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˸͙͙ͭͤ͟ ˶͔͙ͦͤ͒ ˸͙͔͔͍͙ͦͫ;ςͨ ͪͦͺ͔ͫͫͦͪΣ ͒ΦͺΦ-ͣΦͤΦΣ 
͎͍͊ͤ͡·͚ ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟
ˢ͍ͭͦͪ ͔͔͋ͦ͡ нлл ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͙ ͔͊ͪͯ͋͗ͤ͘·ͻ 
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˭͍͊Φ ͊͋͡Φ -͟ΦͺΦ-ͣΦͤΦΣ ˿͊͡Ό͟ ˽ΦˢΦ



˻ͨ͊ͫͤ·͔ ͎ͨͦͦ͒ͤ·͔ Ύ͍͔͙ͤ͡Ύ vsΉ͔ͫͭͪͣ͊͟͡Έͤ·͔ ͫͦ͋·͙ͭΎ

͔̏ͫͭͪͣ͊͟͡Έ͔ͤͦ ͫͦ͋·͙͔ͭ τΉͭͦ ͫͦ͋·͙͔ͭΣ ͔͔ͪ͒ͦ͒͟͡Ύ ͎͒͊ͤͤͦͦ ͔ͣͫͭ͊ ͙ ͍͔͔͙ͪͣͤ ͎ͦ͒͊Τ ͔͎ͦ 
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͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͣͯͦͻ͍͊ͭͯ ͙͙͡ ͙ͻ ͫͦ;͔͙ͭ͊ͤΌ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͎͔͔͎ͣͤͦͦͭͤͦ͡ 

͙͎͙ͣ͊ͭͦͦ͟͡͡;͔͎ͫͦͦ͟ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡ΎΦ

˻͔ͨ͊ͫͤͦ ͎͔ͨͦͦ͒ͤͦ Ύ͍͔͙͔ͤ͡ τ Ή͔ͫͭͪͣ͊͟͡Έ͔ͤͦ ͙͙͡ ͙͔͙͍͔ͤͭͤͫͤͦ ͔͔͎͙ͣͭͦͪͦͦ͡;͔͔ͫͦ͟

(͎͙͔͔͎͙͒ͪͦͣͭͦͪͦͦ͡;͔͔ͫͦ͟) ͫͦ͋·͙͔ͭΣ ͔ͦͭͦͪͦ͟ ͔ͣͦ͗ͭ ͙ͨͪ;͙ͤΎͭΈ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͯ΅͔ͪ͋ 

͔͔͙ͤ͊ͫͤ͡ΌΣ ͙ͤͺ͔ͪ͊ͫͭͪͯͭͯͪ͟Σ Ή͙͔ͦͫͫͭͣ͊ͣ͟ ͙͙͡ Ή͙͔ͦͤͦͣ͟͟



˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ Ή͔ͫͭͪͣ͊͟͡Έͤ·ͻ Ύ͍͔͙͚ͤ͡ -͔ͭͪͤ͒·

Seneviratne, Sonia I., et al. "Weather and climate extreme events in a changing climate." Climate change 2021: The physical science basis: 

Working group I contribution to the sixth assessment report of the intergovernmental panel on climate change (2021): 1513-1766.

͙́Ύ͍͔͙ͨͤ͡Ύ ˿ͦ͋·͙͔ͭκͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟
͍͔̂ͪͦͤΈ͍͔͙͍͒ͦͫͭͦͪͤͦͫͭ 

