2017 4E 4540 % 45 5 1 .686-696

AABFFR

e

i http : //gk.nuist.edu.cn/dgkx

MAZR R SHENRZBASMERES ZEL I ER N

Fu AR EE

@© MEfEE TRERKY: KW B, LN B At 210044;

@ TLHEKEABE GG E SR AUH PO, 707 B At 210044

@ BB R BT I = Rk Y3 5 5 R R R L BB 100029
« It & A, E-mail ; niusj@ nuist.edu.cn

2016-10-12 Y5 ,2016-12-09 252
5 1SR 0 4 Y D9 H (41375138) 5 [ 5% (1 A B 0 4 7 45091 H (41530427)

WE AR 2009 4 A 18 B Z R CHKAEMNERREES = T4, 454 MICAPS # 4
MAA EFEL  LEARBEGETHF AEAR S ARTRK 54K R X6 Kok b, 2
TREREERRBASZOMEN B R g p#HTTEARRL, ER LKW .5 LH
(4800m £ ,3EZT 1700 m,¥E= %3000 m) BT & F KHEH0a bk, ZE5RE
BERAR; m EIHFAXBRZRBERKTARBEZR2 C,REAEASRESHARY, R
KA LS g/m FFr£A04gym’ MmEEZRAKERKMFFFELS>HNA 0.6 g/m’
F20.15 g/m’ , RERFEER N ZFHIEEMEAZNH A 25 um F2 15 um, = iF KK E
#FE LA A 107 ecm 7 2 10" em ™, AL E @ T, LR BE AR A 4 800 m B A I 3|
FAXBRERXRGBEAAE ATHMAI AR ZEZNERIR BALE1ThAFR
GWH 7% % E 13%, = P RESKEHFER S AATH Y45, EWHE 10 min 5
20min =P A KEHRRMH»ANA 1.0 g/m’ # 1.5 ¢/m’, FFEZ# 0.3 g¢/m’ o
0.15g/m’, Rt 5 RAW K HEZRAAMp TR, ZHELEE, G R HMkHH
WEAEmIER  EZXOFPTFTENS EEEALY MM ZABEREZK,10 min RiZEEK

KR
ZHERASIR M
BEARA =,
=REM,

TEAC 4 22 vy L

REREY K, ZAAKMETFREAM—1 ANEEAZRA LD TIE.

AR ZE A RE T, B AT B RR, T
R KRFEFE Fadk b T & PE A A PR, WER 1 7 5 1k
IRAIIR A Mk (#8272 R 55,2013) . ERURG &
T EAC T F R K = & WF TSR R R K AL
i A 5 S N T8 R A Ol B R A A R (A AR
75,2012) ,

s A [ 25 (2007 ) F 3 4 55 (2010) 2 73 A b 5
L KRR & = R, 14 8 = WA AR 5~9
wm 200 pm F1 400 ~1 000 wm )z F [ K B0 1N
E, P EKEIEALLTF 0.1~0.2 g/m’ §{i f ; Zhao
and Lei(2014) 43 #7114 L X 2 BUR A& = 19 CHLIR
BT RE R I 2T 5 0K AR BE A TE RO G K & IR 4R

th gamma 43 A 400G 2 i R DK R B O B 73
e ZRAEGE 0. 965 2% Hi 415 45 (20092, 2009b ) T A F
FRIE PR LXK )ZBIR G =, LK IXR = h J H 2
Rz AR W% KR ARE & fE 6 & R 4Ry T2
UB4F (2010) S 4 SC#E 45 (2005 ) ¥ & 8L R HLAE B K
PEZ T 2 rp o TR B, 23 PR K B R T ok B R
TR AR AT & A 9 B K R BR AR 5 A% T I S
(2010) F— 4k )24k = 43 R4 A58 2CAE 40035 MRl — Ik %
KERB A, KR =2 (K2 R K2 g
J2) X REK B BTk 43 0 R 3. 5% (38. 5% Fl 58% ; Niu
et al.(2009) X rfr [ 2 T 5 5 Byl 77 5 X | 25 Y B
KR BUR A = BT IR AR ST, & BRE [ 7K 2R 1) 34

20161012002. (in Chinese) .

IR £, A4, B, 2017 0 F =28 RHLIE & S0 GO BT 2 BUR & = AL 3800, [ ] R R 24l ,40(5) :686-696.
Wang Y ,Niu S J,Lei H C,2017.An examination of the microphysical responses to aircraft seeding of stratiform clouds with embedded

convection using the joint observational data of three aircrafts[J].Trans Atmos Sci,40(5) :686-696.doi; 10. 13878/j. cnki. dqgkxxb.




