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Scientific questions: Sudden Stratospheric Warming events

- SSWs are important/interesting dynamical
phenomena!

- Vertically propagating planetary waves “break”
when their amplitudes become large and deposit
easterly momentum on the westerly polar vortex
during NH winter.

- Waves can only propagate if the background flow

satisfies
0< U < U,
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- If momentum deposition from breaking waves is
sufficient, the vortex becomes unstable. ZMZW
reverses and polar cap T increases dramatically.

Displaced




Why are SSWs Important?

A : Comppsite of 18 Weak Vortex Eyents Figure from Baldwin et al.
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- Anomalies associated with SSWs can propagate vertically
downwards to the surface (the dripping paint picture). MG

- Associated with a negative NAO phase and cold snaps over i "
Northern Europe

7L\
- Representing/understanding these events is key to improve
S2S predictability. Oxford, March 2018




Chemical-Dynamical Coupling

Trace gases influence atmospheric (diabatic) heating rates according to their molecular structure
SW - z

- Shortwave heating via absorption: pQV (Z) — Fj/oo k',/ Pa (Z) (& Xv(2)

- Common (and important) example is ozone.

- Highly coupled with stratospheric dynamics. Ozone coupling with dynamics appears to:
- Account for approximately 25% of the QBO amplitude (Huang et al. 2008)
- Strengthen the Holton-Tan relationship in some simulations (Silverman et al. 2018)

- Variability of the Polar Vortex drives interannual variability in the size of the NH ozone hole. E.G. this
year, the largest on record cause by, among other factors, an anomalously strong vortex.



Representing Atmospheric Chemistry in GCMs: 2 Methods

Interactive Chemistry

Captures chemical-dynamical feedbacks

- Chemisty
‘Observations ;1)

Prescribed Chemistry

No feedbacks

Dynamics
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Experimental Setup: Analysing SSW representation in Prescribed and Coupled

Chemistry MetOffice Models

- Compare the representation of SSW events and the polar vortex in
MetOffice contributions to CMIP6.

- HadGEMGC3.1 (GC3) coupled ocean-atmosphere model prescribes
seasonally repeating chemical distributions.

- UKESMT1 uses the same dynamical core and ocean component as GC3.
Couples radiation and dynamical components to the UK chemistry and
aerosols model (UKCA).

- Consider pre-industrial control runs (500 years of GC3, 1000 years of
UKESM).

Does the inclusion of couple chemistry influence model SSWs?
- What physical mechanisms are responsible for any differences?
- What can differences tell us about chemical-dynamical coupling
and stratospheric variability?



SSW rates in GC3 and UKESM1
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Wave Driving of the Vortex

Meridional Eddy Heat Flux 40-70N 100hPa

35 { —— ERA A - Ed:jy hezt t_rag.sport
o Soanee i panétary wae acti
30 - GC3 N216 ',,x&?\:ﬁq’*\iy Y P y y-
R :' |, H “' 'll ‘I‘ '!v"‘\“'\"‘\.\ l‘ i
HIKESH Lo g7 : '\ i\ - Both models show

overestimated wave activity
in Sep-Oct which may
account for the early winter
overestimation of SSWs

[V'T'I(Kms™1)

- No significant differences
between UKESM and GC3
over the whole season.

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun



SSWs appear suppressed in Interactive chemistry models compared to prescribed.

Differences peak in mid-winter (polar night).

Mid-latitude tropospheric wave driving is similar across the models.

Physical mechanisms responsible for the differences in SSWs may originate elsewhere. We therefore
also assess the representation of the equatorial stratosphere, an important region when considering
vortex variability, in each model. namely;

- The Semi Annual Oscillation (SAQO) in mesospheric zonal mean zonal wind.

- The Quasi Biennial Oscillation (QBO) and its links to ozone variability.



The SAO in GC3 and UKESM1
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Interannual Variability in the SAO in GC3 and UKESM11

0.5hPa ZMZW (UKESM)
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UKESM Jul-Dec equatorial ZMZW on the 0.5hPa separated into SAO years which exhibit a westerly
phase (orange) and no SAO years which exhibit only easterlies (blue). The mean state
climatological winds are shown in red.



SAO Influences on the Vortex
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SAO influences on the Vortex
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Equatorial Ozone Variability in UKESM

g Iiffm - QBO like variations in ozone mole fraction can be
[0 € observed in equatorial ozone in UKESM.
IR O - This variability is absent in GC3 (Not shown) as
- T {alnoruaw | o this model prescribes seasonally repeating ozone
2 lk ,‘ | ‘ '\ \ 50 fields. I.E. only a seasonal cycle is present (see
\l WAL | oo next slide).
S I M W L M L VO
. - This QBO in ozone is a well understood effect
- N g (refs) and has been shown to account for
= ny (8 M’ L 12 approximately 20% of the QBO amplitude.
= ! ‘ " | [ ' | . | 00 £
£ Wit \'“\"'\\” W \"‘ \“ \\"\n' \UI& \ l;‘\\ ot - We aim to analyse whether the inclusion of this
L MU LV UER LA VR VR S KT L G T o ozone variability in UKESM (and not GC3) drives
Power spectrum (15hPa) e Power spectrum (30hPa) SSW dlfferences.
= L=
ade 25 2 2% 50p a0 3 5 8 i 2 6w 2 500 5E B B Wi

Period (years) Period (years)



Pressure, mb

Pressure, mb

Equatorial Ozone Variability in UKESM
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in the following NH winter?



Ozone Links With the Vortex.
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Left: Time series of annual mean Aug-Oct ozone mole fraction averaged between 10 and 20hPa levels
(orange), shading represents SSW rates in sets of 100 winters sorted by percentile bands of the timeseries.
Right: SSW rates vs timeseries 10 percentile band middles.

- Interannual variability in Aug-Oct mean ozone between 10 and 20hPa
levels associated with SSW probability in following winter.

- Years with ozone closest to prescribed value exhibit an SSW rate closest
to that of GC3.



Ozone Links With the Vortex - Winter ZMZW composites for ozone bands
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Ozone Links With the Vortex.
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Conclusions and Future Work

SSW representations are different in MetOffice models with prescribed and interactive chemistry
schemes.
- Coupled chemistry suppresses SSW rates.

Representations of key modes of variability in the equatorial stratosphere, the SAO and QBO, could
account for these differences.

Coupled chemistry models appear to reduce biases in SAO representation (both in mean state and
interannual variability) which may influence SSWs.
- explicit analysis of ozone in this region is needed to link these differences to chemical feedbacks.
- Future work using a set of sensitivity experiments in which a model is run for a case study winter
containing an SSW with and without coupled chemistry will give a more direct comparison.

Equatorial zone variability in early winter may influence SSW probability via the QBO.
- The response appears to be partially due to ozone response to QBO.
- Diabatic effects may also play a role though.
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