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Butler et al. (2019, Chp.11)

Stratospheric polar vortex

in the Northern Hemisphere winter

“Sub-seasonal predictability and the stratosphere”
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Butler et al. (2019, Chp.11)

Stratospheric polar vortex

in the Northern Hemisphere winter

Baldwin & Dunkerton (2001)

“Enhanced seasonal forecast skill following

stratospheric sudden warmings”

“The Climate-system Historical Forecast Project:

do stratosphere-resolving models make better
seasonal climate predictions in boreal winter?”

“Seasonal winter forecasts and the stratosphere”

“Long-range prediction and the stratosphere”

Sigmond et al. (2013)

Butler et al. (2016)

Scaife et al. (2016)

Scaife et al. (2022)
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- What is the current status of stratospheric predictability

in seasonal forecast systems?

- How do they represent upward troposphere-stratosphere coupling?

- Does wave-forcing initialization have an impact on the SPV skill?

SCIENTIFIC QUESTIONS:
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Waves propagating upwards from the 

troposphere (LSWF) break in the SPV

and decelerate it [latitude-pressure]

- What is the current status of stratospheric predictability

in seasonal forecast systems?

- How do they represent upward troposphere-stratosphere coupling?

- Does wave-forcing initialization have an impact on the SPV skill?

∆ഥ𝑈10 𝜑, 𝑝, 𝑡 ≈ ∆ഥ𝑈∗ 𝜑, 𝜏𝑝 , 𝑡 ≈ −𝐴න
𝑡0

𝑡

∆ 𝑣∗𝑇∗
100 𝑡′ 𝑒−(𝑡−𝑡′)/𝜏𝑝 𝑑𝑡′

Hinssen & Ambaum (2010)

SCIENTIFIC QUESTIONS:

vertical Rossby wave flux

lower-stratosphere wave forcing

(LSWF)

𝑣∗𝑇∗
100

zonal-mean meridional eddy heat flux at 100hPa

over 40ºN-80ºN
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- What is the current status of stratospheric predictability

in seasonal forecast systems?

- How do they represent upward troposphere-stratosphere coupling?

- Does wave-forcing initialization have an impact on the SPV skill?

SCIENTIFIC QUESTIONS:

Copernicus Climate Change Service

(C3S) multi-model dataset

Nov 1993/94-2016/17

NDJF
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METEO-UB variability & predictability

Zonal-mean zonal wind at 10hPa / DJF average
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METEO-UB variability & predictability

Zonal-mean zonal wind at 10hPa / DJF average

polar vortex

U[55ºN-70ºN]
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METEO-UB variability & predictability

Zonal-mean zonal wind at 10hPa / DJF average

QBO-related variability
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METEO-UB variability & predictability

Zonal-mean zonal wind at 10hPa / DJF average

overconfident

better calibrated
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Zonal-mean zonal wind at 10hPa / DJF average
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Zonal-mean zonal wind at 10hPa, [55ºN-70ºN] / DJF average

prediction skill
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Zonal-mean zonal wind at 10hPa, [55ºN-70ºN] / DJF average

prediction skill

∆ഥ𝑈∗ 𝜑, 𝜏𝑝 , 𝑡 ≈ −𝐴න
𝑡0

𝑡

∆ 𝑣∗𝑇∗
100 𝑡′ 𝑒−(𝑡−𝑡′)/𝜏𝑝 𝑑𝑡′

v*T* main source of SPV variability

Andrews et al. (1987); Newman et al. (2001)

𝑣∗𝑇∗
100 eddy heat flux at 100hPa, [40ºN-80ºN]
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METEO-UB stratospheric dynamics

seasonal timescale
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METEO-UB stratospheric dynamics

daily timescale
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Zonal-mean zonal wind at 10hPa, [55ºN-70ºN] / DJF average

prediction skill

∆ഥ𝑈∗ 𝜑, 𝜏𝑝 , 𝑡 ≈ −𝐴න
𝑡0

𝑡

∆ 𝑣∗𝑇∗
100 𝑡′ 𝑒−(𝑡−𝑡′)/𝜏𝑝 𝑑𝑡′

v*T* main source of SPV variability

Andrews et al. (1987); Newman et al. (2001)

𝑣∗𝑇∗
100 eddy heat flux at 100hPa, [40ºN-80ºN]

𝑣∗𝑇∗100 _𝑁𝐷𝐽𝐹 𝑣∗𝑇∗100 _𝑁𝑜𝑣
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[v*T*] eddy heat flux at 100hPa

prediction skill
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METEO-UB prediction skill

[v*T*] eddy heat flux at 100hPa
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METEO-UB model bias

[v*T*] eddy heat flux at 100hPa / DJF climatology

S2S Prediction Project Database (Vitart et al. 2017)

hindcasts 1999-2010
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- deep tropics: high predictability / high prediction skill related to the QBO

middle-subpolar latitudes: prediction skill close to potential predictability

subtropical latitudes: prediction skill is lower than potential predictability

- seasonal/daily coupling between eddy heat flux at 100hPa (LSWF) and polar
vortex strength at 10hPa (SPV) is reasonably well simulated by the forecast

systems, besides model biases in the SPV climatology

- troposphere-stratosphere coupling (LSWF) provides prediction skill for SPV

v*T* shows high prediction skill in November [0 lead-time]
v*T* shows marginal skill in DJF, mainly over the North Pacific, while in

reanalysis the key region appears to be Eurasia

- forecast quality assessment in the stratosphere [subseasonal-2-seasonal]

shall include probabilistic skill scores

In the boreal winter stratosphere:
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Zonal-mean zonal wind at 10hPa, [55ºN-70ºN] / DJF average

prediction skill
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Zonal-mean zonal wind at 10hPa, [55ºN-70ºN] / DJF average

probabilistic skill (SSW)
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METEO-UB probabilistic skill (SSW)
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