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Discussion on design of statistical test scheme for effect of artificial
precipitation enhancement by artillery and rocket

WANG Jun
(Shandong Weather Modification Office, Jinan 250031, China)

Abstract According to observations of field test and numerical simulations, the basic characteristics of
the design of the test area for the effect test of surface precipitation enhancement operation are analyzed by
using the ideal conceptual model of artificial precipitation enhancement. The influence of operation
sequence,, moving speed of cloud system, and coverage rate of catalytic cloud system on the rainfall
points in the test area on the effect evaluation is investigated. The results are shown as follows. 1) The
moving speed of cloud system should be regarded as an important indicator of selecting target cloud,
which directly affects the length of the test area and the layout of operation points, and also has a great
impact on the effect evaluation. The target cloud system with different moving speed distributes the
artificial precipitation to different areas, which increases the difficulty of the effect evaluation. 2) There
exists the rainfall data of the shortest time span, which is jointly determined by the length of the test area,
operation time, and moving speed of the target cloud, and it can be used to evaluate the effect. 3) The
calculation formulas of the ratio of operation time to rainfall time used for statistics of effect, and the

relative precipitation enhancement rate by the influence of catalytic cloud system on the coverage rate of
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the rainfall points in the test area are given, respectively. Based on these formulas, the randomized

experiment data of Israel I are quantitatively analyzed. The results show that to evaluate a certain relative

precipitation enhancement rate, it is necessary to artificially catalyze the cloud system to have a greater

precipitation enhancement, that is, to change the natural precipitation significantly.
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Fig.1  Schematic diagram of area of artificial precipitation

enhancement operation and test area ( vertical cross

section along moving direction of cloud system

through center of catalytic region)
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Fig.2  Scheme design of test area with multiple operation

points and cloud systems with different moving speed

(a. front of fixed test area, b. center of fixed test

area)
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Fig.3  Schematic diagram of multiple rounds of catalytic
operations ( vertical cross section along moving
direction of cloud system through center of catalytic

region)
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Fig.4 Schematic diagram of two catalytic units and multiple

rounds of artificial precipitation enhancement

3.4 EEMEEE S XK EZ BE X RS

— R A MV ARME DAL Hh A BOCR , 75 2 kAT 2
BN, AR, B RO VE AR 1R 8O 5 B
AELERR DU T INF 8] Fr) FR 8 SRR A 5 AR VRl 3%
R UL, P A Al X B i B — 1 T Y
IFRIERAN/INT T, B A7 Al PR B0 T 7 2 22
DR AL . BB AL s HEAT n FE AL,

AHAR RS YA L[] B A B 18] Ry L/ U 33 m) LA A
AAEAE X S5 i (1 3) o O B PS4 A — Tt
T B = &R o B 20520 O g R s, 5
SERRIE 2R ¢ +nl/ U, AL = R0 B S W &
THIIIEZIR 4L,/ U, 520 25 I 20 ¢ + L,/ U +
nL/U Mifl = RAE G X e KIFLEEf (a4 L,/ U+
nl/U, FEWFZ 1 +L,/U Z 00, A W A 32 25
W, MAERTZ ¢ +nl/U Z )5 A W TR 45 )
W, —fAFOL T 5 UAE L /T Ly, IR AL
sERAREERIREIX, 7525 AR 1
OUF # nl/U-L,/U=0, BIRE M = R 28 5
I IX 4 nl/U=-L,/U<0, BWRE ML = R A AT BE
I

BLAGAR T, s R) % TR A R A AL i A AR AL
B E nl/U-L,/U=T,,rlh ,n=(UT,+L,)/L,
B, P ARG Z [B] [R] BR A B R] T'= (L, +nl) /U=
T,+2L,/U,

% U=50 km « h™" L, =70 km, L=2d,+Ux
T, TOEX 3h, Tkj‘j 5 min, m\'J n %:J: 27 ,H_jﬁjﬂ%—/l\%
AL BT R 9. 8 min T — 4R AEML , ¥E LT
Ji& 27 R AL X S B 2 /0 212 km, PR
AT Z B[R] FE B B [ 292 5.8 ho 3k A 1 25 A AE
SBoll 55 Hh SR ARXESE B, —J7 T [A] & 10 min 2245
LT = A JLIRAE M, 25 380 7 T AR X 2 5 05—
J7 T AR 25 1 = B REE R T 200 km 482 11
EIRIXERY o
3.5 ZEBIHEEXZREMBIF

