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Fig. 1 The distribution of SAFIR3000 total

lightning location system and radar station
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Fig. 2 The relationship between total lightning
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Table 1 Statistics of rain yields per flash based on the classification of Ec.p
Ecap I /ME RKRME HART-{H BERE S/ (10° kg « 1171
/(] kg b /(10° kg« f171) /(10" kg« {I71) /(107 kg« {I"1) 5% 95% 25% 5%
Ecap<C1000 1. 84 6. 81 1. 98 2.37 59.90 7.41 25.50
1000=<<Ecap<<1600 6. 80 11. 50 2.02 3.08 66. 00 5.74 23.10
Ecap=1600 5.00 5. 37 1. 50 3.13 37. 60 7.08 19. 70

XEAIE Ecae 73 216 0T 19 IR HL RS 7K 5% AR
PRI & M (5% 2). thak 2 W LU 2, % b

Ecap=1600 ] « kg 0]
MIZNE SR R e o R

S DA A o YA e K

x2 AEExwDETERIRMITREKENEEBEXR

Table 2 Linear fitting between total lightning frequency and convective precipitation based on the classification of Ec,p

Ecap/(J + kg™ 1) AH 2 R EL F i 50 Fo.o05 2T A 5 [l )5 5 i
Ecap<<1000 0. 464 42.258 3.89 P R=1(3.649X10%) 4+ (3.413 X109 F
1000=<<Ecap<C1600 0.505 41.371 3.92 & R=1(2.683X10%)+ (4. 448 X10)F
Ecap=1600 0. 837 154.929 4. 00 I R=(1.620X10%) 4+ (5.478 X105)F
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TS I8 T 4R THE KO 20 A R I 73 JEREAS 1Y
o, AL R IX B 08 1 <<0 K, 0 K<< [ <<
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A KX R 14 e DA X I K 9 R e T RO T <
0 K. I =4 K X W A9 &k DA X 7 e 7K 3 BBl A 78



%1 ER A ENE S NS W E R A RTINS I S 37

MAP-EEF S 1 <20 KON R G D XS I K S B0 BRIy T CREWR 35 B0 1 AN 28D X I 1 /I 9
R HYOR 0 K<L <4 KL i Tp =4 KX R i PR X IO o 7K 2 1
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Table 3 Statistics of rain yields per flash based on the classification of I,

1K /M - RRH FAFH RS/ (10° kg » {171
/(10" kg« f171) /(107 kg« fl71) /(107 kg + fI° 1) 5% 95% 25% 75%
1,<<0 35. 80 9.09 2.26 4.55 66. 90 8.73 22. 80
0T, <T4 1.84 8.66 1.98 2.73 63. 80 5.80 25. 30
1.4 4.08 6. 25 1.76 2.16 52.00 6.81 22. 30

LHERAE I (R OERV, 5 I, =4 K 4525 4K BFE XAREER T [L<0 K 194328 HA MK
N RN L S K e R MM el U, [FIRE, S A AR 22 RN
I,<<0 K3 2B X & MRl X RE L 0 K< <

R4 TEL SETLBRFRMMREKENEEMEX R

Table 4 Linear fitting between total lightning frequency and convective precipitation based on the classification of I,

IL/K P SE Y F £ 55 Fo.o5 2 A 3 A EYE Yy
1. <0 0.719 44,971 4.08 s R=(3.580X10%)+(3.375 X105 F
0<I. <4 0.493 57.758 3.94 = R=(3.377X10%)+ (4. 469X 10°)F
I >4 0.853 328.337 3.92 = R=(1.530X10%)+(6.276 X105 F
2.3 ETEESESEWNBEKRXR 13.5 ke [ 43 28 5% 07 9 6k PR XF o7 e 7Kt A 6 388 K
2.3.1 F&TF 20 dBZ iR A T d K A 28 M Haoapz<<11.5 km Fll Hypapz=>13. 5 km B4~ 4r 2K
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5y 0 3 AKX, FEAE Clf SOREAS LD D 97 5 IRV I 3 ) A 2% B 22 B BB DA 6 L g K A 6
(35%0),85(3100) Ml 94 (3420) . f1 T 20 dBZ Je i /. 5 REE S5 1y DA L I 2l 7 A X o7 SEE 5 1) 0 I
RINT R EAA—ERE AR TGS 58X 53R 5 R Hoowr =13, 5 km 7p 4
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AN]SR B TR B R AT R X A0 s 5 TR R R AL MR X R OK B — B, H Ol R 5 WAr A X
FEA TR B BEWE X 70 Hooapy<<11.°5 km 732 {1 B DA X D7 [ K S A 0 5

