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Abstract For physical inspection of artificial precipitation enhancement effect based on multi-source detecti
on data,we establish the similarity measurement coefficient APC of contrast area selection,and the dimensi
onless PIDI index method for physical inspection of artificial precipitation enhancement effect.Results sho
w that:(1)The PIDI index method of physical inspection for artificial precipitation enhancement effect can
be used to minimize variability influence of seeding cloud body and precipitation with the similarity coeff
icient APC,and synthesize a variety of dimensionless cloud physical detection parameters with dimensionles
s method.Finally,a percentage change rate is used to comprehensively measure the overall variation trend a
nd degree of various cloud physical parameters.(2)The PIDI index method was applied to inspect the preci
pitation enhancement effect of 24 aircraft from 2014 to 2019.The average change rate of 7 indexes (cloud
top temperature,effective particle radius,optical thickness,liquid water path,combined reflectivity,>30dBZ ec
ho area,vertical cumulative liquid water content) caused by artificial precipitation enhancement was 3.4%~1
9.6%.The change rate of hourly precipitation of 18 operations was 0~58.3%,the change rate of hourly prec
ipitation of 6 operations was -37.5%~0.The changes of cloud physical parameters caused by most precipita
tion-increasing operations are obviously smaller than the changes of precipitation.(3)For the 18 operations
with positive effect of precipitation enhancement,cloud top temperature,combined reflectivity and vertical cu
mulative liquid water content for most operations were increased due to artificial catalysis,effective particle
radius,optical thickness and liquid water path for most operations were decreased due to artificial catalysi
s.(4)The difference and similarity between the PIDI index method and the K-value method were compared
by using an aircraft precipitation enhancement operation.For the test of precipitation variation trend,the tw
o are consistent.The difference between the two is that the PIDI index method can reflect the average cha
nge rate of all inspection indexes caused by artificial catalysis.

Keywords Physical Inspection of precipitation enhancement effect,HYSPLIT model APC,dimensionless,PIDI
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Fig.1 Technical route of PIDI index method of physical inspection for artificial precipitation enhancement effect
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Table2 Reasonableness analysis condition of artificial precipitation enhancement process
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Table3 Information of 24 aircraft precipitation enhancement operations in Henan from 2014 to 2019
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Fig.2 The overlay of airline and radar echo plane(al-a24), radar vertical profile(b1-b24) of 24 aircraft precipitation enhancement

operations
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X Tl S B S BT 24 ZECKHUERIVENL, E e E G VEML IRE I X, SRS ERZ I X b = X Bk
BT AR 2= AR 32 5 8 i X T AR S5 R RO B S LU X, 1S3 % LU IX (¥ APC 2%, R 24 L APC Hie/MiE
RO EE X O X EEIX (R 4D B SRt L IX G, AU HYSPLIT AEAUEADIE M ARV 455 0~3h 2 /N
e DX AT B X 23 (8] 32 4k (1] 3D

R4 24 RKHIEBRIEWANERTEEX APC R, SEXEEX

Table4 Coefficient APC of primary contrast area, best contrast area of 24 aircraft precipitation enhancement

operations
o APC R¥& BEXT X
X 1 X2 o WHHX3 SHX4 (APC H/ME)
19 13.13 10.25 10.28 8.57 XHIX 4
20 18.73 33.65 11.74 / FHEGIX 3
21 4.26 2.44 1.84 / XX 3
56 160.70 45.47 8.39 / XX 3
58 16.01 26.02 / / EGIX 1
65 16.10 7.40 14.00 22.71 FEEIX 2
67 21.96 10.82 5.70 4.08 XX 4
69 6.94 7.95 14.90 27.97 X 1
72 2.41 1.36 1.22 459 XX 3
73 8.55 34.95 71.27 6.63 XFLEIX 4
75 20.78 35.53 13.77 58.23 XX 3
76 7.49 7.68 14.96 4.87 XX 1
78 2.57 4.63 6.49 1.25 HEGIX 4
79 2.91 1.35 0.47 2.80 XX 3
80 26.18 1.12 11.02 8.12 X 2
20 4.24 6.65 12.03 5.50 XX 1
91 4.41 6.04 3.98 / HHHIX 3
93 4.84 5.18 5.00 7.95 X 1
94 10.99 40.59 2.51 / XX 3
97 1.57 13.39 1.56 6.38 XX 3
99 47.67 11.45 2.28 2.02 HHHIX 4
100 1.86 8.88 2.15 / XX 3
101 11.93 3.39 30.10 11.09 XX 2
105 6.62 4.60 176.70 23.16 X 2
8.

