ -10 g˃ m-2 s-1 ̀ ˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˁʰʽ ˍʰ -12 g˃ m-

2 s-1 ̀ ˍʹ˄ ʷˊʹ˃ˇ ɽˇˎˍΦ ɮˎ˅ʹˍʽˁʺ ˍʱˋʹ ˉˇˎ ˁˎ˃ʰʾ˄ʶˍʰʽ ˋʶ ˃ʽˁˊʱ ʶˉʾˉʶʵʰ όн-3 ˃ g m-2 s-1) h ˄ʰ˃ʷ˄ʶˍʰʽ 

˄ʰ ̀́ ˃ʶʽ˖ʻʶʾ ˋˍʹ ɿΦ ɮˊʰʲʽˁʺ ʷˊʹ˃ˇ ˁʰʽ ˍˇ ʅˇˎʵʱ˄Φ ɾʶˍʰʲˇ˂ʺ ˋˍʹ˄ ʶʽˁˈ˄ʰ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ 

ʶˁˍʽ˃ʱˍʰʽ ˁʰʽ ˋˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʵˏˇ ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌ. ɶ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ 

ˋˍʹ˄ ʷˊʹ˃ˇ ɱˁˈ˃ˉʽ ˋˍʰʵʽʰˁʱ ˃ʶʽ˗˄ʶˍʰʽΣ ˒ˍʱ˄ˇ˄ˍʰˌ ˋˍʰ р,7 g˃ m-2 s-1 ˋˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ 

ˉʶˊʾˇʵˇΣ ˁʰʽ ˁʰˍʰ˂ʺʴˇ˄ˍʰˌ ˋʶ ʶ˅ʽˋˇˊˊˈˉʹˋʹ ˃ʶ ˃ʾʰ ˃ʽˁˊʺ ʰˏ˅ʹˋʹ Ҍ1 g˃ m-2 s-1 ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ 

ʰʽ˗˄ʰΦ ʅˍʹ˄ ʷˊʹ˃ˇ ɽˇˎˍΣ ʹ ˃ʶʾ˖ˋʹ ˒ˍʱ˄ʶ̔ ˍʽˌ ˃ʷʴʽˋˍʶˌ ˍʽ˃ʷˌ ˍʹˌ ˋˍʰ 16 g˃ m-2 s-1 ˋ̱ ʹ 

˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇΣ ˍʹ˄ ˇˉˇʾʰ ˍʹ˄ ʶˉʰ˄ʰ˒ʷˊʶʽ ˋˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ʶˉʾˉʶʵʰ (-11 g˃ m-2 s-1 )  

ʷ˖ˌ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹΦ ʅˍˇ ʲˈˊʶʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ɮˊʰʲʽˁʺˌ ʶˊʺ˃ˇˎΣ ʹ ˃ʶʾ˖ˋʹ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊʺ 

ˋˍʰ -4 ˃ g m-2 s-1 ̀ ʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇ ˄ˈˍʽˇ ˍ˃ʺ˃ʰ ˍʹˌ ˈˉˇˎ ʹ ʰˏ˅ʹˋʹ ˉ˂ʹˋʽʱʸʁ ʽ ˍʰ Ҍу g˃ m-2 s-1 ˁ ʰˍʱ 

ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˉʶˊʾˇʵˇ ˃ʶ˂ʷˍʹˌΦ ɶ ˃ʶʴʰ˂ˏˍʶˊʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˋˍʹ˄ 

ɮ˒ˊʽˁʰ˄ʽˁʺ ʺˉʶʽˊˇΦ ɮ˄ʰ˂ˎˍʽˁʱΣ ˁʰˍʱ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˋˍʽˌ 

ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ˋˍˇ ʶˎˊˏˍʶˊˇ ˁˇ˃˃ʱˍʽ ˍʹˌ ɰΦ ʅʰ˔ʱˊʰ ˁʰʽ ɲΦ ɮ˒ˊʽˁʺˌΦ ʅˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ 

ˉʶˊʾˇʵˇΣ ˇʽ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ˋˍʹ ɰɲ ˁʰʽ ɼΦ ʅʰ˔ʱˊʰ ʶˁˍʽ˃ʱˍʰʽ ˈˍʽ ʻʰ ʰˎ˅ʹʻˇˏ˄ ˁʰʽ ʻʰ ˅ʶˉʶˊʱˋˇˎ˄ 

ˍʰ р,5 g˃ m-2 s-1Σ ʶ˄˗ ˋˍˇ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ɮ˒ˊʽˁʺˌ ʻʰ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ ˋʹ˃ʶʽ˗˄ʶˍʰʽ 

ˋˍʰʻʶˊʺ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˍʰ 5 ˃ g m-2 s-1. 
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ʁʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ ˍʹˌ ˋˁˈ˄ʹˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ GISS-E2-1-GΣ ʶʾ˄ʰʽ ʶ˂ʱ˔ʽˋˍʶˌ 

ˁʰʽ ˃ʹ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʷˌ ˋˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ όʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌύΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˃ʾʰ ˃ʽˁˊʺ ˃ʶʾ˖ˋʹ ˋˍˇ ɿʾʴʹˊʰΣ ˈˉˇˎ ˋˍʽˌ ʵˏˇ ˉˊ˗ˍʶˌ 

ˉʶˊʽˈʵˇˎˌ ˃ʶ˂ʷˍʹˌ όʶʴʴˏˌ ˃ʷ˂˂ˇ˄ ˁʰʽ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌύ ʵʶ˄ ˅ʶˉʶˊ˄ʱ ˍʰ -3 g˃ m-2 s-1. 

