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Abstract With the polar-orbit satellite retrieval methodologies developed by D. Rosenfeld, taking the rainstorm occurred in the
northern part of Shaanxi on 2 July 2006 as an example, the particle effective radii (R.) and the temperature at the cloud top
were retrieved. The developing process of convective cloud clusters in this rainstorm was analyzed by comparing with their size,
the temperature and the number of convective cells based on the two different satellite observations for a same cloud cluster.
Convective cloud clusters of the rainstorm were characterized by coexistence of multiple convective cells with their numbers and
sizes increased greatly for the fully developing cloud clusters. According to the different cloud types of convective clouds, layer
clouds, super-cooled water clouds and low level clouds (not covered by high clouds) occurred in this rainstorm, 9 study areas
representing the 4 typical cloud types were chosen to analyze the microphysical properties and vertical structure via the temperature
versus effective radii (T-R,) relation. The analyses show that the cloud cluster caused the rainstorm were composed of various clouds of
different heights. Among them the height of low level clouds was rather low with their cloud top temperature rather high, ranging from
0 to —10°C. The height of layer clouds was higher than that of low level clouds with their cloud top temperature ranging from — 10 to
—20C, and their R, varying from 10 to 20 pm. There existed some sheets of super-cooled water clouds among the layer clouds with
R. of about 10 pm. The clouds of larger height were convective ones which are mosaicked in or developing above the systematic layer
clouds with its minimum temperature reached —80C. There existed a deep zone of diffusional droplet growth from the cloud base to
the level of 0'C with their R. of about 5 =10 pum, and also a thinner zone of droplet coalescence growth from 0 to —10°C levels with R.
of 13—15 pm to 20 — 25 pm. The zone with both the mixed phase and glaciation zones covered was very great, which suggested that
the predominant microphysical process was ice growth during the development of convective cloud clusters. With the gradual develop-
ment of these clouds, the mixed phase zone become thinner and the ice phase zone become thicker with the crystallization temperature
raising and the level lowering, suggesting that the glaciation zone propagated down with the glaciation processes extended dramatically
to the lower levels from the development to the mature stage.

Key words Rainstorm, Vertical microstructure of clouds, Satellite retrieval, Temperature versus effective radii relation
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Fig. 3 Doppler radar reflectivities at Yanan station at 13: 42 BST 2 July 2006;

(a) the composite reflectivity, (b) the cross section of the reflectivity along the black line marked in (a)
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Fig.4 Infrared images of FY-2C stationary satellite at (a) 14:00, (b)15.:30, (¢) 16:30, and (d) 17.30 BST; A,

B, and C stand for the convective cloud clusters caused a rainstorm in the northern part of Shaanxi on 2 July 2006

K5 200647 H 2 H 13 Hf 46 43 NOAA-18(a) 1 15 B} 21 4» NOAA-16 (b) L2 RGB & K%
(Ho A B C Xtz B A 1k TR 2040 2 B v 59 % 35 25 B ARG A A B0 1
XA = Py AR AE A3 DX I, TR A TRk Oy R )
Fig. 5 RGB composite images of NOAA-18 overpassed at 13:46 BST (a) and NOAA-16 overpassed at
15:21 BST (b) on 2 July 2006; A, B, and C stand for the convective cloud clusters corresponding to those
on the FY-2C stationary satellite images,the number-marked areas stands for the typical cloud areas of study



# . — KRR = e B AR A TR R 0

=

N T oA 2R F O AR A5 A s B ) BRRRAE 2y
FEEFEE 5a.5b g X 1.2.3 FRFX T = H A,
B.C, Kl ba i X 4.5 ARz A S
P X 6.7 K E = X 8.9 AR TR K
m(Zad), #alx 9 MUK E ST B & &R
PR s RS Gt K a4 R S B
Py RRAE
4.2 EWzBEMERE