RSB TR 20 dBZ AN Tk /v BB A0S U0 AH LT Hh X 30 X8 R /0N 19 S5 DR X
1 BE PR R X LR K B GE T O . M ARTE B T i 0 I R AR (TR R R SR BO TN B R
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Bl e ) U 1105 km<< Hyg g <<13. 5 km, M i’i%’%%“iﬁﬁfﬁ’id\ﬁ’ﬂ%‘\lﬂXﬂ‘ﬂj[«‘%ﬂ(%)ﬂﬂTﬁE%EE?
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Table 5 Statistics of rain yields per flash based on the classification of H 4,

Ho apz/km ﬁlj\ﬁ i:ﬁj(ﬁ %:{I\qzﬂj{ﬁ RBP4/ (10 ke » [17D)
/(10° kg« fI71) /10" kg« {171 /(10" kg« fI71) 5% 95% 25% 5%
Hy apz<<11.5 1. 84 17.30 2.09 0.94 65. 20 4.74 22.30
11. 5<<Hz apz<<13.5 17.00 10. 00 2.83 4. 80 78.50 10. 70 38. 20

Hyo agz=13.5 32.10 6. 81 2.14 4.94 58. 60 8.05 30. 90
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Table 6 Linear fitting between total lightning frequency and convective precipitation based on the classification of Hyy 4p

Hy apz/km LIPS F 50 Fo.05 S 75 3 A A6 5 [EYEpxi
Hjo apz<<11.5 0. 804 174. 041 3.95 £ R=1(1.168X10%)+(6.133 X105 F
11. 5<CHz agz<<13.5 0. 588 43. 830 3.97 P R=1(2.522X10%)+(6.572X10)F
Hoapz= 13.5 0.663 71.500 3.95 & R=(3.377X10%)+(4.893X 10 F
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Table 7 Statistics of rain yields per flash based on the classification of f;

f1s 1/ dBZ fR/ME e RAH AR SBUE Y oA /(10° kg « {171)
B /(105 kg « fI71) /(107 kg« fI7') /(107 kg « fI™1) 5% 95% 25% 75%
S12 km<<25 1. 84 4. 81 1.43 1. 29 45. 20 5.89 39. 40
25< f12 km<<35 37.00 7.85 2.26 4. 65 60. 60 9.05 30. 80
12 km =35 14.10 9. 36 1.91 2.28 65.70 6.11 21.40
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0.375.20 3 IR, frown A Hao anz XF X5 Ui 58
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Table 8 Linear fitting between total lightning frequency and convective precipitation based on the classification of f; y»
12 km/dBZ LEPE 3 F {55 Fo. 05 3 A 5 [ 5 5 7
S12 1 <<25 0. 597 54. 879 3.95 & R=1(1.302X10%)+(5.988X10°)F
25<< f12 km <35 0. 609 66.011 3.93 I R=1(2.749X10%)+ (5. 704 X 109) F
S12 km =35 0. 375 14.518 3.96 & R=(5.360X10%)+(1.912X10°)F
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Table 9 Statistics of rain yeilds per flash based on the classification of V3

Viorso B/H LeS FA Y1 SR A A/ (105 ke » 1)

