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Synopsis

The purpose of our research is to investigate the environmental conditions for the
occurrence and development of line-shaped convective systems associated with
stagnant Baiu front by comprehensively analyzing past events and considering spatio-
temporal scale. As a result, type-A, which is large scale, long duration, and occurs near
convergence of Baiu front, occurs due to large convergence of the front, so the
environmental condition of type-A is not necessarily idealized. In contrast, type-B,
which is small scale, short duration, and occurs far from Baiu front, occurs at more
limited and idealized environment than type-A. This strict condition contributes to
occurrence and self-organized development of the first convective cloud. We also show
that requirements for the first cloud are convective instable, large CAPE and vertically
big change of direction of wind. Moreover, our results bring that the constant ratio of
buoyancy to turbulence is important for occurrence and development.
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Fig.1 Spatial distribution of 3-hour rainfall
obtained from Rader-AMeDAS: (a)
example of type-A, heavy rainfall in July
2020, (b) example of type-B, heavy
rainfall in northern Kyushu in July 2017.
Pink line shows Baiu front, and black
solid arrows show ground surface water
vapor flux based on MSM.
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Table 1 Spatial resolution and output time
interval in Radar-AMeDAS

Data Spatial Output
Period resolution | time interval
1988.4-2001.3 Skm 1hour
2001.4-2003.5 2.5km 1hour
2003.6-2005.12 2.5km 30minutes
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Fig.2 Extraction image at hourly intervals for
previous 3-hour rainfall based on Radar-
AMeDAS in heavy rainfall in Kameoka,
Kyoto, in 2012.
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Fig.3 Image of line-shaped convective system
extraction and  quantification by
elliptical approximation.
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Table 2 Criteria for rain area and ellipse
extraction in ellipse approximation

Rainfall thresholds

+ Grid > 80mm/3h
- Maximum > 100mm/3h

Ellipse criteria

- 200km? < rain area < 12,500km?
+ Major axis > 35km

- Axial ratio (I/s) > 2.5
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Fig.4 In heavy rainfall in Kameoka, Kyoto, in
2012, (a) weather map at 9:00 a.m., (b) spatial
distribution of 3-hour rainfall obtained
from Rader-AMeDAS, ground surface
water vapor flux based on MSM (black
arrows) and estimated front position (c)
spatial distribution of equivalent potential
temperature at 850hPa and contours per
4K (black lines) based on MSM.
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Table 3 Classification of CAPE and BRN,
respectively
Five-level classification of CAPE

Category-1 Less than 750 J/kg
Category-2 750-1,250 J/kg
Category-3 1,250-1,750 J/kg
Category-4 1,750-2,250 J/kg
Category-5 More than 2,250]/kg
Three-level classification of BRN

O Almost equal to 32

A Around 32 and not classify “X”

X Not equal to 32 clearly
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Fig.5 Spatial distribution of CAPE obatained
from MSM in heavy rainfall in
Hiroshima in August 2014. Left figure is
drawn it with 3-hour rainfall based on
Rader-AMeDAS. Green square shows
estimated occurrence position of heavy

rainfall.
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Fig.6 Map of Japan plotted occurrence location
detected by ellipse approximation. Red
represents type-A and blue represents
type-B, respectively.
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Fig.7 Relationship between duration and
accumulated rainfall. x-axis shows
duration time and y-axis shows
accumulated rainfall. Green represents
type-A and blue represents type-B,
respectively.
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Fig.8  Spatial distribution of average

convergence of ground surface wind
obtained from MSM (a) in type-A and
(b) in type-B. arrows represent
direction of wind and contours
represent average 3-hour rainfall area
based on Radar-AMeDAS.
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Fig.10 Spatial distribution of average CAPE
obtained from MSM, and average 3-
hour rainfall area based on Radar-
AMeDAS. (a) in type-A and (b) in
type-B at occurrence time. Black solid
arrows show average ground surface
water vapor flux by MSM.
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Fig.11 Spatial distribution of average BRN
obtained from MSM, and average 3-
hour rainfall area based on Radar-
AMeDAS. (a) in type-A and (b) in
type-B at occurrence time. Black solid
arrows show average ground surface
water vapor flux by MSM.
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