͔͔ͭͪͤ͒

͔͔́ͣͨͪ͊ͭͯͪͤ·͔Ή͔ͫͭͪͣͯͣ͟·
ˤͦͤ͡· ͔ͭͨ͊͡Σ ͊ͤͦͣ͊͡Έͤ·͔ ͣͦͪͦ͘·Σ 
͖ͭͨ͡·͔κͻͦͦ͒ͤ͡·͔ ͤͦ;͙

˽͙ͪ͊ͭ͟;͔͙͍͔ͫ͒ͦͫͭͦͪͤͦ͟( )˥*

͔̏ͫͭͪͣ͊͟͡Έͤ·͔ ͙ͦͫ͊͒͟˶͙͍͙ͤ, ͤ ͍͔͙͊ͦ͒ͤͤΎ ˤ͔ͪͦΎͭͤͦ( )˥

˾͔;ͤ·͔ ͍͔͙ͤ͊ͦ͒ͤͤΎ˽ ͙͍ͦ͟·͚ͫͭͦ͟, ͫ ͔ͦͤͤ͘·͔͍͙ͨ͊ͦ͒͟ʕ·ͫͦ͊͟Ύ͍͔͔ͯͪͤͤͦͫͭΈ( )˾*
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ˤ͔͙ͤͭͪͦͨ;͔͙͔ͫ͟ͼ͙ͦͤ͟͡· ͔̏ͫͭͪͣ͊͟͡Έͤ·͚ ͍͔͔ͭͪΣ ͙ͦͫ͊͒͟˹͙͊͘͟Ύ͍͔͔ͯͪͤͤͦͫͭΈ͍ ͭͪ ͔ͤ͒͊ͻ

* ς˥͎ ͦ͋͊͡͡ΈͤͦΣ ˾ ςͪ ͔͎͙ͦͤ͊͡ΈͤͦΣ ˾ ς˾ͪ Ύ͒ ͔͎͙͍ͪͦͤͦ



˿ͦ͟͡Έͦ͟ ͙͍͔ͫͯͫͫͭͤͤ͟·ͻ ͙͍ͫͨͯͭͤͦ͟˭͔͙ͣ͡ ͍ ͔ͦͫͣͦͫ͟Κ

˴͙ͦ͡;͔͍ͫͭͦ ͙͍ͫͨͯͭͤͦ͟·ͻ ͍͊ͨͨ͊ͪ͊ͭͦ ͊͘ ͔͔͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙͔ͭͭ͡ ͍·ͪͦͫͦ͡ ͨͦ;͙ͭΉ͔ͫͨͦͤͤ͟ͼ͙͊͡ΈͤͦΦ ˿͔͚;͊ͫ ͙͔ͤ͊ͦͪ͋ͭ ˭͔͙ͣ͡ 

ͤ͊ͻ͙ͦ͒ͭͫΎ ͔͔͋ͦ͡ 150лл ͙͍ͫͨͯͭͤͦ͟



͔͔́ͣͨͪ͊ͭͯͪ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͦ͊ͤ͊͟

͔́ ͔ͣͨͪ͊ͭͯͪ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͦ͊ͤ͊͟ό́˽˻ύ ͍ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͙ ͍ͦͫͭͦ;͚ͤͦ ͦͤ͊͘ͻ Ή͍͙͊ͭͦͪ͊͟͡Έ͚ͤͦ ;͙͊ͫͭ ͙́ͻ͎ͦͦ ͔ͦ͊ͤ͊͟Τ  

͍ͦͫͤͦͤ·͔ ͙͍ͫͨͯͭͤͦ͟·͔ ͙͙͙ͣͫͫΣ ͍ͤͦͫΎ΅͙͔ ͍͊͒͟͡ ͍ ͔͎ͪͯ͡Ύͪͤ·͔ ͙͔͔͙ͣͪͤ͘Ύ́˽˻

Himawari



́˽˻ ς̏ ͡Έ-˹͙ͤΈͦΚ



˿͔ͦͤͤ͘·͔ ͎ͨͪͦͤͦ͘· 9b{h ͙ ͙͚͊ͤͦͣ͊͡ ́˽˻

˴͊ͪͭ͊ ͙͚͔͔͊ͤͦͣ͊ͭͣͨͪ͊ͭͯͪ͡· ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͦ͊ͤ͊͟ ͍ ͎͔ͨͪͦͤͦ͘9/a²C ͒͡Ύ ͔͔͎͔ͭͤͦͫͦͤ͊͘͡ ό͙ΌͤΈ -͍͎͊ͯͫͭύ нлнс ͎ΦΣ ͍·ͨͯ΅͔ͤͤͦͣ ͍ ͔ͣ͊ͪͭ 
нлнс ͎Φ ˮͫͭͦ;͙ͤ͟Υ /о{ κ 9/a²C - https://www.ecmwf.int/en/about/media -centre/science-blog/2026/el-nino-2026