SR U N W=D Gl [ B i 7 N i N Y O Ol = T
DTz kg, HE S fximzsi AB
CXF a0 #r . v] LA 13 15 46 43 = B A 1A
BT (37.01°N, 106. 18°E) , KP4 K £ 145 km, 7§
JLTELy 60 km, = WRARFEE N — 75 C, FIHRCKES
A8 T8 R — 50— —60 C; = HF B i fii & F
(35.14°N, 107. 98°E) . KPGK £y 50 km, FFdt 544
42 km, = M0 N — 58 Ci = [ C .o
{7 F(36.41°N, 109. 32°E) , Fdt Ky 71 km., &K
o) AT km, = ALY — 64 C. a4 N
EEZ S —40 C,

15 w21 4. = B A B H 0 B AT
(36.82°N, 106.87°E) , R P4+ £ 145 km, F§ILTEL
125 km, 5 13 i} 46 s #H L, BEdL M KT 1 /5 2.
HUGALE AR RS 7 M 8 T 48 km, = AT K A i
ZO 433k 107.50°E, RE B ABRPEBE N . HL# A
5a.5b i A = AT LA H % it SR 4 ) B 4 13 1
46 N EZ, HBEZMAMBEARKE, T 2 — 60—
—70 CH=BIoTAH W B, X U BZ = B EAL T
E RS K I A 2 X B =K BT R T i
2 P R 3 R = T T s 2 00 B P AR

= A1 B i spoe B A F (35, 10°N, 107, 92°E) ,
H1 13 B 46 23 FH H 7 B SEA A AR Ak i & R AE
B TR AR S Gk — 80 CL /R PG K2 88 km, it
P 2 80 km . 78 7R V4 A1 R b 7 ) 43 3 T3 80 %%
M 90% .16 WG = Al A B ER—i (& 40) . p
ROBER BN o REE =L BB T 55 3 B By 2
M. =B C Ry 7 &6 F(36. 27°N, 110. 14°E) ,
ALK 2 85 km, AR PEFE2Y 50 km, K/NEA K EW]
B ARE AR RS A D [ 3G T 20 %0, o A B AR
T2 AR BT R 1 DX A R K DN Ik T

393

REIG EF % BT 16 1 30 40 5 # H B 76 55 4
(K 4c).,

ZE BRI, (DX = H A il B Z 3R A B
B AT L R, s A BIREREEZE S
Pl WOy = W O R RN R = R S N
B, = MR ELEr AL 7 B3R T 1452, m AR
MBS BRI RO (2 ZH BERS
P2 2 2 BARRR J % I RE B . ZE R b 7 1) b3 K
T 14516 B = H A B S —&. d g R
RIBA o HRE = BB B T 5 3 BB 2 W s
(D =W CHEATE . K/NEAH KA B M2 1L, L
FERGIL T M T 20% R B AR T 1,
T T AL 2 DL AR b X R K % s B AE 16 1 30 43
e B BT .
4.3 AREBRYIBFE

T —R. EATLLT f# 2 A 6 B R A AN 2R B
g5y, 13 I 46 4301 15 I 21 43 %3 = B A B #i1 C
X 1.2.3 1) T-R. B (& 6) h A A7 i 0 IR
(o (O RS TRLL R A R R 100,
25%.50%.75% .90 %0 FEAC 1 R. B I B 1) A5 1k
LEM BRI T R m B IR OO
AN EJRERE L A AT LASE 5001 T-R. &%k =
1R B (AR B

B 6 AT L. (1) — 10 C UL FAEAE— D IRIER
VKAHIE A GO TR A A K F ke KA . = 19
FR T<<-60 C.HH T<<—-80 C, 5545 Hlf I 14
K FEAH H, PKARSE KA 2R 2. IR G A K
(=10—-30 C2) R. P, R 5 R fa
AR U B VKK e Al ot R A bR . 3R W AE X IR = Y
R JE R KA BN A m Y R . (2 7E[F]
— e BE E 15 B 21 430 R, L 13 B 46 432K bl
R R AR HE A e JE AR Ak B (UK
A 18 1 B 1 R ) 32 T AR AU T R T S vk Ak
KA. 13 B 46 4y = H A (IR A A3 KAy 5
F—-10—-28 C,BFICH—12——-40C,15 i} 21
Bl A RR G MR EE Ny -11—-20C,B
H-12—-32 C,CH—-15—-25 C, FIIEX
= W K B B o B o KA KA 7R R A, &
KA IS K AR 1) T AR s ] R



