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1. Predictability of Sudden Stratospheric Warmings (SSWSs)

Background: SSWs are extreme wintertime circulation events of the Arctic stratosphere that
are accompanied by a disruption of the polar vortex, a strong westerly winds around the winter

pole. The disruption can be classified into split and displaced events based on the vortex

geometry.

Motivations: SSWs can have long-lasting impacts of several weeks to months on surface
weather. However, it is difficult to forecast SSWs at lead times longer than 1-2 weeks.
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Shown is the percentage of ensemble members of eight different S2S models as a function of
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lead time (days) that detect SSWs within £3 days (from Domeisen et al. 2020a).

Goals: 1. Distinguish SSW signals from normal winter based on the dynamics of SSWs;

2. Achieve a successful probabilistic prediction for the SSW event (and the event

type) at lead times longer than 2 weeks.

3. Contributors to PC tendency of SSWSs

We perform the budget analysis for A, of PV onto the concatenated ERA-interim daily data
from 50 to 1 days prior to the onset day for all SSW events in 1979-2018.

A, budget of the composite of events from 50 days to 1 days before the onset day
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 The diagnhosed A, tendency (solid black) resembles the actual 4, tendency (dashed black)
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* Abrupt rise of % at around -25 day leads to large positive A, at the onset day of SSWSs

« Liny,,, (red) starts to grow at around -25 day and it is well correlated to A; development

« Split events: the largest contributor to % IS Nlingoy_pign (YellOW)

* Displacement events: the Lin,,,, (red) accounts for most of %

Combining all linear advection terms and nonlinear advections terms
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2. Mode-Decomposition Diagnhosis

We Iintroduce the anomalous Ertel’s potential vorticity (PV, denoted as P)
equation at 850 K isentropic surface by separating the anomalies from the

climatologies as:
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Linear advection Nonlinear advection

We obtain EOF spatial patterns of PV at 850 K {Py, P,, ..., Pip01} DY
applying PCA analysis on the PV anomalies represented by Laplacian
eigenfunctions and corresponding PC time series {41, A, ..., A1901} Of PV.

Following Ailkawa et al. (2019), we regress V onto the PCs and taking the
Inner product with P; yields the PC tendency equation for A:

dA, 1

= —[Lingoy + Lingign + Nlingow—1ow + Nlingow—nign + Nlinpign—nign + £

dt Cy

The first EOF patterns of PV (P;)

P, takes the shape of a

C,. eigenvalue of mode 1

Lin,,,,: linear term involving interaction

Interaction between high modes
F;: residual forcing

wavenumber-zero structure with
negative anomaly at the pole.

The first PC time series of PV (4,)

between low mode and climatology
Ling;gp: linear term involving interaction

between high mode and climatology

Nlin;,,,—1ow: NONlinear term involving
Interaction between low modes
Nlingy, _pign: NONlinear term involving

Interaction between low and high modes
Nlinp;gn—pign: NONlinear term involving
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5. Take-home Messages

* From the mode-decomposition diagnosis, we found that the linear advection starts to increase

around 25 days before SSW events and it is distinct from normal winter days

* The evolutions of linear and nonlinear advection are robustly different between displaced and

split SSWs at around 10 days before the events

* The differences in the linear and nonlinear advection time evolution can be used to predict

and classify the SSW events at longer lead time

* The dynamical interpretation of the mode decomposition can be related to the PV flux, which
IS dynamically connected to Eliassen-Palm Flux divergence and wave-mean and wave-wave

Interaction
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4. Connect mode equation budget with PV flux

We can rewrite the PV equation combining the PV flux as:
AV (PVY+V-(PV)+V- (P V)= PV-V—PV-V' —PV-V =F
Here we look at the northward density-weighted PV flux and decompose

the total flux into:

[P*v7] = [Fevel + [Pave] + [Fval + [Fyvel

c represents climatology and a represents anomalies from the climatology

PV flux of the composite of events from -50 to —1 day
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* Negative PV flux corresponds to
convergence of Eliassen-Palm
Flux and thus deceleration of U

* As approaching SSWs, PV flux
becomes more and more negative
and the main contributors are
[Pave + Prvg] and [Pyvg ]
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Contributions of each mode to linear advection vs. to [P;v; + P v}]
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It is found that P,, Py, and P,;, have the largest contributions to the increase
of linear advection term and to the decrease of |P;v; + PSv;].

The 9th EOF patterns of PV (Py)

The 14th EOF patterns of PV (Py,)