́˽˻ ς̏ ͡Έ-˹͙ͤΈͦ



˸͙͔ͦͪͫ͟ ͍ͦͤ͡· ͔ͭͨ͊͡



˸͙͔ͦͪͫ͟ ͍ͦͤ͡· ͔ͭͨ͊͡ ς̒ ͔ͨͦͤͫͦ͟ ͔ͣͦͪ

͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ ͙ͣͦͪͫ͟ͻ ͍ͦͤ͡ ͔͍ͭͨ͊͡ ͔͍̒ͨͦͤͫͦͣͣͦͪ͟ ͍͔͙͙ͫͪ͊ͤͤ ͫ ˸͙͍ͪͦ·ͣ ͔ͦ͊ͤͦͣ͟Φ ˮͫͭͦ;͙ͤ͟Υ Wang, Dingqi, et al. 

"Characteristics of marine heatwaves in the Japan/East Sea." Remote Sensing 14.4 (2022): 936.

Average yearly sum of MHW-

intensity (MHWIy, °C days) 
Average MHW occurrences



˸͙͔ͦͪͫ͟ ͍ͦͤ͡· ͔ͭͨ͊͡ ς͘ ͙͍͊͡ ˽͔ͭͪ͊ ˤ͔͙͎ͦͦ͟͡Σ нлнр ͎Φ

͔̏ͫͭͪͣ͊͟͡Έͤ͊Ύͣͦͪͫ͊͟Ύ ͍ͦͤ͊͡ ͔ͭͨ͊͡ ͍ ͙͍͔͊͘͡ ˽͔ͭͪ͊ ˤ͔͙͎ͦͦ͟͡Σ ͔ͭͨ͡·͚ ͔ͫͦͤ͘ нлнр ͎Φ

ˮͫͭͦ;͙ͤ͟ ͒͊ͤͤ·ͻΥ OSTIA



SMAPςͫ ͦͪͦͫͭ͟Έ ͍͔ͭͪ͊ 
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͍͙ͭͦ͟

͙ͦͪ͋ͭ·

ͨͦͦͫ͡· ͦ͋ͦͪ͊͘

˹͍͙͔͊͊ͤ͘ ͙͙͙ͣͫͫ

͙̇͟͡

͎̂ͦ͡ ͦ͋ͦͪ͊͘

Meissner, T., Ricciardulli, L., & Wentz, F. J. (2017). Capability of the SMAP Mission to Measure Ocean Surface 

Winds in Storms,Bulletin of the American Meteorological Society,98(8), 1660-1677.



˸͙͍͍͔ͪͦͦͤͦͦ͟͡ ͙ͯ͘͡;͔͙͔ͤ

SMAP͔ͪ͊͋ͦͭ͊ͭL͍-͙͔͒͊ͨ͊ͦͤ͘

ͫ͒ ͙͚͍ͤͦͦͤ͡͡·ͦͦͦ͟͡21 ͫͣ

(1.4 ˥˥ͼύ, ͒͡Ύ͎ͦͭͦͪͦͦ͟:

- ͊ͭͣͦͫͺ͔͔͔ͪͤͦͪ͊ͫͫΎ͙͔͙ͤ

͎ͨͦͦ͡΅͔͙͔ͤͣ͊͡·;

- ͙͔ͣͪ͘Ύ͔ͣ͊ΎΎͪͦͫͭͤ͊͟Ύ

͔͔͍ͭͣͨͪ͊ͭͯͪ͊ ͍ͦͫͤͦͤͦͣ

͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ͍͚͍͙ͫͦͫͭ͊ͣ

͍͔ͨͦͪͻ͙ͤͦͫͭ;

- ͔͍͊ͣͭͤͦ͘ ͙͡Ύ͙͔ͤ

͙ͪ͊͒ͦ;͊ͫͭͦͭͤ·ͻ͔ͨͦͣͻ.
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˸͙͍͍ͪͦͦͤͦ͊͟͡Ύ ͙͔͙ͪ͊͒ͦͣͭͪΎ -͙͎ͤ͊͟