394

Acta Meteorologica Sinica S %24 2010,68(3)

=70

—60

=50

&~ —40

=30

—20

R

[T, R S

ol

K6 131} 46 43 (a.b.c) il 15 if 21 43 (d.e D =B AB A C X 1(a.d) . 2(b,e) . 3(c. DI T-R. /34
(B A N Ze A IR R B (8 SR IR AL (2R 43l R
1096.25% .50 % .75% .90 % (A7 BOREA BT R, BEIRLEE i 28 16 lh 400
Fig.6 Temperature (T) versus R, relations for the convective cloud clusters A, B, and C in

the study areas 1(a and d), 2 (b and e) and 3 (c and ) marked in Fig. 5a at 13.:46

and in Fig. 5b at 15:21 BST, respectively (The curves of blue, green, black, brown and red

indicate the variations of R. with temperature for 10% ., 25% . 50% . 75% and 90% available samples, respectively)

B 7 AR X 4.5 1) T-R. B . HEA AR
25 M3 50 1 o o B A DA XIS 4 M B, 8206 = 1%
LT HRHO—=-10 C.19% K T>0 C, T>0 C
R. 2} 510 pm, B 55 5 2 12 16 K £ 1213 pm fft
UL UEBY B ABEZE K O . A 0—— 10 C LRI IF
WK ER 13 pm ZE 4K H) 2025 pm, 7E
IR B R 3G B B bR, R B IR RE 7 Ak 9 R 32 A
HBE 25K L FR M RPRELR, X I 4 Rl IR R By
FEAE— B R A ARG H A TR K

l 5a iy X4k 6 F1 7 R RGMEE = 3L TR,
Sy AR E 8a #1 8b i, JE2 A T iy —10—-20 C,

Xk 6 H T —-11—-19 CHEItE 89% . Hd i
BY%HN-12—-16 C; R 7 T H-11—-19 C
M TE A7 8876, WHIXIRES 50261 R. A 15 pm 2247,
2 T00 S G e AR TR A ARG K 7

FEaHiE &A% K s (B ba Hi Xk 8 A
D MFERKE T = R 53 A B CEBO W] LUE S
BIKza R H 10 pm AiAy, EE LG K TR,
Xk 8 /Ka T h—-6—-14 C.70% nif i
HrE - 8- 12 C, @y 55% &b F - 10—
-11C., KO Ka T H-17—-23 C. kK
W 4E R E 20— - 21 C,



# . — KRR = e B AR A TR R 0

-20 ‘
-15

—10

395

-15 T

0 5 10 15 20 25 30 35

7 X4 5 TR, 431
Fig.7 As in Fig. 6 but for the study areas 4 (a) and 5 (b) marked in Fig. 5a

-25 ‘

-30 ;
o)

8 HELHHXE 6(M 7Oy T-R. 40
Fig.8 As in Fig. 6 but for the study areas 6 (a) and 7 (b) marked in Fig. ba

MLL E Rl (DM R E 0 C A fE7E—
NREREELS KW R 510 pm; (2) 0—
—10 CHAE— IR RN 13 pm 24735 K
F) 20—25 pm HHLEE/N TR KW (D E o
T %% -10—-20 C,R. £H 10—20 ym. EJE =
HEABEZHEYRIKE; (4) —10 CLL EHFE—1
TR R DK AH IS KAl 36 BITAE XTI 2= H A e 283
VKA K R IR s S R . RS = B A