E E EG (a3)

< < S

36° S

34°N :
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S WG X AR X . XD M B AR XA A S TR X R LG X FEHBTAT B )

Fig.3 Three-dimensional geospatial configuration of airline and 0~3h hourly influence area and contrast area of 24 aircraft

precipitation enhancement operations (al-a24) (The solid red lines represent the airline; the blue areas and the orange areas

in the air represent influence area and contrast area,respectively; the blue areas and the orange areas on the ground represen

t the ground projection of influence area and contrast area in the air,respectively)

43 NITHBMBRDERKRER

R WY ) 2 5 5 B8 AT OWIIE S TR R TGUAR X s 36 7= i AR P PO 2 ) CJ B 2548, 20085 BR34E, 2007),
AT 3 B M AR W T[] 2 SO I b AR R E R MUK TR . ARSCHoE 2 H 17 I AT fE
WA BTN, 24 E 17 B DU AR AR . H E) A1 W 2R BEAS 56 Fi bR P T2 ST
HIEHEM S (12 kAEMk: 19, 58, 65. 67. 69. 73. 75. 78, 79. 90. 100. 105 5), #[al M54 [ %k
SRYIEAG IR FE R T B AR B (12 RMEMk: 20, 21, 56. 72, 76. 80. 91. 93. 94, 97, 99, 101 5).
4.3.1 HIEAMIER KSR

JSLF PIDI R VEXS 12 Y H BN 3 I BCRAE Y BRS 5, Seit 7 SR B R e R br (1 PIDI R . 45
H R4 PIDIE. FE/K &4 PIDI_rh B WLl 4. 734t 12 Y CHLIE R /R PIDI_ttop ., PIDI_ref, PIDI_optn,
PIDI_lwp. PIDI_dBZ. PIDI >30dBZ. PIDI_VIL. PIDI, A\ N5 X N AL SR = TR E . kA2
AR BB BUKERAE. HE RO, HE R A>30dBZ . 3 EH RS SKERRLE, 7
5 °H-17.0%~30.4%. -17.6%~3.8%. -8.7%~6.5%. -19.8%~3.4%. -21%~32.8%. -23.9%~32.6%. -14.5%~22.2%.
SIHT 12 RHUE R AR L 7 T = PR Fa AR (145 A Fa 2 PIDL, IANEEMA X N A AL BRI 7 T An P35 454k
2R 3.4%~19.6% . 7 1 12 Y KHLIE R AE ML PIDI_rh, 10 YK KHLHE RY 7RV /NI B K S FE A PIDI_rh S IEAE,
BIVIE RN AR 52 TE AR, /NS 1S T 225 0~48.8%, e, /[N 19 Y 225 [l 0~1096. 10%~20% . 20%~30%- 30%~40%
40%~48.8%HIMEN AL/ 5 LUk 2 K 3K 2 R 2 U 2 Ik KHUIE RN 1R ) /N B K B4R B PIDI_rh 2y
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I =EESHAAC I N T KA

/NI R R N-17.9%~0. i
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10% -10.8% 108 10% | .goyS8%
-14.5% -12.3%
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20% - 60% - 40% 32.6% 38.5%
(34) (35) 48.8% (36) -
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10% - 40% 32.8%
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20% - 10% 0% 9.3% 4 70, 96% o506 23% - 4.5%4-
10% - % 7.7% ' | / 3.6% 0% 4 — YA / .

0% | 0% - -2.9%
Y v v -10% - -6.6%
0% 1\ 53%  59% \ 519 -10% 7 0% '
-8.3% 9.7%  -11.6% -12.3%
11.7% -13.3%
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30% - 20% - 20% A
(a10) (al1) 15.0% (a12) 9.9%
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-3.4% 23.9%
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PID|_ttop  PIDI_ref  PIDl_optn  PIDI_lwp  PIDI_dBZ  PIDI_>30dBZ  PIDI_VIL PIDI PIDI_rh

B4 HIEANME] KPR 56 2484 PIDI M 254483 PIDI(al-a12) (PIDI ttop. PIDI_ref, PIDI_optn. PIDI Ilwp, PIDI_dBZ.
PIDI_>30dBZ. PIDI_VIL. PIDI_rh 73 JIRAERZM XN AT I = TR . 2R T A RBCER e B MUKERE.
JAtEL >30dBZ [FIE AN B E RS SKE. DMK E AR, PIDI AR XN TSR IET 7 TiFehs T3
AL

