H324% B3 F % %, %— Vol.32  No.3
2014 6 H Journal of Arid Meteorology June 2014

SRLLHE, BFO0, 0 8, RPN T WBCR A3 [T]. T 5 0%,2014,32(3) :454 - 459, [ GUO Hongyan, LI Chunguang, LIU
Qiang, et al. Effect Testing of Artificial Precipitation Operation in Ji’ ning of Shandong Province[ J]. Journal of Arid Meteorology, 2014, 32(3) ;454 -

4597, doi:10.11755/j. issn. 1006 —7639(2014) - 03 - 0454

WERSFTFHX A TEMAREIE

o4, Z=F o0, X

B, K

(IMFRFTHTHARR, WA §FT 272037)

B P A i R 1 DS X e A D o DXk 3 2 e P AR GE A 30 5 vk, 20 HT
T IR T T HU XTI RSORS00 Al 7 12 o T DI 0 LR 159 1 2 s Pk Rk
TR A R K a2 g s DX [T U R T 2006 ~ 2009 A 4t XN TS TR A 1) F- 243
P, X 2 AR 4 F B3 IR AT TS EE b o SRR S8R AG S 12 1A [ S BON R4 R A
I SEANACR 2 5 AR, 1 DX 6 LE D5 3606 B 77 M XN 0 R ACRPAG AR ST

KW ARG T N T3NSR

XEHS:1006 -7639(2014) —03 -0454 —06  doi:10. 11755/j. issn. 1006 — 7639 (2014 ) - 03 — 0454

HE 525 P48l

E1

TR EIRIRE T B LR i KR A SR K E
Z—o TEXRELM SKFFIR AERIREE L) Tl
AN B 0 AR 16 0 2w, Jh i 2 3 [l A2
LA RBEH—IREERE, BAHKREAE
A, AR5 N AR 1 B A G R K AT B ke i 5
Z YOK IR B SR B T O R R fEHL Y . AT
HHRAE—E M ARAET, it N TigEx = it inse
Wil , R HGRRE K 2 R R A ROR . N
M KA UG T 1948 4 Langmuir fll Schaefer 1) B 5%
AR ABAT Ry 8% 0 T UK TE = 1 28 ¥ 0K )2 Hh 1
e, AT IR s b, X il A
ik UL 30 25 i S BRI Y o RO B i
H P N 1 RN R A SOR 2 N TR K AR
SFRESE ) B RS A o RN T HE R A A AL
ROREATAG T S o3 B, w] LT fif T 2 N 3 W )
AIRETE , DA — 20 4 s N T AR i B K
R AR, B BR A A AR
X N T 38 TR R0 B 58 T R 3 — i SR BB BIL A 3K
B R AR BEHLALIR B 2 POy % BEHLAL IR AT LA
AN T3 52 BERE, PR AE S H AR DI SEAS 52 T
7 SRR BRI, JF BT AR TR E AR M

W HEA:2013 -05 - 16; 2 [E HH#A:2013 - 11 -28

SCERRRIAED : A

F1 T 2ty I AT ORI 0T A T R R R K
FEE KNG S AR, ¥R AR REBLALAE
W7 % o AR BEMLAG IR 5658 5 A P R | X0
Fb R 36 B s X3 ] )55

T AT — 1T EE 1 RS2 2 P 0 A it 11 2
B BRI A5 KRR G MBI 0 i e B¢
FAEH B, SHUIE M) B 2 LA AL
L AR e R UIAE R o AR B T K AR
LT G T N T WA, A% 3Cizs F X8 X L
PRI TR 2 YRR P R K G R B I A B K i 2
FA P s X ] 5 5 2 1T T 2006 ~ 2009 4F 5
b DX 3G R A 0 7 438 W i, O 06 25 SRk AT 43
Br, VAN HE A 55 7 XN T34 R A VR s B
MRS

1 DXCBRR X

DX SRS E i B M i ik B 300 W 14 25 i) 3 A
RSY B A X L D A DA R W X R TR P A A
T AR T8 T VRl B S A 2 B0 T 5 R
AKAEBL, F T v T s o 1] it 38 20 MV i s
KA B0, PEFZ I X 307 326 9 — A~ A 24 T AR ) X3 £
DR EE X, T 5 R T AL R AE 50 min AR T
B, A5t R M) DX B A KR X b DX P-4 K