AR TRY, = R A sl B XA R
/INFITERZ2 A B 1] 8 R ot BRI A T 38R AR ER A AR K
Som WRSCRIEA L 2 A FL S . A TR = &
FANRNE i N TARAEAVR LS, i TE mT LUK I S 1
AIXSTIG AR E, 5 TR sl = R kAT [ A )
FAEY , #3505 DX AT DA I 4 7 R 6T 345 T SR Ol K
WA = R 503 B AN 5 2= v i 3 72 D)
AlEEE, = (U,/Uy) « E, 8% U,=10 km - h™",
U,=50 km - h™" 0] E, HAF E, 1 20%,

MR AR SS by B LR 2518, 7E — IR 3
FIEM G AR K B — ST, = BB S
FBCETL TR o 4y 3 7K R 3 T8 T KA DX, i LA
XTHETR ARG, 3. 1 95 /& Mk X S 28 i T o
SRR — A BE AT T 00 b, A R MMk = &
Zo3d 1 XX — A JEAE T 0 b, 15 I A5 1R
— . Bk, TR IR AR, = R Bh
WNZAE Ry BB K R % i, KA 0 5 Je



5 4 1)

TR I KN T RIRCR G S0 T B B LA R 18 39

(Tasmania) & =R > % & T = R s, H
FEBRIE R = A2 RGN F 130 km - b7 FE
JEAEZ R AGE/N T 100 km - b7

4 REXWEREZENZIT

DL By BT &R S i Ak = 26 T KUy Gad X3 1
S W RN R, AR AL & R X
IAFTERE I B G 8, B 5 B —F B I i i
FEIXIR S, FHals XV K, S, 1 BT R U 1
KAKF-FERE R Ly, RIS XA FERE R Ly o Ly, 5 KA
ORI -5 C(Bi-10 °C) 28 EEFAERY
PR ZEA O, IRGEH X 1 M WR-1B B KCH 1
LR 6~11 km"™"™ L % 3~6 km, BAME N 5 B3

(TR 2R 50 km®
—=U
L
S, t
L,

B S Al FA 20 /i X R e X K7 s 2 A
Fig.5 Horizontal schematic diagram of effective diffusion

area of catalyst and test area

— R AR LK SRS LT, L, L S5 1E
WP A RIS R , AT A T, 2 St ]
HUR A 3 KK, B L e K290 20 km,
R ) Bl 479 R B B, 1B LR RV = R 22
FAT & A A . 78 3. 1 rh IR — %
A 1R 75 R K S St 19 05 62 f A A AN A
—RE IS Sl ] B8 ) e St JUASCKCR e L, AN
1 L WG R (B O 7 220 KO RS AR
WRHER L, E g e sl X, 75 2 N, = 1+Ly/L,
KA IR L A B [ — 77 1) L, 4% IR R RE 4 75
(AR, R IT AR, WAl N, - LAY

(BB X I A N, AR, — IR
BB AN AR ny A, BEAE RIS DL Ny =n, {0
REEENZ n /DT N B2 BRI ny N ASEE
A BORREA TR ENTZ A 2220 |
Sl —E I TA] N DO PR K A4 2, RIVR 5 42
AT, AL A ny F0 N, A R4 Y B 2
FNRRAHAFIN, 3 0 FUHT g RN, A TS 0505
HH R R A R — AR Y, MR S 2 ] AR 3
E =(N,/n,) - Ey83# Ey=(n,/N,) - E,,

E, Ey SPEM A ny (N, AT R GOEAR A
XA, R 1L Ey 8 E, B n, /N, BURF L
EINE E, 1 E, 7224, Al L&, ny /N, BI{ED
SR AL 2 Z8 AU DX A0 2 o R0 ROR WAL A 72
Wi, QR By R E] 20% , W Fiti 35 7 o 5 A B ( D
ny /Ny (BB ) 7 B R4 T i B A B g A A
X E, o WARAB GO0 F ] LIEAG H 20%
FRREOGE 3 3 Bt B i AR A AR (/N BBl ) T
DADPA B AR XS R 5 By Bl )