Ha

Fig.4 PIDI; of each indicator and comprehensive index PIDI of physical inspection of diurnal cases (al-al2) (PIDI_ttop. P
IDI_ref, PIDI_optn. PIDI_lwp. PIDI_dBZ. PIDI >30dBZ. PIDI_VIL. PIDI_rh represent the change rate of cloud top temp
erature,effective particle radius,optical thickness,liquid water path,combined reflectivity,>30dBZ echo area,vertical cumulative li
quid water content,hourly precipitation of influence area due to artificial catalysis,respectively.PIDI represents the average cha
nge rate of the first seven indexs of influence area due to artificial catalysis)
4.3.2 BIAAMGIER K45 R

SLH] PIDI SRR 12 IRBC AN B BE I RSCRAE Y BAGSG, Seit 4 Tl V)P IR FR bR A PIDL R . 45
HIREPIDIE. K EFR R PIDI_rh A W& 5. 204 12 KBS R /EML ) PIDI_ttop. PIDI_dBZ. PIDI >3

0dBZ. PIDI_VIL, PIDI, A A XN TSI = TR . HE R FR . A6 % >30dBZ iR, &
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B EPRASKERE, 705 8-15.6%~10.7%. -22.6%~25.8%. -20.9%~22.7%. -14.3%~23.2%. M7
12 KWL IR 4 Tz B R R I 22 & 45 5 PIDL, YUAREm XN THEAL 1) 4 TR FR-T- 128 % 1.
5%~19.9%. ZrHT 12 Y KHLIGRAEMLI PIDI_rh, 8 ¥ KALES R ARV /NS B /K S48 bR PIDI_rh Jy1EAE, P
BER AL R IEROR, /NI R 20y 0~58.3%, Horfr, /N IR FIEH] 0~10%. 10%~20%. 20%~30%. 30%-~
40%. 40%-58.3%FI/EMV AL I 4 IRW 2 % 0k 1R 1iRks 3 IRCKHUEREAE AL (/NS B 7K B 467 PIDI
_rh oGl RIBER VR SO, AN 3 N-37.5%~0; 1 VIR KL BV (/N K B4 AR PIDI_r
h v 0{H. 3@idxttL PIDI A PIDI_rh 7] W, BIEAME HIEASBIERE, 2 8Bk 5 1 =W S 408
AL B BN TR K AR

30% - b s a0 10% 743’/ 60% - 58.3%
al)2, s% | (a2) 3.2% (a3)
20% 40% -
10% - 20% -+
3.9% 4.7% 4.6% °1%
0% - 0% -
10% J 20% | 165% 509, J-11.3%
60% 1 s2.8%  20% 1 20% o.0% (a6) 12.5%
(ad) (a5) 11.3% 10% - 8.2% 8.2%
40% - 10% - 1.8%
0% -1
25.4% .
22.7%23-2% 19.9% \
20% - 0% - -10% Y
-12.5%
-20%
0% - -10% -+
-30%
15,80, 143%
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20% - 10% -~ 20%
(a7) 12.0% (a8) (a9)
10% - 5% | 107%  119%
2.3% 2.6% 1.5% 10% -
0.8% -
0% .00 515 7.1%
0% -
-10% - -0.2% 0.5% 1.1%
0% -
50 -
-20% 5%
-22.6%
-30% - -10% - -10% -
10% - 5.4% 4.0% 20% 17.9% 40% -
(a10) 3% . (a12) 33.3%
0% - 10% - 30% -
-10% 5.2 20% -
0% -+
-20% - 10% -
10% 0.0%
-30% 10% 0% -
-40% - 37.5% -20% 4 15:6% -16.7%  -10% - -6.3% -5.4% “+1%
PIDI_ttop  PIDI_dBZ PIDI_230dBZ  PIDI_VIL PIDI PIDI_rh

K5 WIAAEI I FLRS 56 % T5 br PIDI M2 454453 PIDI(al-a12) (PIDI AL X N 4L 51 ¥ PIDI_ttop. PIDI_dBZ. P
IDI >30dBZ. PIDI_VIL IifaHrF- AL 5)
Fig.5 PIDI; of each indicator and comprehensive index PIDI of physical inspection of night cases (al-al2) (PIDI represent
s the average change rate of PIDI_ttop,PIDI_dBZ,PIDI >30dBZ,PIDI_VIL of influence area due to artificial catalysis)
4.33 PIDI LT

