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Abstract This study investigates the downward influences of sudden stratospheric warming
(SSW) in February 2018 using a subseasonal-to-seasonal forecast model, Global Seasonal fore-
casting system version 6 (GloSea6). To quantify the influences of SSW on the tropospheric pre-
diction skills, free-evolving (FREE) forecasts are compared to stratospheric nudging
(NUDGED) forecasts where zonal-mean flows in the stratosphere are relaxed to the observa-
tion. When the models are initialized on 8 February 2018, both FREE and NUDGED forecasts
successfully predicted the SSW and its downward influences. However, FREE forecasts initial-
ized on 25 January 2018 failed to predict the SSW and downward propagation of negative
Northern Annular Mode (NAM). NUDGED forecasts with SSW nudging qualitatively well pre-
dicted the downward propagation of negative NAM. In quantity, NUDGED forecasts exhibit a
higher mean squared skill score of 500 hPa geopotential height than FREE forecasts in late Feb-
ruary and early March. The surface air temperature and precipitation are also better predicted.
Cold and dry anomalies over the Eurasia are particularly well predicted in NUDGED compared
to FREE forecasts. These results suggest that a successful prediction of SSW could improve the
surface prediction skills on subseasonal-to-seasonal time scale.
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b a) 25 Jan. 2018 Initialization & b) 08 Feb. 2018 Initialization
— ERAS5
50 501 —— NUDGED
40 - % 40 - —— FREE
30 \/\_— 30
. ~~
8 204 20
2
0 0
-104{ —— ERA5 —10 1 \
_50] — NUDGED ~20
—— FREE
-30 T T T T T T -30 T T T T T T
25 01 08 15 22 01 08 08 15 22 01 08 15 22
Jan Feb Feb Feb Feb Mar Mar Feb Feb Feb Mar Mar Mar Mar
Date Date

Fig. 1. Time series of 10 hPa zonal-mean zonal wind at 60°N in ERAS5 and GloSea6 forecasts for two initialization dates; (a) 25
January 2018 and (b) 8 February 2018. Black, blue, and green lines indicate ERAS5, FREE, and NUDGED, respectively.
Colored thick lines indicate the ensemble mean, whereas colored thin lines indicate individual ensemble members. Vertical
dashed lines indicate the onset date of the SSW.
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Fig. 2. Time-pressure development of the polar-cap (65~90°N) geopotential height anomalies in (a) ERAS, (b) FREE, (c)
NUDGED, and (d) NUDGED minus FREE for 8 February initializations. The climatology calculated from ERA5 data is
applied to ERAS and model experiments. The dashed lines indicate the onset date of the SSW, and the green lines indicate the
90 hPa pressure level. Dotted values indicate statistically significant values at the 95% confidence level according to a Student’s
t-test.
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Fig. 4. Temporal evolution of (a) zonal-mean MSE, and (b) eddy MSE for 500 hPa geopotential height in FREE and NUDGED
initialized on 25 January 2018. Blue and green lines indicate FREE and NUDGED ensemble means, respectively. The vertical

dashed lines indicate the onset date of the SSW.
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Fig. 5. 500 hPa geopotential height anomalies averaged from
16 February to 10 March in (a) ERAS, (b) FREE, (c¢)
NUDGED, and (d) NUDGED minus FREE for 25 January
initializations. The climatology calculated from ERAS5 data
is applied to ERAS and model experiments. Dotted values
indicate statistically significant values at the 95% confidence
level according to a Student’s t-test.
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