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Stratospheric polar vortex
in the Northern Hemisphere winter
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in the Northern Hemisphere winter stratospheric sudden warmings”

Sigmond et al. (2013)
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“Long-range prediction and the stratosphere”
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SCIENTIFIC QUESTIONS:

- 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?
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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?

t
AUy (9, p,0) = AU (9, 7, t) = —A j A[v*T* 1001 (£ e~/ !
to

| J
|

Hinssen & Ambaum (2010) vertical Rosshby wave flux

v¥T* 2 zonal-mean meridional eddy heat flux at 100hPa
[ 100] over 40°N-80°N

lower-stratosphere wave forcing
(LSWF)

stratopause

10 hPa —

LSWFE 100 hPa —

tropopause

Waves propagating upwards from the
troposphere (LSWF) break in the SPV
and decelerate it [latitude-pressure]
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- How do they represent upward troposphere-stratosphere coupling?

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

General description of the 5 seasonal prediction systems.

Initial
Conditions **

Ensemble
Size

Models Resolution *
CMCC 1° lat/long
Copernicus Climate Change Service "% ot
_ MF TL359
(C3S) multi-model dataset (system 6) 1L
ECMWF Tco319
(SEASS5) 91 L
Nov 1993/94-2016/17 WD 1o
NDJF (system 2) 95 L
UKMO N216
(GloSea5, system 13) 95 L

1st November

20th, 25th October
1st November

1st November

1st November

25th October
1st, 9th November

40 members

2x12 members
1 member

25 members

30 members

7 members
for start date
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Zonal-mean zonal wind at 10nhPa/ DJF average
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Zonal-mean zonal wind at 10nhPa/ DJF average
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Zonal-mean zonal wind at 10hPa, [55°N-70°N] / DJF average
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Zonal-mean zonal wind at 10hPa, [55°N-70°N] / DJF average

— CMCC[0.48] —— DWDI[0.37] —— UKMOI[0.36] - CMCC,UKMO,DWDI[0.47]
— ECMWF[0.12] MF[0.07] == MMM[0.40] = ERA-I

2

US> 791 (std. dev.)
o
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v*T* main source of SPV variability

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

t

Aﬁ*((p, Tp't) ~ _AJ Alv*T* 150] (tN e~/ gt
to

[v*T*100] eddy heat flux at 100hPa, [40°N-80°N]
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Zonal-mean zonal wind at 10hPa, [55°N-70°N] / DJF average

— CMCC[0.48] —— DWDI[0.37] —— UKMOI[0.36] ===+ CMCC,UKMO,DWDI[0.47]
— ECMWF[0.12] MF[0.07] == MMM[0.40] = ERA-I
2

US> 791 (std. dev.)
o
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[V*T*] eddy heat flux at 100hPa

December to February (DJF)
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[V*T*] eddy heat flux at 100hPa / DJF climatology

(a) v'T' ERAI (b) HT - ERAI, week 4 (c) LT - ERAI, week 4

S2S Prediction Project Database (vitartet al. 2017)

hindcasts 1999-2010
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In the boreal winter stratosphere:

- 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
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Table 1: Strength of the link between SPV and regional LSWF. Correlation between DJF anomalies of SPV winds (AE) and DJF wind anomalies

reconstructed from regional LSWF (AU:;E;' see Eq. 1). The latter are calculated using v/ T/ from the regions selected in the figure on the right. Bold

values are significant at 95% confidence level.

40-80° N W Pacific E Pacific Pac sec Eurasia

CMCC 0.91 -0.05 0.75 0.40 0.85
MF 0.82 -0.33 0.61 0.55 0.51
ECMWEF 0.84 -0.22 0.53 0.26 0.71
DWD 0.74 -0.35 0.45 0.07 0.69
UKMO 0.89 -0.40 0.68 0.19 0.64
+  40-80°N W Pacific
ERA-I 0.91 014 001 01]_ 072 x Pac sec Eurasia

E Pacific
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ERA-I v'T' climatology (DJF average)

ERA-I DJF time series
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Zonal-mean zonal wind at 10hPa, [55°N-70°N] / DJF average

—— DWDI[0.37]
MF[0.07]

UKMO[0.36]

MMM[0.40]

= ERA-I
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Zonal-mean zonal wind at 10hPa, [55°N-70°N] / DJF average

— CMCC[0.48] —— DWDI[0.37] —— UKMO[0.36]

- CMCC,UKMO,DWDI[0.47]
— ECMWF[0.12] MF[0.07] == MMM[0.40]

= ERA-I

2

US> 791 (std. dev.)
o

1994/95 2000/01 2006/07 2012/13

05F

0.0

U2~ 7% (std. dev.)

U2~ 7% (std. dev.)
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Table2 A) Probabilistic skill in predicting the number of SSWs per winter
(DJF), with events selected using the 55_70N definition (Sect. 2.2). Skill is
evaluated with BSS for three categories: occurrence of SSWs below, equal
to, and above normal conditions (Bn/n/An). BSS i1s obtained by compar-

ing the dynamical forecasts to a prediction based on observed climatologi- ERAI 10.4+2.5 DWD 14.9+1.2
cal probabilities or assuming equiprobability (values in parenthesis), while CMCG 6.0x1.2 MFP13.7:1.1
p € equip p ’ ——ECMWF 11.641.1 ——UKMO 10.4£1.5

its confidence level is determined with a binomial test which considers
successful years (BS < BS,,;) equiprobable to unsuccessful years (BS >
BS,.p); see Sect. 2.3 for details. Note that for CMCC normal conditions
correspond to zero SSWs per winter and BSSy, cannot be calculated (n.c.)

Ay

SSW dec~!

A) SSW probabilistic skill

0 I I 1 I
Nov Dec Jan Feb Mar
coeft: BSSg, BSS, BSS 4,
Fig. 5 November to March seasonal distribution of SSWs per decade
CMCC n.C. (n.c.) -0.13(0.04) -0.30 (-0.09) in a [— 10,4 10]-day window around the SSW date for ERA-Interim
MF 0.03** (0.04*%) 0.00 (0.15) -0.28 (-0.07) and the forecast systems, with SSWs selected using the 55_70N defi-

nition (see Sect. 2.2). The average SSW frequency per decade is indi-
cated next to each label. Time-series are smoothed with an 11-day

ECMWE 0.06" (0.07*%) -0.02 (0.17) -0.08 (0.10")

DWD 0.03" (0.03™ -0.03 (0.12) -0.I1 (0.08™) running mean
UKMO  0.14* (0.14™) 0.04* (0.19) 0.02** (0.19")
ERA-I

**I* significant at 95% / 90%
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