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Prospects for predicting the 
presence and timing of the 
surface response after 
stratospheric events

We may be able to better predict the existence, timing, and type of downward 
impact of sudden stratospheric warming events using several factors including 
lower stratospheric persistence, Pacific precursors, and tropospheric variability.
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THE SUDDEN STRATOSPHERIC WARMING 
EVENT ON FEBRUARY 12, 2018
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Figures: potential vorticity at 10hPa during the 2018 SSW event
© Alexander Wollert / Daniela Domeisen



THE SURFACE IMPACT OF THE STRATOSPHERE
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Stratospheric event
Predictability: days to weeks

Tropospheric impact
Predictability: weeks to months

What determines the existence, 
timing, and persistence of the 
tropospheric impact of SSW 
events?
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2m temperature anomaly (week 3 + 4) 
after weak vortex event:

Data: S2S prediction database:
Vitart et al. (2017). BAMS.  
http://doi.org/10.1175/bams-d-16-0017.1
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Figure 4. Composite 2m temperature anomalies (K) for weeks 3-4 for (top) weak vor-

tex states and (bottom) strong vortex states. (b)/(d) show the multi-model mean for forecasts

initialized during weak/strong vortex states. (a)/(c) shows the equivalent anomalies for ERA-

interim where each date present in the multi-model mean in (b)/(d) has been given an equivalent

weighting. The individual prediction systems for (b) are shown in Figure S3.

increase in ACC during the weak vortex events (Fig. 6a) although this increase is only503

significant for roughly half of the models in each region. The models are also rather con-504

sistent in showing a reduction in RMSE in Russia and the central USA, but they are less505

consistent in this measure for the Middle East.506

A notable region of reduced skill during weak vortex events arises over Europe (Fig.507

5c). While we cannot directly relate the change in skill shown in Fig. 5c to the compar-508

ison of the composites in Fig. 4, they are, at least, consistent in that the region of re-509

duced skill over Europe during weak vortex events is a region where the model and re-510

analysis WEAK composites di↵er (Figs. 4a,b). The forecast systems suggest that the zero511

line of surface temperature anomalies roughly cuts through central Europe with cold512

anomalies to the North and warm anomalies to the South (Fig. 4b), with some vari-513

ability between individual models (Fig. S3). The ERA-interim composite, how-514

ever, shows the zero line further north with warm anomalies extending northward from515

the Middle-East into eastern Europe/western Russia. As a result, the ERA-interim and516
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ERA-interim multi-model mean

Figure: Domeisen et al., 2019, JGR 
special issue on S2S prediction.
https://doi.org/10.1029/2019JD030923

WE CAN PREDICT THE GENERAL
RESPONSE TO STRATOSPHERIC EVENTS

In general, there is a 
negative NAO response 
after SSW event.

Models tend to capture 
this response.

https://doi.org/10.1029/2019JD030923
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Figure 1. Histogram of the persistence [days] longer than 1 day in a positive (light gray) versus negative
(red) NAO phase for winter (DJFM) for (a) the full NAO time series 1850 - 2014, (b) the NAO time series

for 1979 - 2014, (c) the days 8 to 52 after the occurrence of a SSW event for 1979 - 2014. Additional

horizontal bars inside the gray bars indicate the height of the red bars where the gray bars are taller than
the red bars. All distributions are normalized for comparison.
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identified in the reanalysis. The NAO persistence criterion yields the same result (i.e.,235

downward or non-downward e�ect) for 17 of the 23 SSW events identified in K17. Note236

that while the 24 SSW events between 1979 - 2014 from Butler et al. [2017] are listed237

here, the event on 24/03/2010 has not been classified in K17. As a sensitivity test, tight-238

ening criterion (ii) defined in section 2.2 for the NAO to be below zero for at least 26239

instead of at least 23 days (i.e., more than 50% of the days out of a period of 45 days)240

yields agreement for one additional event. The criterion is robust to further sensitivity241

tests. NAO switch events are found after 14 of the 37 SSW events, and the switch crite-242

rion also yields the same result (i.e., downward or non-downward e�ect) for 17 of the 23243

SSW events identified in K17, like the persistence criterion. The persistence and switch244

criteria occur simultaneously for 20 of the 37 SSW events, and for 16 of 23 SSW events245
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THE PERSISTENCE OF NEGATIVE NAO EVENTS 
INCREASES AFTER SSW EVENTS

negative NAO

positive NAO

climatology:

after SSW event:
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Figure: Domeisen, 2019. JGR-Atmospheres.
https://doi.org/10.1029/2018JD030077

Persistent positive NAO 
phase is suppressed after 
SSW event, while 
negative NAO phases 
tend to become longer

But: less than 25% of 
persistent NAO events in 
winter are indeed 
preceded by SSW events

Data: ERAinterim (1979 - 2014)

see also: Charlton-Perez et al (2018). QJRMS, 
http://doi.org/10.1002/qj.3280

https://doi.org/10.1029/2018JD030077


BUT NOT ALL SSW EVENTS EXHIBIT A “DOWNWARD IMPACT”
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all SSW (24 events)

500hPa geopotential height anomalies [m]

SSW not followed by persistent NAO 
or switch to negative NAO (8 events)

SSW followed by persistent 
NAO (14 events)
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Contours: all anomalies
Shading: values significant 
at p < 0.05 level.