͔̅ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͯ;͔͔͋ͤͦ ͙ ͍ͫͨͪ͊ͦ;͔ͤͦ 

͙͙͔͒͊ͤ͘ ͨͦ ͙͍͍ͣͪͦͦͤͦͦͣͯ͟͡ 

͙͒ͫͭ͊ͤͼ͙ͦͤͤͦͣͯ ͙͍͙ͦͤ͒ͪͦ͊ͤ͘ΌΣ 

ͦͻ͍͊ͭ·͍͊Ό΅͔͔ ͔͙ͭͦͪΌΣ ͙͔͙͔ͣͪͭ͘͡Έͤ·͔ 

͙͔ͫͫͭͣ· ͙ ͙͔͙ͨͪͦ͗ͤ͡Ύ 

͙ͪ͊͒ͦͦ͊͟͡ͼ͙͎ͦͤͤͦͦ ͙ ͙͔͙ͪ͊͒ͦͣͭͪ;͔͎ͫͦͦ͟ 

͙͍͙ͦͤ͒ͪͦ͊ͤ͘ΎΦ



ˤ͔͙ͤͭͪͦͨ;͔͙͚ͫ͟ ͼ͙͎͔͔ͦͤ͘͟͡

Åˤ͔͙ͤͭͪͦͨ;͔͙͔ͫ͟ ͼ͙ͦͤ͟͡· όˤ́ύ̇ ͙͎ͪ͊Όͭ ͔ͪ΄͊Ό΅ͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͎ͨͦͦ͒ͤ·ͻ ͍͙͚ͯͫͦ͡ 

͍ ͔͙ͫͪ͒ͤͻ ͙ ͍·͙ͫͦ͟ͻ ΄͙ͪͦͭ͊ͻ ͙ ͙͍ͨͪͦ͒Ύͭ ͟ ͫͯ΅͔͍͔ͫͭͤͤ·ͣ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͙ͫͣ͟ 

͔͍͙ͨͦͫ͒ͫͭ͡ΎͣΣ ͍͙͡ΎΎ ͤ͊ ͫͯ͒ͦͻ͍ͦ͒ͫͭͦΣ ͣͦͪͫͯ͟Ό ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟ ͙ ͙͔ͨͪ͋ͪ͗ͤ·͔ ͔͎͙ͪͦͤ·Φ 

Å˭͊ ͔͙͔ͨͦͫ͒ͤ͡ мр-нл ͔ͭ͡ ͍ͦͪͦͫ͘ ͙͔͔ͤͭͪͫ ͟ ͨͪͦͼ͔ͫͫ͊ͣΣ ͍·͘·͍͊Ό΅͙ͣ Ή͔ͫͭͪͣ͊͟͡Έͤ·͚ ͍͔͔ͭͪ ͍ 

͙͔͙͍ͤͭͤͫͤ·ͻ ˤ́̇ όaŀǎǎ andDotsonΣ нлмлύΣ ͦͭͦͪ͟·͔ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͨͦ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͚ͤͦ ͔͙ͣͦ͒͡ 

Ή͍ͦ͡Όͼ͙͙ ͙̊͊ͨͪͦ-˴͔͚͔ͪ͊͘(Shapiro, KeyserΣ мффлύΦ ͙̏ͭ ͼ͙ͦͤ͟͡·Σ ͔ͦͫͦ͋ͤͤͦ ζ͍ͪ͘·͍ͤ·͔η 

ό͎͔͙͔ͯͯ͋ͤ͡͡ ͔͔͋ͦ͡ м ͔͔͋ͪ͗ͪͦͤ͊ςҗ 24 ͎ ˽͊/ 24; ͤ͊ ΄͙͔ͪͦͭ сл°ύΣ  ͍ͫͦͫͭ͊͡ΎΌͭ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ 

;͊ͫͭΈ ͙͔͔ͤ͊͋ͦ͡ ͪ͊ͪͯ͘΄͙͔ͭ͡Έͤ·ͻ ͫͯ͡;͔͍͊ ͙͔͎ͣͤͦ͘ ͼ͙͎͔͔ͦͤ͊͘͟͡ ͍ ˿͔͍͔͚ͪͤͦ ˢ͙͔ͭ͊ͤͭ͟͡ όHart

et alΦΣ нлмтύ ͙ ͔͍͔͚ͫͪͤͦ ;͙͊ͫͭ ͙́ͻ͎ͦͦ ͔ͦ͊ͤ͊͟ όZhanget al., 2017). 