ELWA FEIRRA ML (RR) BHFL 05 H (GYHY201106010) % B)
VEETE N AL (1976 — ) 20, INARBCEE A BB, CRRIN, N TR AN LR RSB E - mail : jngxj001 @ sina. com



43 4

FRLLHSE - 1L AR T T XN A R RICR A B 455

TRIE ARG EL, P38 0 3k [ A, BRERAS [ e B
{14 1] 98 5 B2 A8 Ak, AT 3R H B G A B /K i, 23 A
AR
1.1 2007 #£6 B 19 BEkitie

W B AR &, PePRIh BN T ) 2= H X,
SEEAT R R A AL 2 BRR N T R R AR A I
#2170 2007 426 H 19 H 20 B,500 hPa & 0
IR ARTRA — AR08, LR 55 77 L IX 52 P R A
M, d IS KR A izl A L i AL AR, =
23l FARTE I ZR 8 AL ER ;700 hPa |- MAERG 3|8 25 7
H—BU VY R I, ARTE AR S 2, i A i) As
ARG T HLIX AL T U AR Zema M (18] 1) 5 b 8] 1
BT i A A AR R T (1 2) .

40°N

E 1 2007 46 A 19 H 20 I} 700 hPa JEH#
Fig. 1 The 700 hPa situation at 20:00 June 19, 2007

115°E

2 2007 4£6 J 19 H 20 i 1 m&
Fig.2 The surface situation at 20:00 June 19, 2007

FUVRR DX 6T Ji e N 3G R A X o %o bE AR
P VAN UL £5 . A 2L R, AN TR ARl X
f s 2 XL BT AU X5 B X5 5 U | TR
ARV DX R AARE AR, 8 ] — 32 DB DX A 3t 5 3R 20
X HE X S X I 32 i R AR GEAR TR, T AR,

AR R B B MK RAE] 0.01 RAE, &4
DA _F S, T RASEIBOVE b DX ) X 4 A A 1l 141X
SR A% X, 25 ) XA At 3 A 7, T 3
TS A I 30T 40 A B DX AR SR 3o L IX

2007 4 6 7 19 H A ALzt B 8 45 il B vld i 5
AN CRFRE A3 B L A L 0 ) /R N HARIX,
TE FFRIX b U7 15 45 — A~ H 224 T AR A DX 00 S 0 L
DX, 0BG X S 76 2 MM T P 69 6 il i (M BT %8 L %
WERE K2 UK E L), 28 T N e EAT N T8
L.

6 A 19 H 2208, 76 5 K 57 & 5 5 4 WR
— 98 T T A7 1] 74 7 1) % 25 2 P B AT N A
el —Hr WR - 98 1 i5 3f & lLfL 4R 33.3 g,
7E - 10 C I BALAR BB 1.8 x 104>/, 1
LA g 65°, BRI A 22. 5°, AT 16 P . MR
(WR — 98 34T 585 K i A 79 33 9 L ) T 5 o
B S TGRSR 35 5 2. 01 km, 7K V- $6 4400 35 h 4.
74 km, 3% B S 6. 43 k.,

M2 %R, 24 H 20 B 500 hPa (&5 5. 86
km) 5 E -4 °C ,400 hPa( = )% 7.58 km) J& )5 - 14
°C, 3 3k A A T DA R o R - 7.3
C,HHH 0 CIRTE S, 17 km, % & FI R E MK
TR AR AR 0 CIR L B AR BT
FFM, KA W S S B R
SE XA R R 26 B BIO™ A S, 3 4 T O
Rl L om - s R 3 R AR YR T AR A
T R A P 3 AT A A R
TEBFF RIS 3.0 km DU , 45 BUESUE 54 3. 66
km , Y HOAE R 8.8,

0°C)Z

=

R /km
o — [\S) w N W ()} ~
e

(=)
N

4 6 8
JKF-HE S fkm

K3 WR-98 K#istizf T il n gl
Fig.3 The trajectory diagram of WR —98 Rocket shell



456 + =]

