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Multifractal Properties in Occurrence and Development of Linear Mesoscale Convective Systems:

Characterized by Water Vapor Flux and Precipitation Particles Distribution

REFPZ - A aLEk - b —
Akiyuki ONO, Kosei YAMAGUCHI, and Eiichi NAKAKITA

Synopsis

Multifractal has been widely applied as the tool of quantitative pattern analysis. We
investigated multifractal properties of water vapor flux and precipitation particles distribution
associated with line-shaped rain bands to identify the three-dimensional patterns of self-
organization of convection systems. We analyzed water vapor flux obtained by the numerical
simulation of the heavy rainfall event over Kameoka City on 15 July 2012. Before heavy
rainfall occurred, water vapor flux approached to monofractal corresponding to increasing the
convective instability at lower atmosphere. While during heavy rainfall, strong multifractality
was shown due to the development of convection systems. Multifractal analysis was also
conducted to characterize the multifractality of the mixing ratio distributions of ice-phase
precipitation particles obtained by volume scans of X-band MP radars. The time period when
the line-shaped rain band area began to expand and the regional averaged rainrate increased
coincided with the one when the multifractality of the graupel and snowflake mixing ratio

changed significantly.
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Fig. 1 Schematic images of multifractal analysis. The spatial homogeneity of the analyzed distribution is quantita-

tively evaluated by the partition function Z, and the generalized dimension Dy, .
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Fig. 2 (a) The computation region for heavy rainfall
event at Kameoka City, Kyoto prefecture on 15 July
2012. (b) Horizontal distribution of QVF (color) at
250 m height on 0100JST, 15 July 2012. Orange and
Red boxes indicates the analysis region for the multi-
fractality of QV'F.
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Fig. 3 (a) The positions of X-band MP radars man-
aged by Ministry of Land, Infrastructure, Transport and
Tourism (MLIT) located in Kinki region (black trian-
gles), and its maximum observation range (red circles).
(b) Accumulated rainfall amount obtained by XRAIN
observation during 00JST to 06JST, 15 July 2012.
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Fig. 4 (a) Temporal change of generalized dimension D; for QVF. Black dot line indicates the time when the

rainfall intensity over 50 mm h~! was confirmed on the ground. (b) The rainfall intensity distribution at 0100JST

in the CReSS simulation, and (c) the three-dimensional image of QV F' at the same time.

Red and orange boxes

indicate each analysis region, and the point of view and direction are shown as white circle and black vectors in

(b), respectively. (d), and (e) are also the same but at 0230JST. QVF in (c) and (e) is illustrated with stretching four

times of the actual aspect ratio in the vertical direction.
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Fig. 5 (a) QVF (color and contours) in the north-south-
vertical section along longitude 135.4° at 150020JST.
Vectors indicate the north-south-vertical component of
the QVF. (b) indicates same as (a) but in Mt. Rokko
region at 150100JST. (c) Vertical profiles of the aver-
age equivalent potential temperature 6,(solid line) and
saturated equivalent potential temperature 8 (dashed

line) in Mt. Rokko region.
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Fig. 6 The accumulated rainfall during 00 to 06 JST
15 July, 2012 in the numerical simulation. Green box
indicates the analysis region of multifractal analysis of

rainwater mixing ratio [kgkg™'].
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Fig. 7 (a) The temporal change of generalized dimen-
sion D7 which indicates the multifractality of the rain-
fall intensity [mm h~'] obtained by XRAIN volume
scans, and (b) rainwater mixing ratio [kgkg~'] based on
the CReSS simulation, respectively (black dots). Red
shaded zones in both figures indicate the period the
when the maximum rainfall intensity on the ground

more than 50 mm h~! were recorded.
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of the variance of generalized dimension o> of snow
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tion. (b)~(d) indicate the same but for graupel mixing
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three-dimensional rainfall intensity [mm h~!], respec-

tively.
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