ˤ͔͙ͤͭͪͦͨ;͔͙͚ͫ͟ ͼ͙͎͔͔ͦͤ͘͟͡ - ͦ͟ ͤͼ͔ͨͭͯ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ ͍͔ͭͪ͊

˴ͦͤͼ͔ͨͭͯ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ ͍͔ͭͪ͊ ͒͡Ύ ˤ́̇ ˿͔͍͔͚ͪͤͦ 
ˢ͙͙ͭ͊ͤͭ͟͡ όHewson, Neu, 2015ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͭͪ 
͙ͦͭ͡;͙͔ͭ͡Έͤ·͔ ͙ͦ͋͊ͫͭ͡ ͍ ͙͙ͤ͗ͤͻ ͫͦ͡Ύͻ 
ͭͪͦͨͦͫͺ͔ͪ·Υ

Å͔ͭͨ͊͡Ύ ό²Wύ ͙ ͻͦͦ͒ͤ͊͡Ύ ό/Wύ ͍͔͚͔ͦͤͪͤ͟·͔ 
͙͍ͫͭͪͯ ͔ͭͨͦͣ͡ ͙ ͻͦͦ͒ͤͦͣ͡ ͔ͫͭͦͪ͊͟ͻ 
ͼ͙͍ͦͤͦ͟͡ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦ ͎ͣͦͯͭ ͍·͘·͍͊ͭΈ 
͍͔ͫΈͣ͊ ͪ͊ͪͯ͘΄͙͔ͭ͡Έͤ·͔ ͨͦͪ·͍· ͙͍͎ͨͪͦ͒ͤͦͦ 
͍͔ͭͪ͊Τ 

Å͙͔͔ͤ͊͋ͦ͡ ͦͨ͊ͫͤ͊Ύ ͙ ͪ͊ͪͯ͘΄͙͔ͭ͡Έͤ͊Ύ 
͔ͦͫͦ͋ͤͤͦͫͭΈ ͍ͪ͘·͍͎ͤͦͦ ͼ͙͎͔͔ͦͤ͊͘͟͡ҍ 
͍͙͍͔͙͔ͦͤͤͦͤ͘͟ ͔ͣͦͣ͊ͫ͘΄͚ͭ͊͋ͤͦ ό͔͔͔ͣͤ млл 
ͣ͟ύ  ͙ͦ͋͊ͫͭ͡ ;͔͍ͪ͘·;͚͊ͤͦ ͙ͫ͡Έͤ·ͻ 
͙͍ͨͪͦ͒ͤ·ͻ ͍͔͍ͭͪͦ ͙ ͙ͻ ͨͦͪ·͍͍ͦΣ ͦͭͦͪͯ͟Ό 
ͤ͊͘·͍͊Όͭ ζ͗͊͡Ύ΅͊Ύ ͫͭͪͯΎη ҍ Sting Jet (SJ).



ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͙ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍͔͙ͤͭͪͦͨ;͔͙ͫ͟ͻ ͼ͙͍ͦͤͦ͟͡

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ɺʊʎ ʩ ʫʨʘʛʘʥʥʳʤ ʚʝʪʨʦʤ ʠ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ

ɺʊʎ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠʩʴ ʢʘʢ ʰʪʦʨʤ ʩ ʫʨʘʛʘʥʥʳʤ ʚʝʪʨʦʤ (HF) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ:

Å ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ SMAP WmaxÓ 33 ʤ/ʩ (ʧʦ ʰʢʘʣʝ ɹʦʬʦʨʪʘ) ʚ ʨʘʜʠʫʩʝ 800 ʢʤ ʦʪ ʮʝʥʪʨʘ 

ɺʊʎ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʨʘʜʠʫʩʳ ʚʝʪʨʘ ʫʨʘʛʘʥʥʦʡ ʩʠʣʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ (Bell,

2004);

Å ʮʝʥʪʨʳ ɺʊʎ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘʜ ʉʊʆ ( ʨʘʡʦʥ 30-65°N, 130°E ï120°W) ʧʦ ʝʞʝʯʘʩʥʳʤ ʧʦʣʷʤ SLPʠʟ ERA5;

Å ʚʳʙʨʘʥʥʘʷ ʟʦʥʘ HF ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʦʙʟʦʨʘ SMAPʠ ʩʦʜʝʨʞʘʣʘ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭ ʪʦʯʝʢ ʩʝʪʢʠ 

ʨʘʟʤʝʨʦʤ 0,25°×0,25°, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʪʴ Wmaxʚ ʧʨʝʜʝʣʘʭ ʧʦʛʦʜʥʦʡ ʩʠʩʪʝʤʳ;

Å ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʜʣʷ ʰʪʦʨʤʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʣʘʩʪʴ HF

ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʣʘʩʴ ʠʟʤʝʨʝʥʠʷʤʠ SMAP.