X % 32 %

SRS AU T R A Ikl 130 km, 25 R FR A
o5k 0.5° 1.5° 2. 4° 3. 4°m}  FEfh B A5 4T
WS B H R :1.13 km 3.40 km \5.44 km 7.7 km,
FIE RN E TEREK b RAE , BT R B Ik i
o0 2. 4° Y BB LR HEAT TS A0 B, I S AL T
0 CJZPA E 270 m 4b,

HRAfE 5 P 220 ) 7 3k R gl il 11 L RS R
A 5.44 km S B RIS ST ] Dl 62°, B N
47 km/h, DA JCHT AR TR 48 4 48 o 5 3 32 B e X
e (k) o 38 km, AR K 81 RS S
THEARE AL )5 HR3A Ao sl ) B[] 2y 48 min, BT D) R
YENLJG 50 min RE7K & #4704 B 4 9 N TAHEf
PRSI SRS TG 50 min S 56 5 R KR 0

G 1A o
TR H LA
2007461 19 H 2241053 ——20074F£6 119 H 23053 [k
By AL Ty
5 02/ _
; S FE a0 7 e 08 1.8
BAEE T aeifjm{; A0 RIS 5~
b

ks
023,

0 e b Pty
Eﬁoﬁ?fﬁ ?ﬂ%ﬂ%?ﬁlﬂik(ﬂé %ﬁ;ﬁﬁﬂifop A
\ 0.1 e ) o
S AL s N SR A0 \\’@]
- ET‘H U ﬁ;gzlﬁ 5oﬁli Q(_H; f@mﬁg 0,1 ZEKifH
9.2 Dl P B R 0.7
:\Jrg;ﬁﬁﬁs;:ﬁ'ﬁ-ﬁa{qzmm AN Rk O3
s e T 04 \ . Y

K4 AT R B RS E 50 min
838 i J] B ek K (AL s mm)
Fig.4 The schematic figure of artificial catalyzing
process at 22 :08 June 19, 2007 and the
precipitation distribution nearby the

launching site in 50 minutes after launching

R K 38 in St 1) 115302 T AL R AE 50 min Py
HH o M X KE:A=(0.1+0.1+0.1 +
0.2 +0.8)/5=0.26 mm; Xt X P2 KE B =
(0.1 +0.0+0.2+0.3+0.1+0.1)/6 =0.13 mm;
AN T 500 R A it BRI e /K AHXHE : (A - B) /B
% 100% = (0.26 —0.13)/0.13 «100% =100% , %
Wi DX TR = 1 FF I B8 4 B B = VT x ST = VST®
=47 x3.6 x0.81 x0.81 =110.6 km®, X V Kk
WG AR R S BE (km/h) | S Sl 554 HiCH
(km/h) , T A AEACTIAE AR X 35k P 45 B B TE] (h)
AN K FEM X R AL x (A - B) x10° =1.4 x 10*
m’ o M _ERTHE AT LAS BT HIX 2007 4E 6 A 19
H T3 FAR X 4 X384 140 000 m’

1.2 2007 43 B 3 BEKAE

2007 4£3 H 3 H 20 B},500 hPa( E1E) Z= V5 1A
FINE b 25— KR A, 1 HoD B IR -
48 C AR, AN E LM T

ELRIE AT —H7 o —BHZE e 3 R s IE A HZE R
A AP AL A W7 b 78 2 D) WG, B 28T
PFOEAEAE s TR 2 21 5 M LR R — LA TR 5
PR PR 2 R A S v T LA e A R R R S R
AR TS, v 25 R A R ke A, A T s 7 TG
e R R TR S T R IR TR AR R kL X A TE
FEFTPE R T R o 700 hPa (&0 ) 78 B 2R W A i) A
RPMAFNE 1) RSG5 500 hPa J& S#AHXT L, 43 5]
H—FE FHZEE HREGR D W IF A i, %
HUO BRI TE - 36 °C L,/ #5500 hPa (1%
O AT, BI7E DU 2Rk LAk 5500 hPa | 0]
E R MBI = 2S5 LE 700 hPa [ R IR A%
W, AR YR 5 ZI0AF AR o AE L P 6T,
5500 hPa A firfwaif , AR50 IR B2 500, 728 V)
Al RV SR R P e 2 X, s IR E AR
BRIFRHL X, T 77 b X Ab FE 2 P 2 X . AR
SIEHAMEGE I RE , T T X B2 AR -
Fhiz S B A KRR A, TR VY R AR A T
F 2 HIKIRHERY .

