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• Forecasts with largest heat flux leading to SPV weakening/SSW had

anticyclonic wave break in N Atlantic, absent in those which did not (Fig. 3).

• Consistent with S-G dipole development: can use S-G dipole in MSLP as a

diagnostic of this wave breaking event.

• Forecasts which captured wave break also showed enhanced Ural high in

following days, but initial amplification of [v*T*] preceded this. Suggests Ural

high amplification resulted from wave break, and wave break more

important for SSW onset.

• 49 events in ERA-I Nov-Mar 1979-2017 where S-G dipole exceeded 40 hPa

(similar to Feb 2018, 99th percentile of all NDJFM days, 20-day window

between events).

• Associated with enhanced [v*T*] & SPV weakening (Fig. 4). 90% (33%)

associated with 500 hPa [v*T*] exceeding 1 σ (2 σ) within a 5-day window.

• Preceded 35% of major SSWs (max. 15-day lag).
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Introduction

In early February 2018, forecasts from models in the subseasonal-to-seasonal

(S2S) database abruptly transitioned from forecasting a strong stratospheric

polar vortex (SPV) to a major sudden stratospheric warming (SSW) – which

then occurred on February 12th. In this work we investigate a synoptic-scale

tropospheric precursor, which was not well-forecast, limiting the

predictability of the SSW and its impacts.

Onset of SSW prediction

• Increasing ensemble confidence of strong vortex from forecasts launched

through late January followed by abrupt change.

• No members from Jan 29th ECMWF ensemble captured strong deceleration

after Feb 5th (Fig. 1a) with ensemble mean showing strengthening. Feb 12th

error ~50 m s-1. Correct tendency captured in Feb 1st ensemble.

• Associated with increase in upper-tropospheric wave activity (Fig. 1b)

suggesting an abrupt change in tropospheric wave driving on synoptic

timescale. Similar results for other S2S models.

• Investigate correlation between precursor MSLP & 10 hPa 60°N ZMZW

across ensemble members from late Jan to early Feb (Fig. 2).

• Strongest correlation forms a dipole between Greenland and Scandinavia:

members with deeper cyclone over Greenland and stronger ridge over

Scandinavia had weaker ZMZW.

• Define S-G dipole as area-average MSLP difference between nodes as shown

in Fig. 2 (black dashed lines). Strength of Ural high (red dashed line) does not

seem as important in the forecast transition analysed here.

Abrupt stratospheric vortex weakening associated 

with North Atlantic anticyclonic wave breaking

Figure 1: Forecasts of (a) 10 hPa 60°N zonal-mean zonal wind (ZMZW) and (b) all-wave 300
hPa 45-75°N eddy heat flux [v*T*] from January 29th and February 1st ECMWF ensembles.

The Scandinavia-Greenland (S-G) dipole

Figure 2: Correlation between forecast 9-11 Feb 10 hPa 60°N ZMZW and 3-5 Feb MSLP in (a)
29 Jan-1 Feb NCEP and (b) 29 Jan & 1 Feb ECMWF forecasts. White lines delineate |r|>0.7, black
dashed lines delineate S-G dipole nodes & red dashed line indicates the Ural high.

Figure 3: Evolution of 315 K potential vorticity in ECMWF forecasts from Jan 29 & Feb 1 with
(top row) highest 10% and (bottom row) lowest 10% 300 hPa [v*T*] on Feb 4-6. Black contour
delineates 2 PVU.

Historical S-G dipole events

Figure 4: Composite standardized anomalies of (a) 45-75°N [v*T*] and (b) 60-90°N
geopotential height for 30 days either side of 49 S-G dipole events in ERA-I. Solid (dashed)
lines indicate significance at 90% (95%). In (b) the 61-day mean has been removed to show
relative tendency.
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