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To understand the factors leading to the unprecedentedly heavy snowfall in Japan in late January 2023, we

employed ensemble adjoint sensitivity analysis using the Japan Meteorological Agency global forecast data. This

analysis is focused on the sensitivity to the mean temperature over Japan. Sensitivity analysis revealed significant

sensitivity in 500 hPa geopotential height around 80°E over northern Eurasia and near the Bering Sea. The Eurasian

sensitivity, evident four days before the arrival of the cold surge, migrated eastward towards Japan. Our analysis

supports the wave packet propagation along the subtropical jet. The sensitivity near the Bering Sea coincided with

the formation of a blocking high, caused by an anticyclonic vortex detached from the subpolar jet two days before

the arrival of the cold surge. The blocking high is also identified as a sensitive factor. Our analysis indicate that the

combined effect of these factors caused a southward surge of the cold air from Mongolia and southern Central Siberia,

causing a widespread drop in temperature across Japan.
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Fig.1: 850 hPa air temperature at forecast time 1200
UTC Jan 22. Initial time 1200 UTC Jan 20, validation
time 1200 UTC Jan 24, validation area Japan (120°E-
150°E, 20°E-50°E).
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Fig.2: 850 hPa air temperature at forecast time 1200
UTC Jan 20. Initial time 1200 UTC Jan 18, validation
time 1200 UTC Jan 22, validation area 115°E-135°E,
35°E-55°E.
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Fig.3: 500 hPa geopotential altitude at forecast time
1200 UTC Jan 24. Initial time 1200 UTC Jan 22,
validation time 1200 UTC Jan 24, validation area
Japan (120°E-150°E, 20°E-50°E).
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