BT 2007 4 3 J1 3 H Rk 78 v s K i e
R AR R PR AR R s S AE M BARIX . AR
IR S F U T HB X AR, Ak 116°44'30"E ~ 117°
28'54"E,35°9"12"N ~35°32'54"N, M5 5 W& 42
B AR B VAR LR R G, B E AL 1 613 km®
XX EEFE S G 0T Sl 5 A uha,
Xl S N ECR AT N I IR

3 1 3 H 16:23 , FEARPE SR K7 A i K 558
5 8 BL — TA AU\ T 3G R R, — R i 75
fRAR 10.5 o, BUALER M A% Rl 1.8 x 10 4~/g, 1%
YA IS L AR e AR 5 52.5 g0 ARSI B PY
R ATAAE T AR RS B0 1 T i 7 1] 2 R R AR
At

T AR R K A B o 25 IR i i o3 B 3 22 L
A5 X R B AR X R EOL AN & 5o X X
MEN:(7.2+10.0 +10.5 +4.3 +8.4)/5 =8.08
mm; ARYE TR TR R 12. 4 mm, 46 XF RO RN B = 12. 4
-8.08 =4.32 mm, i ERAEIE A0 BT,
UMY Il DX 52 P4 R A4 ], 3 s )

2 Py XA e R g

Py s D3 [ 38 RS EE X B R K A
TR B H bR X SRR K R AT STt
e O BT LA EE LALLM X, i
2006 ~2009 AF5F 7 AN 3G R AR L H P2 3 R &
Py LR ST HARX 50 FE X A4 B SR B K (0]



SRS - LR T 7 M XN T MR A 5 457

H AR X]

v LT
= X
24 S
B, {
N\ i
s WM Ltepity
¢ P
1%1}“% \Z/M

K5 200743 H3 H200%E4 H 08/
T T TR A 2 A (L s mm )
Fig.5 The rainfall distribution in Ji’ ning from 20 :00
March 3 to 08 :00 March 4,2007 ( Unit;mm)

iR, P DI ) H X A SRR K B AT H AR IX
(1) B SRR K
2.1 BiREAnztXiEE

HirX W TH R FREX (FE. £5 3
ARSI K) o BT HLIX A T IR A PR, 8
R T R i PR 2 XU X, 4 3t T A 10 684. 9

POATTHUE LIP3, A 11 AR
ﬁI%AEﬁEQMMMLﬁﬂZAk%HO

Xif O X5 2 e H AR X XU 5T B TR
] AT, AN SZ AR VE s . R E AR B AR
DX RAAAR T, T2 B A T 9800 i TR X6 686 W 2 ) 2 0
I B AR X 5% e X T 52 (1) KSR GeHH TR, TR 7Y
L, S AE TR st X H X B T S H R X
TR A VIAHOE, FEARE DG R AN 35 MoK 1 B ik
£/ 0.01 PAEo X Eo XA H AR X ABR 1% A B % 1Y
PRI o MRS LA b A, SRR VU R T 1 S 5 T
FHER AT AT @ ol B X LK, H AR X 5%
Eb XA BN 6 FiTR