Figure: Domeisen, 2019. JGR-Atmospheres.
https://doi.org/10.1029/2018JD030077

“downward impact” “no downward impact”

see also: Karpechko et al (2017). QJRMS, 
http://doi.org/10.1002/qj.3017

https://doi.org/10.1029/2018JD030077


WHAT MIGHT BE THE REASONS FOR THE 
VARIABILITY IN THE DOWNWARD IMPACT?
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1. Lower stratospheric      
persistence

3. Tropospheric 
variability

2. East Pacific 
forcing

Considering 3 factors:
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1. THE TROPOSPHERIC RESPONSE IS STRONGER AND MORE PERSISTENT 
FOR A PERSISTENT LOWER STRATOSPHERIC SIGNAL

Figure: Domeisen, Hitchcock et al, in prep.
Data: MPI-ESM seasonal prediction model: Baehr et al (2015). Climate Dynamics. 
http://doi.org/10.1007/s00382-014-2399-7
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2. EAST PACIFIC FORCING CAN MODIFY THE RESPONSE TO SSW EVENTS IN 
THE NORTH ATLANTIC
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Atlantic jet (16)

poleward 
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The opposite SSW 
responses in the North 
Atlantic storm track 
also exhibit opposite 
“precursors” in the 
eastern North Pacific.

The troposphere can 
have a strong impact 
on the manifestation 
of the downward 
response to SSWs. 
see also: Garfinkel et al 2013, 
Chan & Plumb, 2009

Figure: tropospheric circulation averaged over 30 days following SSW events

Fig: Afargan-Gerstman & Domeisen, 
GRL,2020. 
https://doi.org/10.1029/2019GL085007

https://doi.org/10.1029/2019GL085007


3. THE SURFACE IMPACT OF SSWS MAY DEPEND ON THE 
STATE OF THE TROPOSPHERE AT SST ONSET
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Figure 3. Standardized geopotential height anomalies for the sector -80�E to 40�E / 60�N to 90�N for (a) all SSW events, and (b - d) sub-

divided by the weather regime that is dominant at the onset of the SSW event as indicated in the panel titles. Hatching (stippling) indicates

that the confidence intervals and the random distributions overlap by less than 25% (10%).

is again illustrated by a case study of the SSW events on Feb 12, 2018 (Fig. 4c). This anomaly is not highly robust, but it is

nevertheless significantly different from a random sample at the 25 % level. Several SSWs with a cyclonic regime at the onset

are followed by GL at a longer lag (Fig. 2d), thus, likely causing these anomalies. Still the GL frequencies only reach 25% at

most and also other regimes occur more often albeit with low frequencies around 25%. These findings and the small amplitude

of the anomalies suggest that the variability in the tropospheric response to SSWs is large after a cyclonic regime at lag zero -220

which is also confirmed by the inspection of individual cases (not shown).

5 Impact on Surface Weather

Since each weather regime is associated with characteristic surface weather, the modulation of regime successions in the

aftermath of a SSW by the tropospheric state at the time of a SSW is likely a key contributor to the marked variability in

the surface impact, such as, for example, 2m temperature. Hence, we here consider spatial composites of 2m temperature225

anomalies and anomalies of 500 hPa geopotential height (Z500’) for the three groups of SSW events discussed in the previous

sections (Fig. 5).

During SSWs with GL at the onset, initially strong warm anomalies prevail over Greenland and the Canadian Archipelago,

whereas western Russia and Scandinavia are anomalously cold (Fig. 5a). Consistent with the subsequent progression of weather

regimes - typically towards the cyclonic AT regime or EuBL - mild conditions are established throughout central Europe (from a230

9

The events with a strong 
“downward impact” are 
dominated European 
blocking at the onset of 
the SSW.
These events favor a 
transitioning into 
Greenland blocking, the 
“canonical response” to 
SSWs. 

at onset of SSW (day 0) at onset of SSW (day 0)

at onset of SSW (day 0)

Units: Standard deviation 
of geopotential height 
anomalies for Atlantic 
sector. Hatching 
(stippling): confidence 
intervals and the random 
distributions overlap by 
less than 25% (10%). 
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Cyclonic regimes: 
zonal regime, Atlantic 
trough, Scandinavian 
trough

Figure: Domeisen, Grams, Papritz, Weather and Climate Dynamics Discussions.
https://www.weather-clim-dynam-discuss.net/wcd-2019-16/wcd-2019-16.pdf

description of weather regimes: 
see appendix



SUMMARY
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Not all stratospheric events have the same surface impact:
- About two thirds are followed by a negative NAO response

and an equatorward shift of the jet over the North Atlantic.
- About one third of events show a poleward jet shift and a 

positive NAO response. 

A reliable prediction of the downward response is currently
only possible in a statistical sense but not for individual 
events.

The response depends on the state of the troposphere at the
time of the stratospheric event, the persistence of the signal
in the lower stratosphere, and the upstream forcing in the
East Pacific. 

A better understanding of these factors will allow for improved
predictions on sub-seasonal to seasonal timescales. 



APPENDIX:
WEATHER REGIMES

Cyclonic regimes: the Zonal regime (ZO), 
the Atlantic Trough (AT) regime with 
cyclonic activity shifted towards western 
Europe, and the Scandinavian Trough 
(ScTr) regime. 
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Figure: Domeisen, Grams, Papritz,
Weather and Climate Dynamics Discussions.
https://www.weather-clim-dynam-discuss.net/wcd-2019-16/wcd-2019-16.pdf


