


•

•

•





•

•

•











•

•

•







•



•

•



•

•

•





•



•

•



• –

•

•



•













지구온난화가증가할때마다, 평균기후와극한현상의지역

적변화는더광범위해지고뚜렷해진다



미래 기후변화는 자연과 인간 시스템 전반에 걸쳐 영향의 심

각성을증가시키고,지역적차이를증가시킬것이다

옥수수 생산량의 변화

최대 어업 잠재력 변화









•

•

•

•

•

•



•

•

•

•

•

•

변화율
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출처: JTBC

출처: JTBC
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중반기 2021-2040전반기 2041-2080 후반기 2081-2100
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•
𝑃ோ = 1 + 𝛾 𝑇௖௘௟௟ 𝑡 − 𝑇ௌ்஼ , 𝑇ௌ்஼ = 25℃, 𝛾 = −0.005℃ିଵ

𝑇௖௘௟௟ 𝑡 = 𝑐ଵ + 𝑐ଶ𝑇𝐴𝑆 𝑡 + 𝑐ଷ𝑅𝑆𝐷𝑆 𝑡 + 𝑐ସ𝑉𝑊𝑆 𝑡

𝑐ଵ = 4.3℃, 𝑐ଶ = 0.943, 𝑐ଷ = 0.028℃𝑚ଶ𝑊ିଵ, 𝑐ସ = −1.528℃𝑠𝑚ିଵ
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Large Ensemble Climate Simulation & Objective Detection

Utsumi, Kim et al. (J. Geophys. Res. Atmos., 2016)



+ Frequency changes in observed typhoon heavy rainfall vs human impact on 
typhoon heavy rainfall show similar spatial patterns.



Climate simulation dataset 

To detect the front 
6 hourly, JRA55 
Weather chart (2000–2010; Utsumi et al., 2014)  For verifying the detected front

Research periods: 
historical earlier period (P1) : 1958 – 1982 (25-yr)
historical later period (P2)    : 1991 – 2015 (25-yr)

Target season: Active front season (16 June – 15 July, 30 days) 

Fixed greenhouse gas 
forcing at 1920 condition

To demonstrate anthropogenic greenhouse gases forcing impacts
Daily, CESM1 LE historical (HIST, 40ens) 
& all-but-greenhouse gases forcing (XGHG, 20ens)

To detect the frontal rainfall
Daily, APHRODITE



Observed changes in frontal rainfall intensity

P2 (1991–2015) – P1 (1958–1962) HIST – XGHG during P2 (1991–2015)

Influence of solely greenhouse gas forcing

+ In the recent period, the intensification of frontal rainfall has been influenced by 
greenhouse gas forcing. 

+ The intensity of frontal rainfall became enhanced by 19.8% along the coastal regions of EA. 

Targeted domain 




