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Numerical Simulation of Two Aircraft Rain Enhancement Operation
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Abstract: Using the GRAPES model which incorporates a new two-moment microphysical scheme, two
aircraft artificial precipitation processes that happened in Chongging on 15 December 2010 are simulated
and analyzed. The results show that GRAPES model is able to simulate the real synoptic situation of medi-
um, the precipitation area is credibility, but the intensity is small. Seeding simulation has good correspon-
dence with the observed rainfall in heavier precipitation areas. Seeding twice leads to the increasing of pre-
cipitation, the 24 h average enhancement rainfall is 3—5 mm and the maximum amount is 7 mm. The 24 h
accumulative total precipitation of seeding is double times than no seeding in seeding area. Obvious en-
hancement result is seen in 1—2 hours after seeding, and the rain enhancement continues about 4 hours.
At the beginning the area of enhancement is the same as the seeding area, spreading near the seeding area
with the time. After the first seeding, the liquid water is quickly transformed into solid water by seeding
ice crystal, and the vapor inflow accelerates changing into liquid water, so the liquid water quickly restore.
There is no rain reduced. After the second seeding, the solid water increases by vapor transforming, the
supplement of liquid water is poor, the ascending motion of clouds decreases, and the rainfall is reduced at
the stage of natural precipitation.

Key words: aircraft rain enhancement, numerical simulation, effect evaluation

* ERIHTRE AL IR H (ywgg201207) ¥ )
2012 4 12 A 25 HYeRE: 20134 9 A 17 BB &M
S —AEE BN BTN F SRR Y BB BRI T . Email: civillegend@163. com



A

314

% 5540 %

15

N T HEW R 238 N TG = 7k & A 1 Ar
b s — & N T HE T 52 5 25 PN S 3 e A s b 7
L RO 3 R A ) AR Ak s R N T T R e T S
RBEK R AR 2 (R 45,1982) . Z4EK LT
AN 38 RRAE 58 R A Ay O e i) BTS2 X T
8RR AR 1 DA R 36 ORI D4, 2005) . HAT S A
IR AR R I AL, R TR R R
AN A g0 B Al b i Bl AL S AR BE LR GE A
5 F0 ) BRAG 56, LA B R AT [k 1 X R OK = R 2 K
[ SR 78 26 Wy 30N 48 1A 3 (22 K 1L 4%, 20025 7™
KA 20015 856 ,1999) . X A AR I A 1
i AR TR A I [B] FNAL 22 110 28 9%, T A1 37 1k 5 4 A
) B[] G S R 2 oy 2 G TR 1 22 12 78 AR 5 T LA
BN TE 2R AT A OR300 A0 Bt 18Ry — Fif
BT B

VAR A b ROBE AR A e E R AR
JERE P I ATEA 1 2= B K U B 5 28 il AN
HAHAR KRG GE 1. T H ik GE WIS 7EA 6] R
KRG T o B AR 2 8 B4 Bk Ok 8 2 1 A
R BRI 2 . BN A — 2 3 R
FH b ROBEBE B R 2= 43 % 7 SR AR 45 6 1 J7 =KL X
I = (Meyers et al, 19955 BE/NHEE, 2007 5 9) 54
%,2009) W ZE R o R L H B %,2008; 7 F NI
5,200 St (R %, 201 D k1T =5 R 45 13
RN LA DEFR A5 T — 26 B X E5e X
WFIE = R BEIKPE T 36 2 1 AR R 7 T 32t T 4%

—_ 0 W R N

90 96 102 108 114

120°E

KI5 B

BT ZRAE (2006) 5 5 N T ARl 5 A7 A
PLIE R R B TR G A A F == Em Tz .
PRI 8 a8 25 2 O 2% 47 0L D00 1y Ti) Bsf s 22 4 531
SO AR T2 B R R AR K R 1 W i
L AR B B4 2 [ K B30 ASE 400 T A e 2% 1 S ke e 7K 2R
G 8 I RK RS EMRE ) . AR HE RS
Hr. GRAPES b 55 8 20 5 1R & A0 XS i vy 1
Jr g (bl %, 2009 BR /N 0S8, 20115 46 A 46,
2011) X F PR — IR A 25 2 R XL T o A AT
PEBEINTE AL 8478 18 X 38 2 Hp 7K 7 9 R i B () ) 78
FEEAT X EE AT - FEIF 5T T 38 300 X R A 3 i B
B 7 % 15 TR R A AL AT IS 0 B 25 0 A R