J IR A ARG H R AR KA K s R L e A
T B T e g R ARG 2 WL 0 0L 2 AT 114 i 30
(3 A KA A A T A5 5 P ok K i A )
TEEW

5 & ik

AR SR PR T L 3R 25 B B4 O
Wi BT 2 OB T RO % 245 F 280 i Xt



396

7] — 8 3 25 T AR B 10 BB 47 T 3 1 5 A1
K J it B 90 4 T AL 2006 4F 7 1 2 R
0 25 0 B T B 7 L B4

(1) . Y B e 0 25 b 85 R ) 0 25 4L
B 7 i A 00RO B R KA T 0
~10 C. % K B B A% 2 2 TR B - 10—
~20 C BT RCERRLE 1020 pm. 45 RS MR
SR B E Wk E BT A BCE B AE 10
e J A 5 85 HE B 0 25 Sh X I 2 VAT B
ERGMEZ LR F R R 2 ORI
HE3AE] - 80 C AT s

(2 HE B % JE 0T 1 32 6 25 A 2 B 45 B (R
S A 2R 0 AT B R D 25 TR A K
BB FO 40

(BIVMZ IR 0 C 27 1E — M HE VR R B 5 45 1
Kl B T ARCE BN 510 um; M 0— — 10 CFF
fE— MR K A B T A CE R 1315 pm 3
K50 2025 pum. (0L R E AN T 845 3 K A5 — 10
CUL AR — VR 0 VORI A 01 76 X 5
A B 5 S0 AR 8 K e B e 5 B B

OB 25 1 78 W 2 R 1 2 R I 1l L A
K AL S KA R L 8 A SRR T 5 5 R . 2]
TE 2 0 22 B 0100 0 3 o o f 0 I A
A 2 kA K R F A

A3 B 2 B ol R TR A e B 75 1
SR HER T — 5 U A T R B TR S b R
T2 B FR AR BT 7 05 » 7T LA 75 25 1A Y — 56 3 T
Sl TR, 3 F0% TR B B 5 % b
SRR AR . T2 R A R AT BT A
TR O ERASAE 248K T A 0 4007 31 S it
T SL_E RS PEARAE AR) FTROBL A WL F B 5 % 2
WYBLL R R AJ5 HE— A T A6 R 0 s T ]
CESIPATR

2% 3k

HeJu k54 X R AE. 2007, B VGG — OB W kAR A i RO X 9
RY . BEVER A, (2):13-15

FRIE G BRI AR FEAESE, 2005, T 10 4F v [E & X5 1T BF 5% 30k 8.
4,31 (12): 39

T L. 1993, 1991 AFVLE RS M4 R B AT, dbat. K%

A, 255pp
k. 424, D. Rosenfeld . 2006, — Wit % 2K = i L = i i
FRRFAE ) TR 3 A AT, R4k, 64(5): 622-630

Acta Meteorologica Sinica S %24k 2010,68(3)

I R TR 2006, R 2 AR TR M AT . ARG
#4517 (5):583-593

X, 2003, TRIERA MY SEO[D]. deat dbat R,

X PR T % . 1998, R NOAA T&E2 AVHRR % K 43 #7
ZHIVERL. BTG, 9(4) : 449-455

XA RS, % . 1999, FIFH NOAA T2 AVHRR % kR
I3 BT 2 R 55 TRURORE 7 19 ROBEREAE. BT R 24, 10(1) :28-33

X RS SR IT T SE. 2007, R IR BT & B KRR 2 P T
BRSBTS, 18(2) :158-164

A3, JH 5. 2004, o [ KV H T I A TR R R TR L DL K
WE 55 O H A AR AR, 62(5) : 647-662

WA, 1990, FEFIFISEATFA I RS, dbat: KR At 350pp

Pt E. 1980, hEZ#M. Jtat. BhoshMisk, 225pp

KRR, SRR 1990, KILPFIFmERMIE. b I8l
At . 272pp

TRAS, 2ECH], FEREELE. 20048, — KUK = 78 1 R A TR 18 Uk
WIS . W, 23(6) : 758-763

A, TRaR, BRERUEESE. 2004b. FEALHL X AR HVKE = 1) TR G R4y
TR SRR AL, R4, 23(6): 743-748

deoScE L AR, O o XA 2004, BT ARG TR BB R EE Ay
B dbst: KRk, 117-173

Baum B A, Spinhirne J] D. 2000. Remote sensing of cloud properties
using MODIS airborne simulator imagery during SUCCESS. 3
Cloud overlap. J Geophys Res, 105: 11793-11804

