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Stages of Precipitation Cells
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Purdom (1995) modified

Developing Stage : occupied by only updraft region

Mature Stage . occupied by both updraft and downdraft regions
Decaying Stage : occupied by only downdraft region

@ Motivation

It is useful to detect the stages of precipitation cells automatically

using dual-Doppler analyses:
for understanding the structure of precipitation systems,

for predicting a sudden heavy rainfall event.



Stages of Precipitation Cells
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Purdom (1995) modified
Developing Stage : occupied by only updraft region
Mature Stage . occupied by both updraft and downdraft regions
Decaying Stage : occupied by only downdraft region

Purpose of this study is
to develop a three-dimensional detection algorithm
for precipitation cells using reflectivity and wind field data
calculated from dual-Doppler analyses.




Doppler Radar Data
Circles (red, blue):

Tarama ls. Observation Ranges of NU radars
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- We have conducted a dual-Doppler observation around Miyako
Island during the Baiu period in 2006.

- Radars were situated at Tarama and Shimoji Islands.

- We examined dual-Doppler analyses shown in Gao (1999) and
calculated three-dimensional wind fields.




Doppler Radar Data

Circles (red, blue):
Tarama ls. Observation Ranges of NU radars

Miyako Is. (Radius: 64 km)
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"he three-dimensional detection algorithm for precipitation cells (1/4)

Reflectivity data in 3-dimensional
Cartesian coordinate

v

Remove stratiform regions using
the BBF method; Pick up
convective regions (over 30 dBZe)

'

The central parts of cells
are recognized in each layer:
negative regions of 2nd derivative
for reflectivity

v

connecting the central parts

of cells vertically 5
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"he three-dimensional detection algorithm for precipitation cells (2/4)

Reflectivity data in 3-dimensional
Cartesian coordinate

v

Remove stratiform regions using
the BBF method; Pick up
convective regions (over 30 dBZe)

'

The central parts of cells
are recognized in each layer:
negative regions of 2nd derivative
for reflectivity

v

connecting the central parts
of cells vertically

v

three-dimensional region
of each cell is fixed
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The second derivatives are calculated
along four directions

(E-W, N-S, NE-SW, and NW-SE).

I

All values are negative

- — The central parts of cells. -
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Detecting Central Parts of Precipitation Cells

800Soample of a reflectivity distribution
We calculate the second derivative |
for 3-dimensional reflectivity

along four directions at each level.
(W-E, S-N, SW-NE, NW-SE)
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— We recognize these regions as
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"he three-dimensional detection algorithm for precipitation cells (2/4)

Reflectivity data in 3-dimensional
Cartesian coordinate

v

Remove stratiform regions using
the BBF method; Pick up
convective regions (over 30 dBZe)

'

The central parts of cells
are recognized in each layer:
negative regions of 2nd derivative
for reflectivity

v

connecting the central parts
of cells vertically

v

three-dimensional region
of each cell is fixed
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The second derivatives are calculated
along four directions

(E-W, N-S, NE-SW, and NW-SE).
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All values are negative

- — The central parts of cells. -
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"he three-dimensional detection algorithm for precipitation cells (3/4)

Reflectivity data in 3-dimensional Using the Connected Component Labeling
Cartesian coordinate (CCL: A method of image processing)

‘ 5

Remove stratiform regions using 0
the BBF method; Pick up 5
convective regions (over 30 dBZe)
‘ -10 |

The central parts of cells
are recognized in each layer:
negative regions of 2nd derivative
for reflectivity

'

connecting the central parts

of cells vertically 5
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three-dimensional region DISTANCE EAST OF TARAMA [km]

of each cell is fixed 7 s
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An Outline of the Connected Component Labeling
(Suematsu, 2000, in Japanese)

First scanning

This method is used in the image processing
engineering.

First scanning

Conducting three-dimensional scanning,
Search labeled grids and numbering (gray grids)

Ist neighboring labeled grids?
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"he three-dimensional detection algorithm for precipitation cells (3/4)

Reflectivity data in 3-dimensional Using the Connected Component Labeling
Cartesian coordinate (CCL: A method of image processing)

‘ 5

Remove stratiform regions using 0
the BBF method; Pick up 5
convective regions (over 30 dBZe)
‘ -10 |

The central parts of cells
are recognized in each layer:
negative regions of 2nd derivative
for reflectivity

'

connecting the central parts

of cells vertically 5
‘ 5 10 15 20 25 30 35 40 45

three-dimensional region DISTANCE EAST OF TARAMA [km]

of each cell is fixed 7 s
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"he three-dimensional detection algorithm for precipitation cells (4/4)

Reflectivity data in 3-dimensional
Cartesian coordinate

v

Remove stratiform regions using
the BBF method; Pick up
convective regions (over 30 dBZe)

'

The central parts of cells
are recognized in each layer:
negative regions of 2nd derivative
for reflectivity

v

connecting the central parts
of cells vertically

v

three-dimensional region
of each cell is fixed
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Sample of Detecting Precipitation Cells

Vertical cross-section along 1-2. Reflectivity at a height of 2 km

10
9 by Tarama radar at 0700 LST on June 09, 2006
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Detecting updraft and downdraft cells

= Also, the second derivative for 3-dimensional wind velocity
calculated from dual-Doppler analyses (Gao et al. 1999) can
be calculated on each level.
* Negative regions: the central part of updraft regions.
* Positive regions: the central part of downdraft regions.