ɾʽˁˊʺ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ʶˁˍʽ˃ʱˍʰʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˁʰˍʱ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όнлум-2100), 

ˈˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʾʰ ʰˏ˅ʹˋʹ Ҍо g˃ m-2 s-1 ˋˍˇ ʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍˇˎ ʅʰ˔ʷ˂Σ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ɾʱ˂ʽΣ 

ˁʰʽ ˃ʾʰ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˃ʶʾ˖ˋʹˌ ˋˍˇ ɿʾʴʹˊʰ ˉˇˎ ʰʴʴʾʸʶʽ ̱  h7 ˃ g m-2 s-1. 

ɮ˄ˍʾʻʶˍʹ ʶʽˁˈ˄ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ GFDL-ESM4, ˁʰˍʱ ˍˇ ˇˉˇʾˇ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʽˌ 

ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˋʶ ˉˇ˂˂ʷˌ ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˁʰˍʱ ˍˇ 

ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όнлнм-нлплύ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˉʰˊʰˍʹˊʹʻʶʾ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ˋˍʹ˄ ʷˊʹ˃ˇ 

ʆʱˁ˂ʰ ɾʰˁʱ˄ ˁʰˍʱ 10,2 g˃ m-2 s-1Φ ʃʰˊˈ˃ˇʽʰ ˁʰˍʱˋˍʰˋʹ ʶˁˍʽ˃ʱˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˋˍʽˌ 

ʶˊʹ˃ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɮˊʰʲʾʰˌ ˁʰʽ ˍʹˌ ɲΦ ɹ˄ʵʾʰˌΣ ˈˉˇˎ ʹ ˃ʶʾ˖ˋʹ ˁˎ˃ʰʾ˄ʶˍʰʽ ˋˍʰ н-3 g˃ m-2 s-1. 

ɮ˄ˍʽʻʷˍ˖ˌΣ ˃ʶʴʱ˂ʹ ʰˏ˅ʹˋʹ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ ˋˁˈ˄ʹˌ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʰˊ˔ʷˌ ˍˇˎ ʰʽ˗˄ʰ ˋˍʹ˄ 

ʷˊʹ˃ˇ ɼʰˊʰˁˇˏ˃ (+6 ˃ g m-2 s-1 )Φ ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍʹ˄ ɮ˒ˊʽˁʰ˄ʽˁʺ ʷˊʹ˃ˇΣ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʾ˖ˋʹ ˍ˖˄ 

ʶˁˉˇ˃ˉ˗˄ ˁʰˍʱ 3 g˃ m-2 s-1 ˋˍʹ ɰΦ ɮ˂ʴʶˊʾʰ ˁʰʽ ˋˍʹ ɿɲ ʅʰ˔ʱˊʰΦ ʁʽ ˃ʶʽ˗ˋʶʽˌ ˁʰʽ ʰˎ˅ʺˋʶʽˌ ˉˇˎ 

˅ʶˁʾ˄ʹˋʰ˄ ˁʰˍʱ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ ʶˁˍʽ˃ʱˍʰʽ ˉ˖ˌ ʻʰ ˋˎ˄ʶ˔ʽˋˍˇˏ˄ ˍʹ˄ ʶˉˇ˃ʷ˄ʹ ʶʽˁˇˋʰʶˍʾʰ 

ό˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇˌύ ˁʰʽ ʻʰ ˒ˍʱˋˇˎ˄ ʷ˖ˌ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰΦ ʅˍʹ˄ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ 

ˉʶˊʾˇʵˇ (2081-нмллύΣ ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˍʹ˄ ʷˊʹ˃ˇ ʆʱˁ˂ʰ ɾʰˁʱ˄ ʰʴʴʾʸʶʽ ˍʰ -29,3 g˃ m-2 s-

1Φ ʅˍʽˌ ʶˊʺ˃ˇˎˌ ˍʹˌ ɮˊʰʲʾʰˌ ˁʰʽ ˍʹˌ ɲΦ ɹ˄ʵʾʰˌΣ ʹ ˃ʶʾ˖ˋʹ ˉ˂ʹˋʽʱʸʶʽ ˍʰ с g˃ m-2 s-1Φ ɶ ʰˏ˅ʹˋʹ ˉˇˎ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈ ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˉʶˊʽˈʵˇˎˌ ˋˍʹ˄ ʷˊʹ˃ˇ ɼʰˊʰˁˇˏ˃ ʵʽʰˍʹˊʶʾˍʰʽ ˁʰʽ ˃ʱ˂ʽˋˍʰ 

ʶ˄ʽˋ˔ˏʶˍʰʽΣ ˒ˍʱ˄ˇ˄ˍʰˌ ˍʰ Ҍ14,6 g˃ m-2 s-1Φ ʅˍʹ˄ ɮ˒ˊʽˁʰ˄ʽˁʺ ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˎ˄ʶ˔ʾʸʶˍʰʽ 

˃ʷ˔ˊʽ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰʽ˗˄ʰΦ 
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ʅ˔ʺ˃ʰ 3.22: ɳˁˍʽ˃˗˃ʶ˄ʹ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ˃ʷˋ˖˄ ʶˁˉˇ˃ˉ˗˄ ˋˁˈ˄ʹˌ ʰˉˈ ˍʰ ˃ˇ˄ˍʷ˂ʰ ¦Y9{aм-0-LL, MRI-ESM2.0, GISS-E2-1-G, GFDL-9{aп όʴˊʰ˃˃ʷˌύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ (1991-

2010) ɹ ʽʰ ˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄ όм ́̀ ˍʺ˂ʹύ Σ ˍʹ ˃ʶˋˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όн ́̀ ˍʺ˂ʹύΣ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ˉʶˊʾˇʵˇ όо ́̀ ˍʺ˂ʹύΦ 
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