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Synopsis

This study aimed to identify branching points leading to the occurrence or non-

occurrence of line-shaped convective systems by comparing the time series of
environmental indices. The targets were a reproduction experiment of the 2012 Kameoka
heavy rainfall event and 40 ensemble forecasts with initial perturbations generated by the
BGM method, using the cloud-resolving model CReSS. Analysis revealed branching in
CAPE, water vapor flux, and vertical shear between 700-925 hPa, with CAPE showing
the strongest correspondence with accumulated precipitation. Classification using the
three indices further suggested that water vapor flux and vertical shear may also contribute
to the branching between occurrence and non-occurrence.
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Table 1 Replication experiment settings
(Reprinted from Ono et al. (2024))

Map Lambert conformal conic

projection Standard parallels: 30°N, 60°N;
Central meridian: 135°E
Grid 500X500X250
resolution[m]
Number of 600 X600 X61
grid points
(X, v, 2)
Minimum 150m
vertical
resolution
Topography / SRTMGLI1 (Ax
Sea surface “30m) /MGDSST (Ax=0. 25° )
temperature
Initial / JMA MSM analysis, 3h
Lateral
boundary
conditions

Initial time / July 14, 21JST/%h

Forecast
period
Cloud Bulk microphysics scheme
microphysics including ice phase (predicts
mixing ratio and number
concentration)
Sub-Grid 1.5-order TKE closure
scale
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Fig. 1 Calculation area.
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Fig. 2 Precipitation intensity near Kameoka
during the control run (A: 15,000 seconds later,
B: 16,500 seconds later, C: 18,000 seconds later,
D: 19,500 seconds later).
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Fig. 3 Vertical cross-section of wind speed, A:
18,300 seconds after, B: 18,600 seconds after, C:
18,900 seconds after, D: 19,200 seconds after
(Blue contour lines indicate the mixing ratio of
total precipitation particles, and black tail feathers
indicate the direction and speed of horizontal
winds)
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Fig. 4 The area shown in the vertical cross
section in Figure 3 (showing precipitation
intensity, wind direction, and wind speed).
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Fig. 5 Precipitation intensity near Kameoka at
number 13 (A: 15,000 seconds later, B: 16,500
seconds later, C: 18,000 seconds later, D:
19,500 seconds later).
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Fig. 6 Area where the average environmental
field index is calculated.
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Fig. 7 Time series changes in the 41 members
of CAPE (the red line indicates the start time
of the bifurcation)

(The time when the linear convection system
of the control run occurred was between
15.000 and 32.400 seconds).
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Fig. 8 Time series changes in CAPE
silhouette scores (red lines indicate the

start time of bifurcation).
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Fig. 9 Area where the average cumulative
rainfall was calculated (red frame).
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Fig. 10 Spatial distribution of hourly

accumulated rainfall 18,000 seconds after the
start of calculation for the top five members
with the highest
excluding the control run.
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Fig. 11 Silhouette scores for each CAPE
cluster.
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Fig. 12 Figure showing CAPE time series
changes clustered at k=6.

Boxplot of accumlated rainfall Grouped

°

accumlated rainfall(mm)
N
S

1 2 3
Group Number

L T
T 4]

Fig. 13 Box plot of cumulative rainfall for
each CAPE cluster.
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Fig.14 Diagram showing the branching of
eight groups based on vertical shear, CAPE,
and water vapor flux.

(Red arrows indicate upward branching, while
blue arrows indicate downward branching.)
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