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Identification and Effect Verification of Convective Cloud Precipitation

in Rainstorm Processes Based on SWAN Mosaic Products

ZHANG Yong WU Shenggang ZHANG Yaping LIU Bojun LONG Meixi ZOU Qian

Chongqing Meteorological Observatory, Chongqing 401147

Abstract: Based on SWAN (Severe Weather Automatic Nowcast System) radar mosaic products, we
selected the composite reflectivity factor and its horizontal gradient, echo top height and vertically integrated
liquid water content as identification parameters, and conducted a classification test for convective cloud
and stratiform cloud precipitation in rainstorm processes using the fuzzy logic method. The results were
verified by 12 regional rainstorm processes that occurred in Chongqging. Taking the Advanced TOA and Di-
rection System lightning data as objective observation data of convective cloud precipitation, we tested the
related products quantitatively by four different radiuses of spatial matching and four different time ma-
tching methods, respectively. The verification results showed that with the increase of space matching
radius, the correct rate improves significantly. However, the correct rate of 6 min cloud-to-ground light-
ning flashes relative to 6 min mosaic products ahead of 6 min, 3 min, 0 min and lagging 3 min four time
matching methods, changes slightly. The overall score of the rainstorm is high and the test method has

clear physical meaning. The score results under different temporal and spatial matching patterns are consistent
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with the actual situation, which means the classification outcome of the convective and stratiform rainfall is

good. This is an exploration of convective cloud precipitation quantitative test as well.

Key words: SWAN (Severe Weather Automatic Nowcast System) mosaic products, rainstorm, precipitati-

on classification, cloud-to-ground lightning, verification
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Table 1 The sites and types of SWAN radar mosaic
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Table 2 Study periods and corresponding regions
of the selected 12 rainstorm processes

o BRWS R B/AEA A (K7 WFFE X 3k X

1 2015062908—070120 B 1 A

2 2015071408—071514 B2 C

3 2015072120—072220 2T 3 A

4 2015081614—081908 4 A e N SN —

Lo s ;ﬁ : N FUL SRS 13 A i 3 4 7
N CHEZRAE 43 AR R B 5 X8, 70 30 L AR AL 3 L 2R p

6 2016050614—050808 BT 6 C SR A B.C 57 Xﬁil‘}]ﬂi”’n{*ﬁ() '

7 2016053120—060220 B 7 B L AR RVRIE A B

8 9016061818—062014 R 8 c Fig. 1 Sketch map of the study area

9 2016062318—062508 %ﬂﬁ 9 B and 13 hghtmng Iocators

10 2016063002—070110 B 10 B (Dashed lines represent the study areas, A, B and

11 2016071319—071508 2 11 B C denote the western, northeastern, and southeastern,

12 2016071814—072008 BT 12 C respectively; X denotes lightning locator)
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Fig. 2 The rainstorm Case 1 classification results of stratiform cloud and
convective cloud precipitation at 03:00 BT 30 June 2015
(a) before 3 X3 median filter. (b) after 3 X3 median filter
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Fig. 3 Radar reflectivity factor and precipitation classification of rainstorm Case 1 at 03:00 BT 30 June 2015
(a) composite reflectivity factor, (b) classification results of stratiform cloud and convective cloud
precipitation superimposed with the cloud-to-ground flashes
(Dashed boxes represent the study area)
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Fig. 4 Identification parameters of rainstorm Case 1 at 03:00 BT 30 June 2015

(a) composite reflectivity factor, (b) horizontal gradient of composite reflectivity factor,

(¢) echo top, (d) vertically integrated liquid water content
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Table 3 Contingency table of convective cloud precipitation

identification and ADTD lightning detection
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HAROLE MR A AB.C.D #750)
Fig.5 Sketch map of spatial (a) and temporal (b)
matching for convective identification test
(In Fig. 5a, 4 represents the location of cloud-to-ground flash
and R indicates the spatial radius of cloud-to-ground flash
matching. In Fig. 5b, A represents the starting moment of
radar mosaic product, followed by a red straight line indicating
the time length of the mosaic product is 6 min, A indicates
the starting time of cloud-to-ground flash data relative to
the mosaic product time; the duration of the cloud-to-ground
flash data is the same as that of the radar mosaic product,
both are 6 min, and are marked by A, B, C, D in order)
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Fig. 6 Test results sequences of every 6 min when rainstorm Case 1 used
2 km radius as spatial matching and A mode as temporal matching
300 150
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Fig. 7 Test result sequences of every 6 min when rainstorm Case 1 used 2 km, 5 km, 10 km

and 20 km radius respectively as spatial matching and A mode as temporal matching
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Fig. 8 Correct rate sequences of every 6 min when rainstorm Case 1 used A, B, C

and D mode respectively as temporal matching and 5 km radius as spatial matching
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Table 4 Quantitative test results of convective precipitation classification of rainstorm Case 1

under different spatial matching radiuses for different temporal matching methods

(without processing/removal of 1 cloud-to-ground flash/removal of < 3 cloud-to-ground lightning flashes)