#1 Ey.E, 5n/N X%
Table 1 Relationship between E,, E , and n,/N,

E\/% E./% n,/N;
2.0 200.0 0.1
4.0 100. 0 0.2
6.0 66. 7 0.3
8.0 50.0 0.4

10.0 40.0 0.5

12.0 33.3 0.6

14.0 28.6 0.7

16.0 25.0 0.8

18.0 22.2 0.9

20.0 20.0 1.0

FURT, VR T 32 RHL b I 25 0 . K355
BRI, eI A DL E S . T E AR XN 1%
SN =1 R & N B A (| A A ) T
YEMV AR 24 360°5 # 180° (3 LL Al X 3k, —
fiE HA A BRI LA A VEL KB i L — A
Wb S A RS L, FeRe s . 3 4h, T A g s R
i, — BB S T RIS T Ak . M TR BE 7 7T LA
FESEARAL, AL R 7E T X5 TE B 1l 42 R, (ER
ZAb G KR, BT R AR R
MAVEMV AL AT LA 52 ) A28 K %) DX 888, >R 87 2 IR AE
VAL AT LIRS I8 B 56 T R A A AR X s R
JE 2 bR — AR LA S, 7 B LA AL
IR A TSR 36 A I L S5 Tk, 20
BT BT TR, L B S i X A
T LUBE 6 X, T — A 5 0 L KR B R e R
b B ) DX AR X 5 4 7 S R G X, AR, X
TSRS M

5 it

AT T AR A2 Sl A ] R XY
RN A 2= R X AP R o B ot R AR



40 GRS S

%

i 5 40 &

GEit Az i Y W A5 DR R 2 ] A AR LI AR DL X
PR T 2Bt ML O VAL 25 B i, 2k — 28
TR T LLESI NS S0 245 R B0 3, 3
LR

1) 15056 XA 4 BE R i e DX A B 2
F b5 = B9F% s BE i IE LU, 2 2R 8% gl il B2 IV i A
N HIR B R — A2, Hin s ohd e
ZEMNERIE, /T IR T 22 R A 377 18] 43 A3 1) 24>
VEAD s EATVRAL SRR 1 T AL RCR AT 2 % 5]
X

2) AF A i S I 18] (4 W9 B BORE AT LT T ROR I
i, B H R XA BE ARl I ) AT E AR 2 8% 2l i R
RPE . W T KHT R LA A TR B
RV EALANTE IS 388 Al 5 B A H AR 5 R #RAR
M AL, A — MR PR oC PR T REZ T L
FUARALA B TROER AL

3) KRFAE AL T RBIT RSN RS, 75 2 AR 3
16 DR/ B A KT AL A, AR ABAE b A5 1] B
— 2R (N 8 km) HEFTE S = R shakE B /Y5 1)
o ARE T R A AR b AT e BEAH [R5 A2 £
AV A 1] B AT ] R T 7 ] ) 2 Sk i) L 459 24 35
JUACKHT T, T — 5 KB BRI

4) L@ 1YL S 5OR A 2 B, 2R AT H
PPN I 15, 0% (38 T3, N AL 2= & 0 2 0
R[] FLAT 22 45. 0% LA A AR HE T A0 X 2R A
TAEALI] Rkt 8 AR, AR S H AT AN T34 L
H N TS A BAT AR A RE AR R

=AM RRAE (RLH5 R 3h 77 1) FE B2 ) X34
RAFREATIR R M, AN [ RS Bl JEE 1) H s 2= 25 8%
N TSGR K o3 B AN TR B9 X3, 390 1 28R
FEERERE . DLTE #1056 5 2 25 1A% 5l 5 1) T 228 4L
Mo sl s B RSN, 1X — i 5 25 RIS A AL

S WK

(1] B, 20, B N T R TR ]
[ TR RRF,2000,2(7) :87-91.

HED, £, 8 MK, . N TR m R E 56
(WFSIEA) [M]//7Z K, T, BE%, % hES
G JE 55 BRI SO DN BObE (G B i) - b st h
ES 4 R ,2007.

MOONEY M L, LUNN G W. The area of maximum effect

[2]

[3]
resulting from the Lake Almanor randomized cloud
seeding experiment [ J]. J Appl Meteor, 1969, 8 (1)
68-74.

[4] MIELKE P W Jr, GRANT L O, CHAPPELL C F.

[10]

[11]

[12]

Elevation and spatial variation effects of wintertime
orographic cloud seeding[ J]. J Appl Meteor,1970,9(3) :
476-488.

MIELKE P W Jr, GRANT L O, CHAPPELL C F. An
independent replication of the Climax wintertime
orographic cloud seeding experiment[ J]. J Appl Meteor,
1971,10(6) :1198-1212.

MIELKE P W Jr, BRIER G W, GRANT L O, et al. A
statistical reanalysis of the replicated Climax I and 1I
wintertime orographic cloud seeding experiments [ J ].
J Appl Meteor, 1981,20(6) :643-659.