BN IESCRR 18 IGFAE A, 3L EXERI{ELA) PIDI_ttop. PIDI_dBZ, PIDI_>30dBZ. PIDI

_VIL WIEE (R 5), RISEMIX N THEASIRM ZTHRE . HE RS %, >30dBZ [mlpm i, B EH RS
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FKERIIEAME,; FHLL FHH/ELR PIDI_ref. PIDI_optn. PIDI_lwp A 6ifE, EPsZmiX A T 5]
B R FABCEE R BUKHAERI B T, ST B AR IEBEREE, A
TAEA B 2 BB = TR T ke s, BD =T R 2 T B s N A 51 e 2 BRI R 20 & S i 56
P H RS KR REINGES . NTHESESHBIEVMZRFAERCER. SRR BUKEER R
. DL SR HEHZIT 7T 18 REA IERCR I WIS IR, St S & B2 KEREA

e H RS ESKE. BUKBERARIE S KEN YR, ERRERBHE BZHERESE, i
FEFH, B#ERRRASKSEENELS 5, Rk R 5 E T B sS sAKAE, Hk
VTR S S 26 R 1R [l 2 IR K S BIAR SRR, B8 THA. EAKKEY&&E. msoKse
TENTDRERED R, FoRFAIIMRNRERTUKEE, PMYEBKEE. Fit, RNy
TR R EF R HEDNEAGAEERNEEER . Hoh, FikRk LRI EN RGREZE, W
gE RS E RN

#*5 BBEMRA 18 IEMIEL M EIIIEFR PIDI ESES T

Table5 Statistics of positive and negative values of PIDI; of 18 precipitation enhancement operations with

positive effects

PIDI_ PIDI_ PIDI_ PIDI_ PIDI_ PIDI_ PIDI_ PIDI_
A

ttop ref optn lwp dBz >30dBZ VIL rh

19 - - + + - + - +

20 - / / / + + + +

56 - / / / + + + +

58 + 0 0 0 +

65 + + + + +

67 - + +

69 + + + + +

72 4 / / / + + + +

73 + + +

75 - - + +

76 + / / - - +

78 + - + + +

79 + + - - + +

80 + / / / + - +

90 + + + + +

91 0 / / / - +

94 + / / / + + + +

101 0 / / / +
MR 1 1 2 2 10 1 10 /
FEAE L% 5 8 8 8 7 7 /
(RIER(RNI%3 2 1 0 0 1 0 /

TE: 47 FORBUEDNIEE, -7 FRoRBUERIUE, 17 R AMEGETEUE -

5 PIDI #8875 K E 7 EERLR KX EL T

LA 2017 £ 10 J 01 H WHUERE/FRAL (75 SAflk) 9l xFter#rdk T PIDIFEH0T % KBTI

MR RAGIR AR, 1Al PIDI R80T R R AT R BRI . —F i 7 R A& AR (R 6).
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XFEE PIDI 45505 & 1645 K (A0S (8 6.2), PIDI $UME A 7.7%, YRR A THEALSRE 7 15
FebR T2 %N 7.7%. K_ttop. K_ref. K optn. K _lwp. K_dBZ. K >30dBZ. K_VIL. K_rh BtiZ1kiE
B34 0.4-0.7. 0.3-1.7. 0.5-1.2. 0.2-1.1. 0.7-1.1. 0.4-1.4. 0.6-1.1, I NHFI/EALJE 3h S2m X 5 %) b X
MR ZRTFERCER. R BUKEE. A4 RH%E. >30dBZ ARG HA. 3 EHRRRES
IKEHAENT 0.2-1.7 Z [0, 4RI ARSI, K EICVE R W SRR TER I B 1 SR .
Xf b PIDI_rh $8 505 /Nt K B K (AR IE S (] 6.0), PIDI_rh $fE 4 36.7%, Y NEZmIX N\ (L 5] #E
(B K BRI 2 N 36.7%. K_rh H1 3.6 3 %% 11.7, R RAIE LG 3h S0 X F0T b X ) /K & bL A Rk 8
WK o FET X AR 7V 13 W AR R 30 45 S LA — Bk

6 PIDI 737&5 KERENLE

Table6 Comparison of PIDI method and K value method

WA 0 77 HEARX LA RAEF X
PIDI; & GERW XN T AL B R SR bR A AL

PIDI #5071 WA= (10-11) %
o a7 Y PIDI B A T AL R T K e T TR A
A
K =§
K At 73 x B X550 L X () 5 AL {6 1

A RS X AR IE
B 5 L X R4 R AR ML I

40% A r2 40% 36.7%

PIDI (b) - 14
30% K_ttop 30% - 12
K_ref - 10
20% L1 K_optn 20% - 8 PIDI_rh
----- K_lwp -6 K_rh
10% fe==zzt’ K g7 7.7% ST | m-ee- K_dbz 10% -4
----- K_230dBZ 5
0% : ‘ : - y - 0 K_VIL 0% J . : : 0
0 0.5 1 1.5 2 25 3 0 1 2 3
Time/h Time/h