/(10° kg » f1I71) /107 kg« {171 /107 kg« {171 5% 95 % 25% 75%

Vi0/30<20. 39 1.84 6.11 1.52 1.25 48.70 5.74 19. 50

0. 39V 40/30<20. 48 22. 40 5.57 1.58 3.72 36. 20 7.25 21. 20
Vio/30=>0. 48 18.10 9.09 2.56 3.59 68. 90 7.78 39. 90
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KREME G Vi <<0.39 53 KE BT - AHCHE &
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Table 10 Linear fitting between total lightning frequency and convective precipitation based on the classification of V3,

Viorso AH K FR AL F K55 Fo. 05 PR CB i BUN 04 T w9 7
V40/50<20. 39 0. 750 154. 374 3.92 P R=1(5.889X107)+(9.230X10)F
0. 39V 40/30<<0. 48 0.596 54.102 3.97 & R=1(3.133X10%)+(4.399X 105 F
Viosz0==0. 48 0. 663 71.500 3.95 = R=1(4,289X10%)+ (3. 945X 105 F
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Relationship Between Lightning and Precipitation Based on Classification of
Atmospheric Stratification and Development of Thunderstorm

Wang Tingbo” Zheng Dong” Zhang Yijun®” Yao Wen” Zhang Wenjuan®
Y (Chengdu University of Information Technology, Chengdu 610225)
? (Chinese Academy of Meteorological Sciences, Beijing 100081)

Abstract

A total of 28 thunderstorms occurring in and around Beijing area from 2006 to 2008 are picked to in-
vestigate the relationship between total lightning (observed by SAFIR3000) and convective precipitation
(by radar inversion). These cases are classified according to parameters of the atmospheric stratification
where they are generated and the reflectivity of radar. The quantitative results can provide a reference for
the applications of lightning data on severe weather warning and precipitation estimation. The lightning
forecast can also be improved by assimilating the relationship between the hydrometeors and the lightning
activities to the numerical prediction models. The analysis can extend the application field of the lightning
data.

The results show that the average convective rain yields per flash is 1. 92X 10" kg « flI™! on the whole,
while the linear correlation coefficient between the total lightning frequency and convective precipitation is
0.584. Total lightning frequency (expressed by F with the time space being 6 min) can be used to calculate
the amount of convective precipitation with the equation R= (2. 813X 10%) + (4. 570X 10°)F. A total of 28
thunderstorms are classified according to the convective available potential energy (Ecsp) and lifting index
I, of the atmospheric stratification where they are generated. It is explored that strong instability of at-
mospheric stratification tends to be associated with smaller precipitation and more pronounced correlation
between total lightning and precipitation. Of which, the classification of Ecap no less than 1600 J » kg ™!
has the correlation coefficient of 0. 837, the total lightning frequency can be used to calculate the amount of
convective precipitation with the equation of R= (1. 620 X 10%) + (5. 478 X 10°) F. While the classification
of I, no less than 4 K has the correlation coefficient of 0. 853, the total lightning frequency can be used to
calculate the area of the amount of convective precipitation with the equation of R= (1. 530X10%) -+ (6. 276 X
10°)F. Another three parameters calculated from radar reflectivity, i. e. , maximum height of 20 dBZ re-
flectivity, maximum reflectivity at 12 km level, and volume ratio of the reflectivity larger than 30 dBZ a-
bove 0'C to the reflectivity larger than 40 dBZ above 0'C, in terms of their radar volume scans. The most
pronounced relationships between lightning and precipitation occur in the classification of Hyyg <<
11.5 km, 25 dBZ < f1; tn<<35 dBZ, and V5 < 0. 39, when the correlation coefficients are 0. 804, 0. 609
and 0. 750, respectively. The linear correlation between lightning and precipitation show obvious differ-
ences in different classifications. The fitting equations in different classifications are revealed, which will
provide references for the application of relationships between lightning and precipitation according to the

characteristics of thunderstorm processes.

Key words: lightning; precipitation; atmospheric stratification; radar parameters