GABRIEL K R, NEUMANN J. A note of explanation on
the 1961 —67 Israeli rainfall stimulation experiment[J].
J Appl Meteor, 1978,17(4) :552-554.

GAGIN A, NEUMANN J. The second Israeli randomized
cloud seeding experiment; Evaluation of the results[ J].
J Appl Meteor, 1981,20(11) :1301-1311.

WO, AL, M B 1975—1986 4y TH K 2 T f
FRIRCR BT[] AR, 1991,15(4) :97-108.
OGDEN T L, JAYAWEERA K O L F. Cloud seeding
effects on different daily rainfall amounts [ J]. J Appl
Meteor, 1971,10(5) :1002-1005.

CHAPPELL C F, GRANT L O, MIELKE P W. Cloud
seeding effects on precipitation intensity and duration of
wintertime orographic clouds[J]. J Appl Meteor, 1971,
10(5) :1006-1010.

GABRIEL K R, ROSENFELD D. The second Israeli
rainfall stimulation experiment: Analysis of precipitation
on both targets [ J]. J Appl Meteor, 1990, 29 ( 10) ;
1055-1067.

ROSENFELD D, FARBSTEIN H. Possible influence of
desert dust on seedability of clouds in Israel[ J]. J Appl
Meteor,1992,31(7) :722-731.

RANGNO A L, ROBBS P V. A new look at the Israeli
cloud seeding experiments [ J ]. J Appl Meteor, 1995,
34(5) :1169-1193.

OG-, M B B K B AR SR A TR KRR A 50 1 5
m[J]. K5k ,1983(2) :79-87.

WU X H, NIU S J, JIN D Z, et al. Influence of natural
rainfall variability on the evaluation of artificial
precipitation enhancement [ J ]. Sci Chin; Earth Sci,
2015,58(6) :906-914.

WS SRR s N RS FIALE] S AR B 4R [T ]
B G54, 2001, 12(HE ) - 10-13.

HIAZER, Ak, f e 2R = i i i R &k [ 0]
HURG B, 1996(2) 1 1-6.

T BRI, XUSC AR A J2 R 2 2 i T B R 2
Mo T ]R8, 1998,24(6) :22-25.



5 4 1) TR I KN T RIRCR G S0 T B B LA R 18 41
[20] 56 N 52 R B /P 20 BE W0 20 BT [T ] A4, FELT] R Ge541, 2001, 12 (H ) - 80-87.

1999,25(10) : 15-19. (28] A, TOR, SR A AL FIFf 0l 87 B £k B3t
[21] FRIS, B S0, i 8, 55 0T A2 /R BT KRN T3 HFT].HFA%,2018,36(1) : 136-140.

M (I] P E A O %I 53R, 2013, 23 (3
i) : 164-170.

[22] 4x2¢, 3, B, 4. NOAA T &2 = & Bt = iy 3

[23]

(24]

[25]

[26]

(27]

ROSE ] B AR ,2005,50( 1) 1 77-83.

RYAN B F, KING W D. A ecritical review of the
Australian experience in cloud seeding [ J]. Bull Amer
Meteor Soc,1997,78(2) :239-254.
Ef2,FRMA, JE BT, A5 L AR KK 1AL B R AE 53 A
[1].5% 2013,39( 10) ; 1344-1349.

B LR AR, R AL R HKEHLIX
NI BOR G i (1] R AR, 1979,
3(2) :131-140.

FE LI, £ T A TR AL R [T ],
TS % 2015,33(5) :756-760.

JEREE BT ZE G HTAN N TR I RCR 1 — 28 (R AT

[30]

[31]

[32]

[33]

A, WEEH X 2R = A SR R ()],
AN THEMRRS, 1998 (11) :33-40.

AR N TR RS FCR BT R[] A T8
MRS, 1998 (11) ;41-44.

ZREIK,, SRS, W SORE. RT3 R 7 M 7 R i A6 7R
BIET].K4,2005,31(10) :42-46.

MR, Bee, i KA T MR IEAR[M].
Jent G Rk, 2008.

VL, W, oAl 55 B T m R T AR 0
SR o5 2 4 I TR I PE [ D). K5, 2008,34(4)
124-126.

ZRIRAR  TERA, A0 3, S T GIS P& R KEF AL
HWEAL 24 5 R RSV Jr i [ )] 5 kR4, 2010,
16(1) :34-38.