K6 2017 410 H 01 HIEFIfE PIDI Z5 518505 %48 bs K AEIXT EL(a); PIDI_rh f5 505/ Bk & K AL Ei(b) - (PIDI
FORFMA XN TAHEAL SIS 7 TSI Fa bR -F- 20284k 28 PIDI_rh Fon52m XN TAE AL 51 RS /N B /K AR 1L 25 K _ttop. K_re
f. K optn. K_lwp. K_dBZ. K >30dBZ. K_VIL. K_rh 7} JllZE R X 50 X P 2 WHRE . ZRTARCE T L EER
WoKER . HERSH . >30dBZ AR T H SRS SRR AN FE/K SO E e

Fig.6 Comparison of PIDI and K value of each index(a); comparison of PIDI_rh and K value of hourly precipitation of p
recipitation enhancement operation on October 1st, 2017. (PIDI represents the average change rate of the seven indexs of infl
uence area due to artificial catalysis;PIDI_rh represents the change rate of hourly precipitation of influence area due to artif
icial catalysis;K_ttop. K_ref, K_optn. K_lwp. K_dBZ. K >30dBZ. K_VIL. K_rh represent the ratio of cloud top temperatur
e,effective particle radius,optical thickness,liquid water path,combined reflectivity,>30dBZ echo area,vertical cumulative liquid

water content,hourly precipitation observed in the influence area to the contrast area,respectively)
6 5Tk
(1) WA 7 N TG RCR B PIDI SR EO7E, ZINERBAE T — RN 8 R
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APC SEHUE R ARV XS L DX, DA iR AR FEE s WA Ml A A 2 A S FL R K B B AR AR R oM — R SEEL B
KR TR bRER A TE, RS RN R % = B S BE N R Y YRR, ORI kSR
BERMZYBERM S, =R LB BRI 85 R I B AR AR 1, e Bh—A> B 7 B AR AU
ARG KR 2 PRI S A B A AR R

(2) A PIDIFRECTIERT 24 R KHUENEAT S AR B AG 3 . 85 5RO, SRE G HIEA (%
H 17 I CLETREAR D S80aAM CEHE 17 BRI kst R, A TIHEm LSRR L)E 3h
BT R A BRSO ERE . MUKER R, HE 3. >30dBZ RIS HA . T H RS EK
BT BRI bR T 2R 3.4%~19.6% . Fr bR ARG A 535 N-17.0%~30.4% - -17.6%6~3.8%- -8.7%~6.5%-
-19.8%~3.4%. -22.6%~32.8%. -23.9%~32.6%. -14.5%~23.2%. 24 K KHUIIIELF, 18 YR fE 51
M IERCR, /N R KE AL 0~58.3%. 6 I RIVR ML LRI AR, /N [ /K B A8 (1 #2-37.5%~0. £ i R
PRSI = B S B AW 8/ T F K AZ AL

(3) HAHEMIERCRA 18 IR, N TSR Z B =R 2T ma sy, B = TiE
Bz TR NTAEASTEZBIEA S o %, H RPRESEKEEMINESR: AN TMHELSI RS HE
W R AR R MUK RNES . DL R AT 7T 18 CRAT IERCR I WAL
MR, SETH PR T 5 2 KRR .

(4) XTELLA PIDIRE A K AR D7 i8ET 2017 4 10 [ 01 H WU RIS IR IISE R . X TRk E
BRI~ BA 8, —F 2RI T PIDI 8807 k66 [ N TAEAL 5 BT A A R Fe b1 1
AL

(5) FET PIDI J7iE M N 38 W RO B A 56 1 2 AR AN AERA 1 32 2 AR R 29 He—, FIRIXS EEIX
PRI PSR A IR N, B LU X e O I8 B A B, H B IR oA AR S 1R 2 i DR B
IR LI, SBWITCIRTE AR = KK B ARA R, fE— e R BRIk 127 iR i 1Y W RCR Y B A
Bai R K, mFEKERMRZEXA FE R R Y AR IS B AN FIRERE R . Eidn, Ry ARl fiE
WREEJERS, Mk IR EEIREE B ICiEHemh A SR I = h Rz K224, P4 —
SEVRZE s ARG DX BN DX R A I PR R I B0 5 R0 [ 98 15 2 o) ) PG, 56 45 TR A — 7 S
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