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Fig. 1 Time variation of NAM index from 15 Dec 2003
through 15 Mar 2004 (a) and from 15 Dec 2004 through
15 15 Mar 2005 (b). The dashed contour denotes
negative val ues.
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Fig. 2 Forecast rms error of ensemble-mean prediction
for 7-day averaged NAM index for 2003/2004 winter (&)
and 2004/2005 winter (b). The x-axis is the lead time in
days, and the y-axis is the pressure level (hPa) The error
is normalized by the standard deviation of the NAM
index at each level. The values less than 0.5 (1.0) are
shaded by heavy (light) red color.
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Fig. 3 Asin Fig.2, but for the spread among 13 ensemble
members for 7-day averaged NAM index for 2003/2004
winter (a) and 2004/2005 winter (b).
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Fig. 4 Time evolution of rms forecast error of
ensemble-mean prediction for 7-day averaged NAM
index at 1000 hPa (a), 500 hPa (b) and 250 hPa (c) for
the prediction classified according to the initial 50-hPa
NAM index at the initial time of forecast against the lead
time. Blue lines are for the case that the NAM index is
above 1.0, while red lines are for the NAM index below
-1.0. The rms error of the other forecasts is shown by
black lines. The intervals of the 95% statistical
confidence of the average rms error for the negative
NAM case (red) estimated by a random sampling method
are shown by red bars.
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Fig. 5 Time evolution of the difference in the rms
forecast error of ensemble-mean prediction for 7-day
averaged NAM index between the positive and the
negative NAM case classified by the initial 50-hPa NAM
index for each pressure level (hPa). The positive values
indicate the error for the negative NAM case is smaller
than that for the positive NAM case. The heavy (light)
shades indicates regions where statistical significance
exceeds 95(90)%.
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Fig. 6 As in Fig, 4, but for the classification of the
forecast according to the initial 1000-hPa NAM index.
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Fig. 7 As in Fig. 5, but for the classification for the
forecast according to the initial 1000-hPa NAM index.

O00OFg. 5000000000000 NAMODO
00000 positive case 0 negative case 0 0 00O
ooooooooooooOoOoOoOoOoOoOooOd
negativecase0 0 0 0000000000 (OO)
0000000000 959 %» oooooood
ooooOooo00ooUoooUoooooouooD 40
000000000 negativecase 00O 0OOOOO
o0oooOooUooooUoooooUoooooodg
00000000 80000ODODOOAOnegative case
o0o0oo0ooUooooDUoDoOooUooUooUooOg
OO00200000000 negativecase D0 OOOO0
000000000 0oDoooooooooooog
O00o0oO0o0 NAM OOODOOUOoooooood
00000o0o0ooooooooooooooDg
O NAM OO0OO0OO0ODOODOOUODOoOooooog
oood

O0O0OFg. 6000000000000 1000 hPa
NAM OO0O0OO0OO000OO0O0OO0O0OOOoOoooog
Fig. 40 O O O Opositive  (negative) case 0 1000 hPa
NAM OOO +1 00 ((100)00COO0O 130
000 27(34) 0000000000000 0ooog
el 0d00U00O0muooooooooouooo
3000 N000000000000O00 8000
0000 (Fig. 6c)0 negative case D 0O OO 0O
positivecase 0 000000 OOOOOOCOOMM
001500 0000000000000000 NAM
O0O000O00O00OD0OOnegative case DO OO0
000000000000 0D00000 NAM OO
00000 positive case 0 negative case 0 0 0O O
00 Fg. 700000000C0OO0O0O0OOOOO
O00000000Fg 7000000000000
00000 case OO NAMODOOOOOOOO
000 120000000000000000000
oooooooOoooosooOooUoooooodg
000000000000 0000 NAM OOOO
00o0o0oo0o0ooUooooooooooo

o0ooooOooooooOo NAM OOO0OOO0OOo
00000000000 10000000 NAMOO
oooo0ooUoooUoooOoooooooooog

3.3000 NAM OOO0OOODDOODODOODO
opoood
goobobooONAMODODOOOOOODODONAMO
ggoooooooooboobbbbobooboooo
gooboboooooooNAMOOOOooooDOoOo
ggooooooooobooboobbbbooboooo
goooooooooobooobobobbobooooog
goooooooooobooobbbbbobobooo
goobobboooobobobbooooon

— 359 —



1 (A) 10- day forecast

10 p,

60

100

Pressure (hPa)

250 [

500
700 _ _

1000 = -

20N 40N 60N BON

Latitude

1 (B) 7-day forecast’

w

-
=

o
o

100

Pressure (hPa)

260

500
700

1000 o
20N 40N 80N 80N

Latitude

, (C) 4-day forecast.

Pressure (hPa)

20N 40N 80N BON
Latitude

Fig. 8 Correlation coefficient between the magnitude of
the forecast error of the ensemble-mean prediction of
7-day averaged 500-hPa NAM index and the zonal-mean
zonal wind anomaly at the initial time of forecasts. (a)
for the correlation with the 10-day forecast error, (b) for
7-day forecast, and (c) for 4-day forecast.
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Fig. 9 Regressed anomaly of the zonal-mean zonal wind
and WN 1 E-P flux (kg/s®) at the initial time of forecast
upon the magnitude of the ensemble-mean prediction
error of 7-day averaged 500-hPa NAM index for 10-day
forecast (a), 7-day forecast (b), and 4-day forecast (c).
E-P flux is scaled by the reciprocal square root of the
pressure.
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Fig. 10 Horizontal distribution of the ensemble-mean
forecast rms error of the predicted Z250 for the forecast
classfied as the positive NAM case based on 50-hPa
NAM index at the initial time of the forecasts. The heavy
(light) shades indicates regions where the error is large at
95(90)% statistical significance compared with the
negative NAM case.
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Influence of Stratospheric Circulation on
the Predictability of the Tropospheric Northern Annular Mode

Hitoshi MUKOUGAWA, Y uhji KURODA* and Toshihiko HIROOKA**

* Meteorological Research Institute
** Department of Earth and Planetary Sciences, Kyushu University

Synopsis
Influence of stratospheric circulation on the predictability of the tropospheric boreal winter circulation
is examined by using 5-year archive of 1-month ensemble forecast dataset provided by the Japan
Meteorological Agency (JMA) in the framework of the Northern Hemisphere Annular Mode (NAM). It is
found that the prediction skill of the tropospheric NAM index, corresponding to the zonally symmetric
component of the extratropical atmospheric circulation, is significantly improved for 3- to 11-day forecast
when the negative NAM index associated with weaker polar vortex is observed in the stratosphere.

Keywords: predictability, northern hemisphere annular mode, ensemble forecast
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