TR A BV RIS T, FERA
RS 5 RAARC G, WA T B AR XA XS
] B T BT XUR AT o X L X H AR X R EE LA

Bl6  XFEEIX 5 HARK AL E R E

Fig. 6 The sketch map for the contrast area and target zone

SJFUR BRI L 12 238.6 km® BRI NA 9 K
AWk A 46 A4S X8 [ S
2.2 BHREARKEXTEAFERE

2006 ~2009 4E 2 H H1 4 F 25T Hb X 3% R
L REARN L Z 0 A 4y, 43 34T T 30 Fi 11 IR AE
o SR DT B DI R B0 A 5 2 4 AR

HNTHIRHCER . 2006 ~ 2009 45 7 i b 47 AL
SR IR Y (8], Sy T B A AT O R F) 48 T A

Abo BEUIABR A 1971 ~2000 4F 30 a vy i3 113 A1 5
T 2.4 AR H R ROR, BOLEARF
PR g P ANGE TR A TR, ESE HARIXA
X EE DX IR B [l )9 75 2 o ORF 2006 ~ 2009 4R 4
MMEMAEE 4 WRRPCFECR , s 2 FEK
BB 2 YOI I R . THRATRAI TR L
F 2 o n IR AR XA, r RS E
DAY X7 St H FR R A 5 R 8K, E 2 246 X 39 7
HOR, RIEHII I IRCR , o 3 FRCR 1Y 25
a7y oy )R L XA H AR XA R X
fH

&1 2006 ~2009 £ 2 AFTHRATHERIXEEIFSTER

Tab. 1

The regression analysis results of artificial rainfall enhancing

test in February from 2006 to 2009 in Ji’ ning region
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Tab.2 The regression analysis results of artificial rainfall enhancing

test in April from 2006 to 2009 in Ji’ ning region
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Effect Testing of Artificial Precipitation Operation in Ji’ ning of Shandong Province

GUO Hongyan, LI Chunguang, LIU Qiang, ZHANG Yanyan

(Ji’ ning Meteorological Bureau of Shandong Province, Ji’ ning 272037, China)

Abstract : By using two kinds of methods such as the regional rainfall comparison test and the regional historical regression test, the
effect testing method which was adapted to artificial precipitation operation in Ji’ ning was analyzed. Statistics showed that the periods
of artificial precipitation operation in Ji’ ning mainly concentrated from February to May, and weather systems such as cold front, trans-
verse trough, southern trough, southern cyclones and reflux were in favor of artificial precipitation operation. The increasing precipitati-
on of two stable precipitation processes was calculated by using regional rainfall comparison test, and the average increasing rainfall
through artificial rainfall operations during 2004 — 2007 in Ji’ ning area was also calculated by using the regional historical regression
test. Then the effect of artificial precipitation operation in February and April was compared. The results show that differrent testing
methods resulted in large differrent effect of artificial precipitation operation, and the method of regional rainfall comparison was well
conducive to effect evaluation for artificial precipitation operation in Ji’ ning area.

Key words: artificial precipitation; effect test; Ji’ ning
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Mechanism Analysis of a Short — term Strong Precipitation in
Midsummer of 2012 in Western Shandong Province

XU Juan, JI Fanhua, HAN Fengjun, LV Bo, WANG Jian, YI Xia

( Liaocheng Meteorological Bureau of Shandong Province, Liaocheng 252000, China)

Abstract : The paper analyzed the weather situation, physical quantity condition and the characteristics of satellite cloud images and ra-
dar echo on July 4 2012 in western Shandong Province by using conventional observation data, intensive observation of automatic weath-
er station as well as satellite images and radar data. The results show that this short — term strong precipitation was caused by the lower
cold air and the mesoscale weather system under the background of the propitious large — scale weather system. Abundant water vapor
and the strong convergence ascending motion on the level of 925 hPa and 1 000 hPa were conducive to the occurrence of strong precipi-
tation. The positive vorticity center was corresponding to the strong precipitation center,and the surface convergence line and cyclonic
circulation touched off the short — term strong precipitation. The satellite cloud images and radar data revealed the occurrence and de-
velopment of the mesoscale weather system. The position and the maintain time of the mesoscale convective cloud cluster were consist-
ent with the mesoscale system, and the same as the short — term strong precipitation. Strong radar echo region with composite reflectivi-
ty factor more than 45 dBZ corresponded with the area of the short — term strong precipitation. Appearance and maintenance of the con-
vergence flow field in radar radial velocity product were associated with the mesoscale cyclonic circulation, as well as the echo top
height rising. While appearance and maintenance of the divergence flow field, and decline of the echo top were associated with weake-
ning of the mesoscale system. The peak of the vertical accumulated liquid water contend appeared at the early stage of the short — term
strong precipitation, and the peak value occurred before the stronger precipitation.

Key words: short — term strong precipitation; mesoscale weather system; mesoscale convective cloud cluster; radar echo