FI6, 4 M = BB & R0 SR Br 2 BUR & 2 1049 51280 it

I, )2 2 DX IR i 328 9 8 2 T AR 2 DX T R O 2 9 o
p A O O U O R NI 7 N 1 B W
(KWAIJEX) H % 3 ( Yuter et al., 2005 ; Blossey et
al.,2007) , BUir iV E R K R RIANZRIREG =
W BEAKRRAE I = X RN IKZ A = 2L,
M2z K& 244 12T 25 80 Bukovéic
et al. (2015) fif F] — 2 7 & Il 5 71 (2DVD) k4l , i
L A3 AT R T AR B BE i X 43 )2 s KB & X
7K ;Evans et al. (2010) ¥ 45 A =00k it 844 b i
SAKER-JILHABZD®m—DER, E—E LT
UL 3 SE L N D WA S A T I (1) [
20% ~35% K i, IAE M TR SRR AZ X

N TR ETUR G = 5 75 WO S5 14 181 22 47 ) i
PRI, 2009 4EF TR INPEH N TR RPN EKS
rh [ R 2 e R BT S BT X AR AL X s R AR
B o RMATARWZ OISR . 5k A0 [ 55 (2011)
WX O ST A IR A 4 18 HANBIRY
T K BEY) R o A, DL e TAR
rh ]2 KRS R BT IS R AL 5 R R SR AE B (2014)
T T = R OKEIEAR e A S R R BRI
B AL E R i A SO K 2 2R
FIR AP (2011) ff FH = T )22 (4 800 m) K ALK
MR, LB S =K S FEAL—2F B T F R
i, AR T ARG 126 L7 R & 21,1 L1548
JEEESF (2013) ffi ] C e Be ik [l e e okt , e i A Ml
S DX AN b DXR A8 Al 30 00 A AL BOR , 75 1 Ik
KT G Sy 120% ~ 180% 5 b F1 % i€ 7 (2011)
LR A A #827 B(2015) ¥ ] WRE A 5 17 464
L, 85 3R W], WRF A5 0] DL O 3 B 400 1 I = &
4 E 3K TR R R K 3 A AL, HZ BUR & & A UAE
2 XA R — b2 AL, BUE R o O R T RE
H G PRI AL, 1 B AT DA K AR )2 = 5 R 2 ] AL
THESC R

EFE 2009 4F 4 J1 18 H = HLIKE A H800 5 R} BF 5
JEBUR G = Tl 8 3 B 00 A KA A ) B0V, 78 )2
BIRG = B T AL R AR AL S, 20 i = B3 i
T PR AR T 7 A 1) 0 BRSO
1 ZRRELTZE

PR 3 30 2 7E T b sk 28 1 b XOJF iy, =22 °%
BLo3 S AE AN TR) o BE X 2= 28 HEAT 4RI, 2 - N 58 2
R (2014) 40 40 T = SR80 CHL BT A Y iy 3
AR & RS AER AR L BT X HE AT T RGEhRE o
King-LWC #4Zk & /K & A% 11 57 == b 38 & /K 5 19

i, o PR RS K AR B B R L CDP (i
H2~50 wm) 5 &S BB Tk CAS (H R
0.6~50 wm) MAFH = MHIE A H, 0 CREZ
ZEW P REKEMRY zKES o Kt King-
LWC I 2 A 7K &5 &, T FSSP (i 1] 5 % 3
Bk, @A R 2~47 pm) .CDP CAS %53 i 43k 11
BRI K RN IZ RN oK RS o KR A

5 AL AR 1 B AT 3625 KL 20 A Agl
AR BE R , T I 45 (2006 ) X I 4T P 40 A 24,
BAETE BS-1 RUHLER MU AR AR & A 25 1 3L Al b 3R 17
HE P T RATE AL HR O % N A ) A, ok
AR A b b 507 F 5K 5 00 PG A6, 1 b B[R]
17:12 2 18:03 (b mtat ], N [F) , /b = Bk 4 800
m % 5 100 m, {3 F 2 )2 0 o 15, A R H AR
MALER G 45 B ARG A E Ol 1 080 g, Agl & &
11 g, f6-7.5 CH|E T, %%k 107 g7,

Agl R RN B, -6 C ~-10 C &M%
™ Agl KA BEEAZALIE BLUK &, 2 UKL, Wi B
BRI ol B s RS Gk mREAL, X
¥ 25 MU WA 5 K ik R AV AT R Ay 0 30 e o 7 X
B — TR AR

