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Abstract: This paper focuses on the effect verification and analysis of artificial precipitation enhancement
for a stratiform cloud precipitation event, which occurred over Dalian on 12 April 2015, by using statistical
and physical verification methods. The results reveal that the relative rain enhancement rate increases by
49% (2<<0.01) in 30—50 min after catalyzing the operational clouds and reaches the maximum rainfall rate
by calculating the minutely rainfall of observational and fitted values in the operation and contrast area.
Moreover, significant improvement exhibits in physical effects in terms of radar echo intensity and area of
target cloud, precipitation duration and variation characteristics of raindrop spectra in fitting clouds.
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06:19 BT 12 April 2015

PO T T T A DS — 3R RO 78 D B2 AR %)
b 1T R K G FR HEAT A0 M7 IC SR 4 [ B ik A, 24
Rt K R T S G TR R 95 L AR A 3l R A
BRI B[] R B T S B — S B KR T 1Y
RO RO B (B AESE,2011) . Ki%ETH 2014 4R K 5]
T 7 G OGRS 43 ) A A K A5 X
ARG WMEFE AT N TR RS . A
SORJZ ARz 3G W ARl i ROR GevHR 3 s R E

T R ORS00 ) 73 I 0 D 9 A7 ) A A A

9 o

3.1 HEWBRSITRE

3.1.1 SwERAET R TR

] 051 75 58 0 8OCR G 3 1 56 I 0 8 i ) X e IXC
MgeitAs st . XF b X R R R SO 58 R AR 17
P AR DG Z BN B R FLX B XA A2 A A A Dl 5%
Mo XA M DXR R B DX 4 0l 16 T 8 22 )5 R 4
P T DX AR B0 FL AR B 7 X = 2R 2 AR e 1
JERZ o BT 1 BT B & J e A — B (18 4. &1 5)
FFIEFE = HL B AR R 3 Uk T 1S R AR Ml A9 3R 5 R
(B4 o Al DX 38 22 75 0 3 7 F A ol o50R 3 X L
e Ty AR R (R =W N

T YR R R I T 45 TR L X 4 M b T A AL AR
b o PRI B 7 R T 25 3R Bl o R B DX 4 P UL 3l A 25
32375 5 A 23 PR HG Al A A X 5 22 g R T
Yy o TR T A 0T M 22 R R P A 00 3t 1 R T 0
PR B L FT SR BT L BUS T A AR ROR . IR IR
A A GE TS R P B AR X 22 R FE X 4
M RR I 15 43P A R R



1406 A

% 842 %

3.1.2 #E X 5 stk K AR & B 57

3L X 22 s AN AR ML T 35 min (1 I 1% 43
o I R L i o [ AR R R AT T G T R A AT L A5 3 A
T INHORHER 3 5 M 52 1 57 22 08 Y 7 2R 5 A
1.8 mm « h™ ', IEAK T4 M, AW R AL L&,
A b T SR R — B [l B e e B PR A 24
JE A4 M 35 A~ 434l T 9 AR A A OG R ECR 0. 7665,
R ¢ R0 A G R B AT MR I T R S i)
ﬁt:v7i§vT;71ﬁﬁ@memgﬁﬁtﬁﬁ
AT 3] P Hb R 2R A DG 3 K P «<C0. 001,34
A Ml DX X BE X s W 56 7 3 U0 20K 2 B o e
W B I R A G s X AT — o LA 1S
FE 5 7 #R . y=0.8684x+1559. 6, F 81 & fE I

6000
=
g 4000
g
=
(=}
= 2000
N
o
0
05:46:00 05:56:00 06:06:00 06:16:00
Ml /BT

7 SEFARLAT 35 min AL IX
Xof L X T i Bl I ) A4 22 £ 15 0
Fig. 7 Characteristics of rainfall intensity
over the operating area and contrast area

in the 35 min before operation

6000 ¢
_ *
[ *
=
£
£ 4000 |
=
o
x
N
i
% 2000
I
=y
z 1=0.7665
y=0.8684x+1559.6
O I L L I L J
0 2000 4000 6000

PRl X 3% JE Y 5% /0,001 mm - h!

