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Synopsis 
Heavy snow in Japan in late January 2023 was analyzed using ensemble adjoint 

sensitivity analysis with JMA’s global ensemble forecast data, focusing on the mean 
temperature over Japan at 1200 UTC, 24 January. Sensitivity, based on forecasts 
initialized about one week earlier, revealed significant regions near the Bering Sea and 
around 90°E over northern Eurasia. The Bering Sea sensitivity corresponded to a blocking 
high formed by an anticyclonic vortex detached from the subpolar jet two days before the 
cold surge, while the Eurasian sensitivity appeared four days earlier and migrated 
eastward toward Japan. The results highlight wave packet propagation along the 
subtropical jet and identify the blocking high near the Bering Sea as a key factor. The 
combined effect of these factors is suggested to have driven a southward surge of cold air 
from Mongolia and southern Central Siberia, leading to a widespread drop in temperature 
across Japan. 
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2. 解析手法 

 

2.1 アンサンブル随伴感度解析 

EnASA

 

M 𝑡𝑡 = 0 
 𝛿𝛿𝒖𝒖𝑚𝑚  𝛿𝛿𝑽𝑽 

 𝒑𝒑𝑇𝑇 = (𝑝𝑝1, 𝑝𝑝2, … , 𝑝𝑝𝑀𝑀)  
 

𝛿𝛿𝑽𝑽 = 𝑝𝑝1 𝛿𝛿𝒗𝒗1 +  𝑝𝑝2 𝛿𝛿𝒗𝒗2 + ⋯ + 𝑝𝑝𝑀𝑀 𝛿𝛿𝒗𝒗𝑀𝑀     (1) 
 
 𝒑𝒑 

 𝛿𝛿𝑼𝑼 (2)  
 
𝛿𝛿𝑼𝑼 = 𝑝𝑝1 𝛿𝛿𝒖𝒖1 +  𝑝𝑝2 𝛿𝛿𝒖𝒖2 + ⋯ + 𝑝𝑝𝑀𝑀 𝛿𝛿𝒖𝒖𝑀𝑀      (2) 

 

 
 

U = (𝛿𝛿𝒖𝒖1, 𝛿𝛿𝒖𝒖2, … , 𝛿𝛿𝒖𝒖𝑀𝑀), V = (𝛿𝛿𝒗𝒗1, 𝛿𝛿𝒗𝒗2, … , 𝛿𝛿𝒗𝒗𝑀𝑀)  (3) 

 
 𝑱𝑱 

 
 

𝛿𝛿𝒋𝒋T = (𝛿𝛿𝛿𝛿1, 𝛿𝛿𝛿𝛿2, … , 𝛿𝛿𝛿𝛿𝑀𝑀)          (4) 
 

(5)  
 

𝛿𝛿𝛿𝛿 =  𝛿𝛿𝒋𝒋T𝒑𝒑            (5) 
 

 𝛿𝛿𝑼𝑼TG 𝛿𝛿𝑼𝑼 =  𝒑𝒑TUTGU𝒑𝒑 = 1  
𝒑𝒑  G 

Lagrange  
 

𝒑𝒑 =  1
2λ

(UTGU)−1𝛿𝛿𝒋𝒋           (6) 

 
 𝒑𝒑  𝛿𝛿𝒋𝒋 (7)

 
 

𝛿𝛿𝑼𝑼 = 𝛿𝛿𝛿𝛿1 𝛿𝛿𝒖𝒖1 +  𝛿𝛿𝛿𝛿2 𝛿𝛿𝒖𝒖2 + ⋯ + 𝛿𝛿𝛿𝛿𝑀𝑀 𝛿𝛿𝒖𝒖𝑀𝑀    (7) 
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Fig. 1 Conceptual diagram of SWM. 
 
3. 実験設定 
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4. 実験結果 
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4.1 ユーラシア大陸側の高感度領域 
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4.2 太平洋側の高感度領域 
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(Fig. 5(a), (b))

 
 

 
 

(a)         (b) 

Fig. 2 Each panel shows the high-sensitivity regions of z500 at 12 UTC on January 21, 2023, (a) over the Eurasian 
continent and (b) the Pacific Ocean.
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Fig. 3 High-sensitivity regions over the Eurasian continent at 12 UTC on 19 January. 
 
 
(a)         (b) 

 

Fig. 4 High-sensitivity regions over the northern Pacific. (a) 12 UTC on 20 January and (b) 12 UTC on 19 January.  
 
 
(a)         (b) 

 

Fig. 5 High-sensitivity regions over the southern Pacific. (a) 12 UTC on 20 January and (b) 12 UTC on 19 January.  
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