Key J R, Intrieri J M. 2000. Cloud particle phase determination
with AVHRR. ] Appl Meteor, 39. 1797-1804

Lensky I M, Rosenfeld D. 2003a. A night rain delineation algorithm
for infrared satellite data based on microphysical considerations.
J Appl Meteor, 42. 1218-1226

Lensky I M, Rosenfeld D. 2003b. Satellite-based insights into pre-
cipitation formation processes in continental and maritime con-
vective clouds at nighttime. J Appl Meteor, 42 1227-1233

Lensky I M, Rosenfeld D. 2006. The time-space exchangeability of
satellite retrieved relations between cloud top temperature and
particle effective radius. Atmos Chem Phys, 6. 2887-2894

Lensky I M, Rosenfeld D. 2008. Clouds-aerosols-precipitation satel-
lite analysis tool (CAPSAT). Atmos Chem Phys Discuss, 8:
4765-4809

Nakajima T, King M D. 1990. Determination of the optical thick-
ness and effective particle radius of clouds from reflected solar
radiation measurements. Part 1. Theory. J Atmos Sci, 47:
1878-1893

NASA MODIS Website: http: / modis-atmos. gsfc. nasa. gov

Pavolonis M J, Heidinger A K, Uttal T. 2005. Daytime global
cloud typing from AVHRR and VIIRS. Algorithm description,
validation, and comparisons. J Appl Meteor, 44. 804-826

Rosenfeld D. 1999. TRMM Observed first direct evidence of smoke
from forest fires inhibiting rainfall. Geophy Res Lett, 26. 3105-
3108

Rosenfeld D. 2000. Suppression of rain and snow by urban and in-



# . — KRR = e B AR A TR R 0

dustrial air pollution. Science, 287 1793-1796

Rosenfeld D, Fromm M. Trentmann J. et al. 2007. The Chisholm
firestorm; Observed microstructure, precipitation and lightning
activity of a pyro-cumulonimbus. Atmos Chem Phys, 7. 645-
659

Rosenfeld D, Lensky I M. 1998. Satellite-based insights into precip-
itation formation processes in continental and maritime clouds.
Bull Amer Meteor Soc, 79: 2457-2476

Rosenfeld D, Woodley W L. 2003. Closing the 50-year circle: From
cloud seeding to space and back to climate change through pre-
cipitation physics // Tao Wei-Kuo, Adler R. Chapter 6 of "
Cloud Systems, Hurricanes, and the Tropical Rainfall Measur-

ing Mission (TRMM)" Meteorological Monographs 51, Amer

397

Meteor Soc, 234pp

Rosenfeld D, Woodley W L, Lerner A, et. al. 2008. Satellite detec-
tion of severe convective storms by their retrieved vertical pro-
files of cloud particle effective radius and thermodynamic phase.
J Geophys Res, 113 D04208, doi:10.1029/2007JD008600

Rudich Y. Khersonsky O, Rosenfeld D. 2002. Treating clouds with
a grain of salt. Geophy Res Let, 29: 2060-2064

Rudich Y, Sagi A, Rosenfeld D. 2003. Influence of the Kuwait oil
fires plume (1991) on the microphysical development of clouds.
J Geophys Res, 108(D15) :4478, doi:10. 1029/2003]D003472

Strabala K I, Ackerman S A, Menzel W P. 1994. Cloud properties
inferred from 8 =12 pum data. J Appl Meteor, 33 212-229