ʋʨʘʛʘʥʥʳʝʚʝʪʨʳʙʳʣʠʩʚʷʟʘʥʳʪʦʣʴʢʦʩɺʊʎ.ʀʩʢʣʶʯʝʥʠʝʤʩʪʘʣʨʘʡʦʥʫʁ ʛʦ-ʚʦʩʪʦʯʥʦʛʦʧʦʙʝʨʝʞʴʷʂʘʤʯʘʪʢʠʚ

ʤʘʨʪʝ2017ʛʦʜʘ,ʛʜʝSMAP ʦʰʠʙʦʯʥʦʜʝʪʝʢʪʠʨʦʚʘʣʵʢʩʪʨʝʤʘʣʴʥʳʡʚʝʪʝʨʚʙʣʠʟʠʜʨʝʡʬʫʶʱʠʭʣʴʜʦʚʠʟ-ʟʘʠʭ

ʦʰʠʙʦʯʥʦʛʦʤʘʩʢʠʨʦʚʘʥʠʷ.



ʂʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ ʚʟʨʳʚʥʦʛʦ 

ʮʠʢʣʦʛʝʥʝʟʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (Zhang et al., 2017).

ʂʘʨʪʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ɺʊʎ  ʩ 

ʫʨʘʛʘʥʥʳʤ ʚʝʪʨʦʤ (Ó 33 ʤ/ʩ).

I ʠ II ïʦʯʘʛʠ ʮʠʢʣʦʛʝʥʝʟʘ.

ʎʚʝʪʦʚʘʷ ʰʢʘʣʘ ïʚ ʩʦʙʳʪʠʷʭ 

ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 106ʢʤ2

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʬʝʨʠʯʝʩʢʦʡ 

ʷʯʝʡʢʝ 5°). ʅʘ ʚʩʪʘʚʢʝ 

ʧʦʢʘʟʘʥʦ ʩʝʟʦʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʊʎ ʩ 

ʫʨʘʛʘʥʥʳʤ ʚʝʪʨʦʤ.

ʩʣʘʙʘʷ 
ʫʤʝʨʝʥʥʘʷ        

ʩʠʣʴʥʘʷ

ʩʫʧʝʨ-ʩʠʣʴʥʘʷ

II

I

I ʦʯʘʛ ʮʠʢʣʦʛʝʥʝʟʘ (~ 45% ʫʨʘʛʘʥʥʳʭ ʩʦʙʳʪʠʡ) ī ʢ ʖɺ ʦʪ ʂʘʤʯʘʪʢʠ, ʚ ʦʩʥʦʚʥʦʤ ʨʘʡʦʥʝ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚ ʉɿʊʆ. II ʦʯʘʛ (20% ʩʦʙʳʪʠʡ) ʠʤʝʝʪ ʩʝʟʦʥʥʳʡ ʩʜʚʠʛ ʥʘ ʚʦʩʪʦʢ,  ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʩʚʷʟʠ ʩ ʫʩʠʣʝʥʠʝʤ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠʚ ʥʠʞʥʝʡ ʪʨʦʧʦʩʬʝʨʝ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʇʆ (Pickart et al., 2009). 
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˴͊ͪͭ͊ ;͊ͫͭͦͭ· ͎͙͋͊ͦͨͪ͡Ύͭͤ·ͻ ͍͙͚ͯͫͦ͒͡͡Ύ 
͔ͣͦ͘ͼ͙͎͔͔͍ͦͤ͊͘͟͡ ͦͭ͟Ύ͔͋ͪ нлмт ͎Φ ͨͦ͊͘͟·͍͔͊ͭ 
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