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Behavior of Ensemble Spread Around Blocking Phenomena
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We examine the behavior of ensemble spread by focusing on the instantaneous temporal variations of the jet stream
to clarify the predictability of blocking phenomena. Interpreting stagnation as a quasi-stationary state allows us to
utilize the dynamical properties of the non-stationary minimum point (MP) of temporal variations. Using the
Japanese Reanalysis for Three Quarters of a Century (JRA-3Q), we identified quasi-stationary states in the Northern
Hemisphere characterized by small temporal variations during the cold wave blocking event from mid-December
2020 to early January 2021. These states are consistent with blocking defined by the reversal of potential vorticity
on the dynamical tropopause. In the JMA’s Global Ensemble Prediction System (GEPS), ensemble spread tends to
increase during quasi-stationary states. This result supports the dynamical theory dictating that a state of minimum
temporal variation corresponds to a stationary solution or an MP, whose eigenvalues theoretically include zero and
are not entirely negative. These findings suggest that blocking phenomenon reflects instantaneous jet stagnation, and

the MP's dynamical properties characterize ensemble behavior during blocking. (169 words)
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Fig. 1 The shade refers to the reversal of potential
vorticity on the dynamic tropopause, and the
slanted line regions correspond to the blocking
defined by [1]. The red and blue lines are quasi-
stationary states and non-quasi stationary states,
respectively.
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states, (b) neutral but a blocking event under
definition [1], (c) non-quasi-stationary states.