If ] DT iE I 7] D g 25 [ T Iie F M B 7K ki LA B , g
‘ e s AL KA o L%/ % P/ %
WZEN £ J& /min 42 /km 4 TR B/ TR WL/ R
2 2883/2879/2857 66.0/66.7/67.8
5 3232/3227/3197 74.0/74.8/75.9 )
A 6 _ _ 4369/4315/4212 ) ) 77.6/78.4/79.5
10 3573/3565/3529 81.8/82.6/83.8
20 3864/3852/3804 88.4/89.3/90.3
2 2879/2876/2861 66.2/67.1/68.1
) 3227/3221/3203 , 74.3/75.1/176.2
B 6 4346/4288/4201 77.9/78.7/79.8
10 3568/3556/3533 82.1/82.9/84.1
20 3861/3845/3818 88.8/89.7/90.9
2 2896/2891/2872 66.6/67.3/68.4
5 3238/3233/3207 74.5/75.3/76.4
C 6 4347/4294/4198 78.0/78.8/79.9
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2 2886/2880/2861 66.6/67.3/68.3
) 3237/3230/3209 74.7/75.5/76.6
D 6 _ 4336/4279/4190 _ 78.2/79.0/80. 1
10 3576/3564/3540 82.5/83.3/84.5
20 3858/3841/3811 89.0/89.8/91.0
xS BAR4,EBAFFAZTEACEFLEAREABHNETETHER
Table 5 Same as Table 4, but for results under different temporal matching methods
for different spatial matching radiuses
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A 2883/2879/2857 4369/4315/4212 66.0/66.7/67.8
B 2879/2876/2861 4346/4288/4201 66.2/67.1/68.1
2 6 ) 66.4/67.1/68.2
C 2896/2891/2872 4347/4294/4198 66.6/67.3/68.4
D 2886/2880/2861 4336/4279/4190 66.6/67.3/68.3
A 3232/3227/3197 4369/4315/4212 74.0/74.8/75.9
B 3227/3221/3203 4346/4288/4201 74.3/75.1/76.2
5 6 74.4/75.2/76.3
C 3238/3233/3207 4347/4294/4198 74.5/75.3/76. 4
D 3237/3230/3209 4336/4279/4190 74.7/75.5/76.6
3573/3565/3529 4369/4315/4212 81.8/82.6/83.8
B 3568/3556/3533 4346/4288/4201 82.1/82.9/84.1 )
10 6 82.2/83.0/84.1
C 3573/3565/3531 4347/4294/4198 82.2/83.0/84.1
D 3576/3564/3540 4336/4279/4190 82.5/83.3/84.5
A 3864/3852/3804 4369/4315/4212 88.4/89.3/90. 3
B 3861/3845/3818 4346/4288/4201 88.8/89.7/90.9
20 6 _ ) 88.8/89.6/90.7
C 3859/3848/3805 4347/4294/4198 88.8/89.6/90. 6
D 3858/3841/3811 4336/4279/4190 89.0/89.8/91.0
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20 kmZy I Ky 74.4% .82.2% F188.8% ., ML 1
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W 1o 12 YR TR O R 7E B[] U B2 7 =X AR T 9F 1A
P2 AR ET 6 min ] 3 min,0 min X J5 3 min B} ,4 fhzs
] DG FE 77 =X 1) - 34 1E 1 23 43 9 o 84. 590,84, 7%,
84. 6% 84.2% . 7F 2.5.10 F1 20 km (125 [a] - 1%
VERCHT, 4 B ) D8 i 75 5K 9 o7 249 1E 8 2 5 5k
75.1%.82.2% .87. 8% #1 92. 8%,

FW 1~12 RE R E EE 5 X ERE B = T A TRk s RERE

Table 6 Correct rates of convective precipitation in rainstorm cases 1—12

under different spatial matching radiuses for different temporal matching methods

IR} i) DE i 23 [i) L g

X L P i 7 X i

By 1) D fic . p RGN PR B/ I MR EY V- 3448/ Y6
R i) D P2 75 5K K /min % /km 0 4 D T B/ U TN BB/ TR SF-IME/ %
2 30018 75.5
5 32635 82.1
A 6 39756 84.5
10 34882 87.7
20 36864 92.7
2 30119 75.8
5 32758 82.4
B 6 39736 84.7
10 34888 87.8
20 36861 92.8
2 29868 75.2
5 32730 82.4
C 6 39697 84.6
10 34844 87.8
20 36867 92.9
2 29230 73.8
5 32507 82.0
D 6 39630 84.2
10 34854 87.9
20 36809 92.9
R7T BR6,EARBMZELCEFREARRERELETHER
Table 7 Same as Table 6, but the results under different temporal matching methods
for different spatial matching radiuses
=5 [i] P g i [ DG Pie o [ PG B Xof YL 1 A K R i N e ; )
= TP ‘ RALVEAKINE /s s/ % FH(H/ %
42/ km KB/ min J5 T3t DA R B/ IR
A 30018 39756 75.5
B 30119 39736 75.8
2 6 75.1
C 29868 39697 75.2
D 29230 39630 73.8
A 32635 39756 82.1
B 32758 39736 82.4
5 6 82.2
C 32730 39697 82.4
D 32507 39630 82.0
A 34882 39756 87.7
B 34888 39736 87.8
10 6 87.8
C 34844 39697 87.8
D 34854 39630 87.9
A 36864 39756 92.7
B 36861 39736 92.8
20 6 92.8
C 36867 39697 92.9
D 36809 39630 92.9
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