
PREDICTABILITY OF EXTREME 
STRATOSPHERIC EVENTS (NH)
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Overall, stratospheric events are difficult to predict on S2S timescales



PRECURSORS TO STRATOSPHERIC 
EVENTS (EXTRATROPICAL TROPOSPHERE)

Figures: J. Furtado
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Tropospheric precursors to SSW events 

Sea level pressure anomalies before major SSW events
(days -21 to -14)



PRECURSORS TO STRATOSPHERIC 
EVENTS (TROPICS)

MJO (NDJF)

QBO (early Nov)

X - 28 GARFINKEL SCHWARTZ AND OTHERS : QBO AND NH VORTEX PREDICTABILITY
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Figure 4. Probability density of zonal wind at 10hPa, 60◦N for reforecasts initialized

in early November for ECMWF (a) in the first week; (b) second week; (c) third week; (d)

fourth week; (e) fifth week; and (f) sixth week, after initializing. Reforecasts initialized

during WQBO conditions are in red, while reforecasts initialized during EQBO conditions

are in blue. Each panel indicates the difference in the mean and the likelihood of such

a pair of distributions arising from random sampling of a single distribution as given by

a Students-t test. The probability density is computed by normalizing the histogram of

zonal wind during WQBO and EQBO, and no smoothing is applied.
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Figures: C. Garfinkel

MJO phase 2 (209 cases)
MJO phase 6 (385 cases)

Winds at 10hPa, 60N in ECMWF model, for:

easterly QBO(220 cases)
westerly QBO (154 cases)

The MJO and Quasi-Biennial Oscillation can affect polar vortex variability

see also:
Schwartz & Garfinkel, 2017, JGR 

see also:
Garfinkel et al., 2018, JGR 
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DOWNWARD COUPLING FROM THE 
STRATOSPHERE

Figure: B. Ayarzagüena
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There is a surface amplification of the stratospheric signal

regression of the anomalous polar cap 
pressure on 100-hPa temperatures averaged 
over 65-90N in January-March for the period 
1981-2013
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SURFACE IMPACT AFTER STRATOSPHERIC 
EVENTS

Figure: I. Simpson

weak vortex events (SSW): 
negative NAO

strong vortex events: 
positive NAO

ERA-interim multi-model mean 2m temperature anomaly (week 3 + 4) after:

Domeisen | S2D Boulder | 19 September 2018

SSW and strong vortex events have opposite surface impacts



SURFACE PREDICTABILITY AFTER 
STRATOSPHERIC EVENTS IS INCREASED

Predictability (ACC) at 1000hPa 
(polar cap average) after:

strong vortex events 

Figure 16: Anomaly correlation skill (which variable?) after stratospheric events with (a) weak, (b) strong

and (c) neutral vortex cases for 3 (left) and 4 (right) weeks after the event in the lower stratosphere (100 hPa)

and at the surface (1000 hPa) for the indicated range of S2S models. (method for error bars?) (Andrew

Charlton-Perez)

The forecasts are grouped according to the vortex state at the time of initialization: The Weak vortex

state is defined as the zonal mean zonal wind at 60N and 10hPa smaller than 5ms?1, for Neutral vortex,

the wind is greater than 10ms?1 and smaller than 35ms?1, and for a strong vortex, the wind is greater

than 40m/s.

For comparison with the SSW section, the forecast skill di↵erences between SSW dates and Control

dates are calculated, where SSW dates = the first forecasts initialized after the SSW dates used by

Masakazu. Control dates = the forecasts from the same date of the year identified as an SSW date, but

for all other available years i.e., this is similar to the method used by Sigmond et al, but instead of only

using the year before and after for control dates, all other years are used. The number of dates going
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Figure: A. Charlton-Perez

Stratospheric events increase surface predictability on S2S timescales
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SUMMARY

stratosphere
Although the 
stratosphere 
itself exhibits 
limited 
predictability on 
S2S timescales, 
it is an 
important factor 
for adding 
predictability to 
the troposphere 
on S2S 
timescales

@Domeisen_D

Stratospheric event
Predictability: days to weeks

Tropospheric impact
Persistence: weeks to months

Thank you!
Domeisen et al., in 
preparation for the JGR/GRL 
special issue on S2S 
prediction
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