ARSCHTR ) LA = A6 & HARTE 2~50
pm Bk T RRE R T 4T 10 eom ™ 8 E HiE K
F 100 pm R T BB ERTFEF 0L,

2 ZERERUMEEIR

2.1 mREE

XFERIN Y H B R 5 Ms RBERHIEC A
Y43 B (oA [ 55, 20115 28 JE 85 45, 2013 5 2Kk -+ i Al
2R ,2014,2015) , DEAZKE(E D) BAaENX =
REZ BB B R RV 0 AR A, =
F Kk 300 km, 552 30 km, = R [ PG A R R
Bl R F RS TR R KR E 2 R
6.5 K/km, & VAR B R R)2 458 T2 =
(AN S NCIE A3 Sk N R AR S SR A L
[l X, fie K o] 38 5 B 24 50 dBz, EL Bl = X & 10
~20 dBz; KK AR WL 75 24 H 24 h BEoK &
5 6.7 mm,

I R T T R L 3 S W 2 )2 5 A, DA R
J& 84% ~87% VEhy 18 {1 F1 Wt = )23 (Jd i 2 A W 2
2010) . MR BE & F 0 C, KK A MK IR E T
FERHE BE 24 AR T 0 C I, 432 18 K 1 1 Fn K 95
TPEARXHRE , WE 2 iR, kX Ol LSRR A
T0 5 B 2 R AE 6 500 m, S 2 JES 15 38 Il Ao ) 2% 347 e

687



ALHEFIR 2017497 405 H 5

9°E 100°E  110°E  120°E
7

Bl 1 2009 4 4 H 18 H 500 hPa R L H 5 FY-2C & & (# LR H X 50)

R o -
9°E 100°E  110°E  120°E
7

2.08 i} ;b.20 B}

Fig.1 Synoptic weather background at 500 hPa with an FY-2C infrared cloud image,on April 18,2009
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Fig.3 Flight paths of the three aircraft on April 18,2009
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Table 2 Distribution of the microphysical parameters in the cloud at different times:top,middle,and bottom sections of the cloud
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Evolution of the microphysical structure of the cloud observed by the three aircrafts on April 18,2009 a,d,g,j.liquid

content of the cloud;b,e,h,k.clouddrop concentration;c,f,i,l.raindrop concentration
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L1(17:40-17.45) 12 554 64 55 0.022 8
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An examination of the microphysical responses to aircraft seeding of strati-
form clouds with embedded convection using the joint observational data
of three aircrafts

WANG Yuan' ,NIU Shengji'">, LEI Hengch’
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*Key Laboratory of Cloud-Precipitation Physics and Severe Storms, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing

100029 , China

In this research study,the microphysical responses of stratiform clouds on April 18,2009 were studied by an-
alyzing the observational data of three aircrafts.On the basis of distinguishing between the natural and seeded
clouds, the observations from radar, satellite ,and ground-based sites, together with MICAPS reanalysis, were used.

The results indicated that the upper part of the cloud at approximately 4,800 m( 1,700 m under the cloud top,and

695



ALBEFI 201744908 H40% H5W

3,000 m above the cloud base) was the strongest part, with the majority of the subcooled water accumulated
within this section.It was observed that the embedded cumulus section maintained a temperature measuring 2 C
lower than that of the stratus cloud at the same altitude.Even though the liquid water concentration in the cumulus
section were observed to vary greatly ,the maximum value of the liquid water concentration was determined to be
1.5 g/m’, with a standard deviation of 0. 4 g/m’.The maximum liquid water concentration ,and its standard devi-
ation in the stratus area,were 0. 6 and 0. 15 g/m” respectively.The peak diameters of the cloud droplet spectra in
the cumulus and stratus sections were determined to be 25 and 15 um,respectively.Also,differences existed in the
cloud drop concentrations, with10” cm ™ in the cumulus section,and 10" cm ™’ in the stratus section.

In regard to the seeded clouds,the observations revealed a response in the cumulus section at 4,800 m.The
artificial Agl which was released in the cloud caused a dissipation in the top portion of the cloud, which resulted
in a decrease in the proportion of the cloud’s area from 71% to 13%.The liquid water in the cloud was con-
sumed ,and tended to fit an equal distribution. Then, at 10 and 20 minutes after the Agl release, the maximum
cloud liquid water concentrations were observed to drop to 1.0 and 1.5 g/m’ , respectively , and their correspond-
ing standard deviationswere 0.3 and 0. 15 g/m’ , respectively.Also, the riming and cohering effects were found to
be the major microphysics processes in the ice phase.The cloud droplet spectrum was first narrowed, and then
widened,due to the H-M ice crystal proliferation mechanism.It was found that the cloud became vigorous below
the top section due to the catalytic process which occurred in that region.Furthermore, within 10 minutes, it was
observed that the cloud’s range increased significantly from top to bottom, with the cloud droplets and ice crystals

enlarging horizontally to double their original size.

joint observational data of three aircrafts;stratiform clouds with embedded convection ;cloud microphysical

parameter ; microphysical responses to cloud seeding
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