1 RAIEH LI TR B

L1 RSEEEZH

I VR K el P 2 25 A o | 3 R v A AR A D)1
F AR L PR IC A R IS A ST A A 1Y TS R K
R . la i 15 H 08 Bf KL .15 H
08 B 500 hPa i JE #7E v & B oy — 1 — % 2, A
e V4 g 8 5 DU )1 A 1 7R R B & e A — I L
PR Ak ¥ 48 VS R AR P L 700 hPa b, 253 4R AL B
AHABETEE A TR VHA — VAL (IR A5
PERTIROD » 25 i A5 350 22 5 1 210 0 B o A S A e K 2
AW AERRTE 12 moe s LA b O IR K G R R it
T 38R W AR ER VTR T 20 2200 18 %%
PE#F )15 H 200,500 hPa b AR Al 45 7 . 8 JC

33.5°N

104 106 108 110 112°E

B 1 (a) 20104F 12 A 15 H 08 B 3L AL 500 hPa & & 3 (B4 : dagpm) 700 hPa K37 (B fii:m » s™1)
FHIBS HE), (b) 24 h FEASZH (A7 . mm)

Fig. 1

(a) Synoptic situation of 500 hPa height (unit: dagpm), 700 hPa wind (unit; m * s ') and

specific humidity (shaded) at 08:00 BT 15 December 2010; (b) the 24 h observed rainfall (unit; mm)
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Fig. 3 Radar reflectivity at 1. 5° elevation at different times

(b)

(a)

4 a3 R 2 0 v T 22 S b T A o e D
() b —idb el B, (b) frdb—ERGVE L B
Fig. 4 Vertical profiles of reflectivity factors from 11:00—13.:00 BT

(left: north, right: south)




318 A, % 40 %
8
7
6
5
4
3
2
1
90 96 102 108 114 120°E 104 106 108 110 112°E
Bl 5 [ &1 (R AR R SR 3R FE K
Fig. 5 Same as Fig. 1, but for simulated synoptic situation and rainfall
30.9°N
2.3 fE4L XS i E P& 7K &2
30.3
2.3.1 24 h K%L
29.7 K7 25 15 T JE VR b J5 M T R K AR Ak T T LUE
HE o A US4 AR DX St T R KA B G L AR R
29.1 — fere = X R 2 1y -
LCREHUG 5 — AT Ta) , 38 TR 11 F6] 45 46 H0 [
28.5 W o 7 B A O AR R i R IR IXC O BT A DX

105.3 105.9 106.5 107.1

[ s w R VR OE 022
[line 1o #f UM 52 L 25 5 Kk ] R 5 6 1) 1120, 45
I E] 1155, 70 i S RERS A1 300 A « L1kl B i
550 hPa(# 5000 m) ;line 2.2 #% s BE 11 . 45 4O KL L 1%
Bif i) 15: 10, 25 5 ) 16.:50, 71 5k B4 £ 200 4~ « L1
VK FE R 600 hPa(#y 4500 m) ]

107.7°E

Fig. 6 Simulated seeding line

®1 HEREYFRERIT

Table 1 Scheme design of seeding simulation
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Fig. 8 The hourly rainfall change after experiments 1 and 2
(a) 12:00—13:00 BT, (b) 13:00—14.00 BT, (c¢) 14:00—15:00 BT, (d) 15:00—16.:00 BT, (e) 16:00—17:00 BT,
() 17:00—18.00 BT, (g) 18:00—19:00 BT, (h) 19:00—20.:00 BT, (i) 21:00—22.:00 BT, (j) 22:00—23:00 BT,
(k) 23:00—00:00 BT, (1) 00:00—01:00 BT
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Fig. 9 Characteristic changes of seeding region water resources in clouds Cunit: kg)

(a) hourly changes of total column water vapor, (b) hourly changes of hourly column water vapor,

(¢) hourly changes of total liquid water, (d) hourly changes of hourly liquid water,

(e) hourly changes of total solid water, (f) hourly changes of hourly solid water
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Fig. 10 Temporal and spatial distributions of microphysical amount and hourly rainfall
at Shapingba Station (57516) and Banan Station (57518)
(a) no seeding at Shapingba Station, (b) no seeding at Banan Station, (c¢) experiment 1 at Shapingba Station,
(d) experiment 2 at Banan Station, (e) experiments 1 and 2 at Shapingba Station, ({) experiments 1 and 2 at Banan Station
[Shade is vertical velocity, unit; m « s~ '; purple short broken line is horizontal wind speed; red point line is the position of 0C, —10C

and —20C; blue line is liquid water (cloud water + rain water, unit: g+ kg~ '); orange line is solid water (ice +snow +graupel,

1 1

unit; g« kg ') ; black broken line is ice number concentration, unit; L.~ !; orange bar chart is hourly rainfall, unit; mm]
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Fig. 11

Hourly observed rainfall at Shapingba Station (a)

and Banan Station (b)
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