B8 AT ML X % B X 3R
O TS i
Fig. 8 Scatter distribution and fitting model
of rainfall intensity over the operating area

and contrast area before the operation

X% Bb DX 5 43 A P PR o R R ey 1 I & B
MG RO T b — ), & B LA 2, W
SOV DA A 406 2 B 3 422 3l o 36 WD [l 5 Oy AR R A 47
HZRIAE M X% B DX b % R 1 O &R L i AL
Vb J5 5 Ml D38 2 5 7 TR A A8 Ak 3 T 5 592 B 00 3
(ELXT F o A T3 1 T R
3.1.3 AFd i R oA

&9 B Rk (06 :20) 5 2 24 JE F14 M 75 1
T 8 Bl T 80 7 A8 A 5L . AN Rl LA S AR IS
B 20 min NP HU T R B PR FEAE 2~3 mm « h 'L IF
A /IME S 3% 520 min 5L 2 R 2] T 1Rk X% 22
JE b a5 G 7 )23 18 28 IXUTa) XU DA BB E H bR =
PR 22 5 R B S ZR G 1R ) AR S 30 min,
22 5 TR B 4 B T R R O K (R D A
(i A N AT R VAU AN = )1 T A S W Lo
mm « h™ ' DL FERTSREESE T 38 20 min IR #& &7 3
ESHCRME R B SRR B s m
A YT FRRIK O BB 555 B R T AR AR B0
AHFARF) » 2 B 1 TR SR B s R R 58 T X e X 4
VDRSS ST ST I8 WANNEIE 8 +3 =1/ S |

8000

— 2k (fRk[X)
T =i (RfLE X
- 6000
g
g
— 4000
S
< 2000
o
E v tony
0 ==
06:20:00 0634000 07:00:00
Wi /BT

B9 3R ARl 5 ARk XX B X
TR 588 i P 1] 28 4 17 L
Fig. 9 Characteristics of rainfall intensity
over the operating area and contrast area

after operation

3.1.4 ¥R IFE
A5 min Sy S XM 5 38 22 08 00 sk 4 20 i
R DTS RS m RS AR

LA, REWACR A R RSt E = KRy

BLRE] TSR B B AR (R 2) . Hih R &
AN EES min W& . Ry 8% 5 min IA W E.E
7N KT IO IR ] A R R




511

ZRLLARAF - — YRR = i3 T ARl OR 20 7 1407

F1 ERELEEZHEELR) &M (MER)REESHRERNLER

Table 1 Observed rainfall per minute at operating area and contrast area after the operation

AyEh /0. 01 mm

BRI AE /0. 01 mm

Ay 8P AL /0. 01 mm

i ] e ST i 7] o ST i 1 e T
06:20:00 4 6 06:40:00 5 3 07:00:00 7 2
06:21:00 4 8 06:41:00 5 4 07:01:00 7 2
06:22:00 4 6 06:42:00 6 4 07:02:00 9 2
06:23:00 4 5 06:43:00 7 7 07:03:00 6 3
06:24:00 4 3 06:44:00 8 8 07:04:00 7 3
06:25:00 3 3 06:45:00 5 5 07:05:00 5 1
06:26:00 3 3 06:46:00 4 5 07:06:00 9 1
06:27:00 3 3 06:47:00 7 4 07:07:00 9 2
06:28:00 4 3 06:48:00 6 5 07:08:00 7 1
06:29:00 B) 3 06:49:00 5 4 07:09:00 4 0
06:30:00 5 3 06:50:00 9 3 07:10:00 5 1
06:31:00 4 3 06:51:00 13 5 07:11:00 4 0
06:32:00 5 1 06:52:00 8 3 07:12:00 3 0
06:33:00 5 3 06:53:00 12 1 07:13:00 2 1
06:34:00 5 3 06:54:00 8 2 07:14:00 2 0
06:35:00 6 2 06:55:00 12 2 07:15:00 1 1
06:36:00 4 3 06:56:00 9 3 07:16:00 1 0
06:37:00 3 3 06:57:00 10 3 07:17:00 1 1
06:38:00 4 3 06:58:00 10 3 07:18:00 1 0
06:39:00 4 4 06:59:00 8 2 07:19:00 1 0
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Table 2 Comparison of the observed rainfall
and fitting rainfall per min and the effect analysis

of precipitation enhancement

I ] PR /0. 01 mm T H /0. 01 mm MFHE/%
06:20—06:24 20 —18 —90
06:25—06:29 18 —7 —39
06:30—06:34 24 1 4
06:35—06:39 21 —4 —19
06:40—06:44 31 —5 —16
06:45—06:49 27 —6 —22
06:50—06:54 50 26 52
06:55—06:59 49 26 53
07.00—07.04 36 14 39
07:05—07:09 34 18 53
07:10—07.14 16 1 6
07:15—07.:19 5 —10 —200
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Fig. 10 Characteristics of the observed
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rainfall and fitting rainfall per min

in the operating area after operation
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