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Synopsis

A series of reforecast experiments using the ensemble prediction system of the
Meteorological Research Institute is conducted to reveal the predictability and
downward influence of a reflection event of stratospheric planetary waves in February
2014, which recorded the highest level of the downward propagation of the wave
activity. The reflection is predictable from at least 7 days in advance. It is found that the
skill of forecasts with a prediction period around the predictability limit crucially
depends on whether planetary waves are reflected or absorbed in the stratosphere.
Composite analyses also reveal that the persistence of the tropospheric wave source in
the eastern hemisphere is a key in determining the propagating property of stratospheric
planetary waves. When the reflection occurs in association with a weak persistence of
the wave source, the subsequent downward propagating wave from the stratosphere
enforces anomalous tropospheric circulation in the western hemisphere.
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Fig. 1 Time-height cross section of (a) the North Pole
temperature (contour, interval: 10 K) and its change
rate (color, unit: K day™'), (b) zonal-mean zonal wind
averaged over latitudes from 50°N to 70°N (contour,
interval: 5 m s!) and the vertical component of E-P
flux averaged northward of 60°N (color, unit: 10° kg
s). The shading shows the region of easterly winds.
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Fig. 2 A Schematic diagram of the experimental setup.
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Each blue arrow indicates 25-member ensemble
predictions. Black dotted arrows indicate the JMA
operational forecasts.
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Fig. 3 Predicted 5-hPa zonal-mean zonal wind averaged over latitudes from 50°N to 70°N. Predictions are initialized
every day during a period from 22 January to 5 February 2014. (a) Ensemble-mean value. Contour interval is 4 m s
(b) Ensemble mean (contour, same as in Fig. 3a) and spread (color). Colors in the lower part of each panel indicate the
analysis. Predicted values are plotted during a lead time of 0-22 days.
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during a period from 24 January to 23 February 2014
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by orange (blue).
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Fig. 5 (a-d) The isoline of 36 Lait’s PV at 850 K isentropic surface. Blue (orange) lines are forecast members
classified into the ABS (REF) group. (e-l) Latitude-height cross section of zonal-mean zonal wind (contour interval
is 10 m s™), E-P flux vector (arrows, unit: Pa®> kg s, scaled by the inverse of the square root of the pressure) and
its divergence (color, unit: m s™ day™') for the composites of ABS and REF groups (middle and bottom panels). The
shading shows the region of easterly winds. Each column from left to right shows 3-day mean fields for 30 Jan.-1

Feb., 2-4 Feb., 5-7 Feb., 8-10 Feb., respectively.
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(a-j), except for the difference (ABS - REF) of the geopotential height. The region whose difference is insignificant
at 99% confidence (estimated by Welch’s t-test) is shaded. The difference of the Plumb flux is plotted when it’s
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3,5, 7 and 9 Feb., respectively.
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Fig. Al Time evolution of the vertical component of E-P
flux averaged northward of 60°N at 100 hPa during a
period from 1 December to 31 March. Low-pass filtered
(15-day-running mean) data are plotted from 1958 to
2014 by gray lines. Red and black line denote 2013-2014
winter and 1994-1995 winter, respectively.
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