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Ensemble Forecast Experiments of a Meso-scale Cyclone in the Baiu Frontal Zone
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Synopsis

Ensemble forecast experiments were conducted to investigate the mechanisms and
predictability of a meso-scale cyclone observed by vessels in the East China Sea during the
field campaign for the Baiu frontal zone and Kuroshio in late June to early July 2022. The
forecast from 1200 UTC, 18 June predicts a meso-scale cyclone with heavy precipitation
similar to the one observed by the three vessels on 19th. Some ensemble members
reproduce the precipitation more realistically. Stronger cooling in the boundary layer of the
improved forecast reduces the underestimation of sea-surface flux. However, the convective
available potential energy is not intensified due to the significantly lower sea-surface
temperature prescribed in the model than the reports from the vessels. The sea-surface flux
estimated from ship reports varies with the potential temperature difference and wind speed
associated with the meso-scale disturbances to compensate the boundary-layer potential

temperature consumed by convection.
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Figure 1 Planned observation locations of the three
vessels: Nagaksakimaru, Kagoshimamaru and
Seisuimaru on 19 June 2022. The number before
and after the letter ‘J” indicate date and hour in JST,
respectively.
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Figure 3 Doubly nested domains of the National
Centers for Environmental Prediction Mesoscale
Spectral Model (NCEP MSM). a) Domain 1 (D1, 27
km) and Domain 2 (D2, 9km). b) D2 and Domain 3
(D3, 3km). D1 is interpolated from 0.5° NCEP
Global Forecast System (GFS). D2 and D use the
non-hydrostatic dynamical core.
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Figure 2 Japan Meteorological Agency meso-scale analysis at 0300 UTC and forecasts for 0100,
0200, 0400 UTC, 19 June of the a) potential temperature K (shades, 350K in gray) and winds
ms™! (arrows) at 1.5-m and b) sea-level pressure hPa (contours) and 1-h accumulated precipitation
mm h~! (shades). A box indicates the observation area (Fig. 1).
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Figure 4 As in Flg 2b but for a) Japan Meteorologlcal Agency (JMA) analy51s
and radar observation, b) JIMA, NCEP MSM D3 c) control and d) member 40 04 5 20
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forecasts for 0300 UTC, 19 June from 1200 UTC, 18 June.
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Figure 5 Saturated potential temperature 6., K at the sea-surface (a, d), boundary-layer potential temperature
0., K (b, e) and the difference Af, = 6., — 0, K (c, ) at 0300 UTC, 19 June for the control (a, b, ¢) and
member 40 forecasts (d, e, f). Ship observations from Nagasakimaru and Seisuimaru, missing Kagoshimamaru,
are marked by circles. Forecast and observed 6., are calculated from the forecast 2-m temperature and
temperature observed at the deck, respectively. White contours represent sea-level pressure hPa.
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Figure 6 As in Fig. 5 but for precipitable water kg m~2 (a, d), convective available potential energy
J kg_1 (b, e) and boundary-layer wind speed ms—! (c, f) at 0200 UTC, 19. Ship observations are
available from Nagasakimaru, Kagoshimamaru and Seisuimaru. Forecast and observed boundary-layer
wind speeds are calculated from the forecast 10-m winds and wind observed at the deck, respectively.
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Figure 7 Skew-T diagrams for observations from a) Nagasakimaru, b) Kagoshimamaru and c) Seisuimaru at
0200 UTC, 19 June. Red and blue curves represent temperature and dew-point temperature (°C), respectively.
Red and blue shades represent convective available potential energy (CAPE) and convective inhibition (CIN),
respectively. Horizontal and slant grey solid lines indicate isobaric and isothermal lines. The 0°C temperature
is superimposed by a dashed turquoise line. Red and blue dashed curves represent dry and moist adiabats. Slant
dashed green lines are constants of mixing ratio. The lifting condensation level and temperature is marked by a
black dot. The surface pressure and sea-surface temperature is marked by a blue dot. Winds are plotted along
the left edge with barbs in knots. Wind barbs pointing right are westerlies.
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Figure 8 Time evolution of the a) saturated potential temperature 6., K at the sea-surface
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temperature (solid) and boundary-layer potential temperature 6., K (dashed), b) difference
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potential temperature tendency due to sea-surface surface flux K h™! estimated from
observations from Nagasakimaru (blue), Kagoshimamaru (red) and Seisuimaru (green).
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