— The updraft and downdraft cells are defined by spaces
surrounded by a curved surface
(larger than 0.5 m/s of absolute wind speed)



Sample of Detecting Updraft and Downdraft Cells
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Definition of the Stages of Precipitation Cells

Updraft cell Definition of the stages of cells

(w=0.5m/s)
Developing stage

Mature stage

Precipitation cell
(Ref = 30 dBZe)

Decaying stage

. Downdraft cell
(w=-05m/s)




Time Series of Vertical Cross Section of a Chased Precipitation Cell

0618 JST 0624 JST on Julne 9, 2006
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Trace of a Precipitation Cell to detect its Stages

Cell-Stage Detection

Cell Volume Miyako-Tarama Observation / June 09, 2006
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Definition of Connecting Precipitation and Updraft/Downdraft Cells

Updraft cell Connecting Precipitation and Updraft Cells
(w=05m/s) | f
Volume of A
> 0.07
Volume of P.C.
or
Volume of A
> 0.18
Volume of U.C.
Precipitation cell
(Ref = 30 dBZe)
> 0.07
Volume of P.C.
or
. Downdraft cell > 0.18
(w =< -0.5m/s) Volume of D.C.




Application of the Detecting Algorithm for Precipitation Cells

@ Number of cells of their stages
* The observation data are 55 volume scanning data
from 0036 to 0918 LST on June 9, 2006.

Stages Numbers of cells
Developing stage 183
Mature stage 154

Decaying stage 124




Vertical Profiles of Averaged Area of Precipitation Cells
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Integrated Probability Density of Area of Precipitation Cells

1.0
0.9
0.8
o 0.6
© 0.5 g
0.4 ;
03 ) E|| E : : : : : : !

i /w1 v developing stage
O'ZL:_NULQ]Mfft[ﬂfff mature stage il
0.1~ m 1 i decaying stage C
o oLl iy, 80 ftage,  — -

0 10 20 30 40 50 60 70 80
Reflectivity Cell Area at 2 km [kmz]



Ratio

O O O O O O O O o o -

o

.0

— N LW B 1 OO N o0 ©

Integrated Probability Density of Echo-top Height of Cells

T T T T | | UL | —— e ——

TR I I L T Lmowa . —— L
: : P 11 ,

SUEE EUNE PSS T W e e TN [N B By AN B 2N 4 SUPRNR CPCIE PENUR PIE] PSS, T TP =
: PP i1 '
': I |

[NV SURSR SRR . S W S S B B SRR 4 A A S L R A S —
E i E

=t S e S T S T TR ll .l. ......................... e EeE S arnasnas Yrasedamr slsns )
: Ly /) . h

I R A T AW 4 4 B A e =]

SR - — g s e U SO S TN, T . "
: I Ji : :

s b """""""""""" | LD """"""""" AT Sl RS s prinsind aees mn =

N T IR T T T . nyyy . vV . S T T T . -

SR . SR e e, PR 7 [ RN [ N s -
f f 1 - : :

i e A S e A & (T B il IS CTroRemeebees T R .
- : 1 : | | ]
; o : : ;
R R 208 13 7 ZREEEN IR CEEEE SRR SRS A S S e e e -
» : : 4 4F : : —
SR A A Y / 4B A WA S S T S S s R
{ : N - : ' P ' ' : ;

; /un . adeveloping stage
miai R Sl Set SRl T 47 A ey Y 4b ' —
| ¢ 1 oo e mature stage
IR // A i 11 pdecaying stage emmmmmm_
: P 51
i | i i | " (Y i | i | i | i | i | i

Echo Top Height [km]



Summary

- We develop a three-dimensional detection algorithm
for “precipitation cells” using reflectivity data.
- The algorithm can also detect “updraft cells” and

“downdraft cells” to apply three-d
calculated from dual-Doppler ana

— Matching up the precipitation ce

Imensional wind field data
yses.
Is with updraft and

downdraft cells marks the developing, mature, and decaying

stages In their life-cycle.

- We can present statistical features of each stage of precipitation
cells observed around the Baiu front in 2006.

* Averaged area
* Echo-top height

= The information of stages of precipitation cells should be useful
for understanding the structure of precipitation systems.
- We are also developing the tracing algorithm for cells.
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Numbers of Detecting Precipitation Cells

Observation
Area

Number of Cells

Shouxian
(mainland China:
continental,
1998)

23,915

Zhouzhuang

(coastal area,
2001)

7,573

Tarama

(Okinawa,
oceanic, 2006)

1,508
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Integrated Probability Density of Echo-top Height in Each Area
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* Echo-top height of precipitation cells is quite low:

Height less than 6 km occupies 80%.




Vertical Profiles of Averaged Cell Area in Each Area
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= Averaged cell area is less than 30 km2 (Zhouzhuang),
20km2 (Shouxian).
= Averaged cell area at Shouxian increase with height.
* That at Tarama decrease with height.
— Reflectivity profile is also same.
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Cell Volume (km”3)

Cell Volume (km”3)

Ratio

Cell-Stage Detection
Cell Volume

Miyako-Tarama Observation / June 09, 2006
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Integrated Probability Density of Volume of Precipitation Cells
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