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Abstract  Freezing rain/heavy snowfall processes occurred in the southern part of China from 10 January to 2 February 2008,
which is featured with a broad spatial scale, long duration and strong intensity. The observational ability and attenuation char-
acteristics of a millimeter-wavelength radar are introduced in this article. The cloud profile radar (CPR) data on CLOUDSAT
were used to analyse the freezing rain/heavy snowfall processes to explore their cloud physics mechanism in Hunan Province
and Guizhou Province. The results show that: (1) the millimeter-wavelength radar could observe the fine horizontal and verti-
cal structures of cloud systems, and distinguish the melting process of cloud; (2) cloud phase transition within the freezing
rain/heavy snowfall processes in Hunan during January is along the direction of “snow-rain-supercooled rain”, while in Guizhou

during February is along “supercooled cloud-supercooled rain”. Both of the intensity and thickness of zero temperature melting
layer as wall as the surface temperature are key factors to the freezing rain to form; and (3) the millimeter-wavelength radar
shows a great potential in helping us to study the ice and snow weather. Combining the cloud radar with the other remote sens-
ing techniques will make significant contribution not only to weather mechanism investigations and cloud physics but also to cli-
mate change and weather modification.
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CloudSat PR M B M 705 km, H F#E M
= R T I8 (CPRO4& (i Wkt AT LU SR AT 4 5 X =
S E i NP O E R (RPN R R S TR
i, KRG K 94 GHz(3 mm) [ 2 K i i & w] LA
MRZ “B W =N, HIRATAT AP = A
HRKF T A5 . B AT DA 2 v /0N 1 7K T A
UKL o FEFRATT AT LWL 21 41 71N 1) 2 KL 1] [ 7K
AL R B OCHE R AT DUOULI B = YRS
IKFNPKK Y 2 B LR . X ORI W H AL LR RS
PRy . CPR (3 B 43 BF 2% R 500 m, 3 H Lk
rHER LA km WY BB 4 B 2.5 km (E 1b
# D,

# 1 CloudSat £## ik CPR FRA S
Table 1 System parameters for the CPR
CLOUDSAT-CPR

TAER 94 GHz

TR 77 =X M E R T

Jik e 98 1 3.3 s

Sy PR KF:1.4X2.5 km  FEH 500 m
RE - 28 dBz

RELEHERKR 1.85 m

S 80 dB

Cig 250 kg

e LIRS 322 W

2.2 CPREZEZBITEEFSMEIT
H#ij . Cloudsat ] ISR AL FRE = AR Z .

D 5] B David Hudak. Overview of MSC CloudSat Validation. 2004, PPT



708

AL FELFIH CPR A 7= i 1 = JU B . = 43
K NUKOK &= UL Kz N R KV B R AT = 45 4 1Y
R
2.2.1 FEWITIE
HEKBEKNEEBM, Z2KREEEZR
K AR ™ 1 3 DA T 3 i [l 96 T AR /)
TE I8 B B3 AL 25 SRR 7K 3R LI (B L SE Bl . PRIt
TER 2 KU T 3R S i R BB Z R4 Bl ™ o L E
5% = ) BRI 22 T A 2500 i 3K (8] i vl B Z
T REWITIE .
ZE ORI T IR Y R I T2 O R AR = IR A
IR EE DA I o R W g 3 2 Sy A Al 5K
TR Z A, AR R 8 5 1 B ) ] 22 1k
RN 5 5 8 T KA B & KRB A 4 FEAR /N
B IR A KPR s B ) 3 R 5 S ] A 3
KAEA . KRR B VLI I8 v K380 4 ) A 2 1 1 7K 3
R0 T LA e B e L s RO KRS D . KR
4 B 43 AR T AE XTI 2 R 2 L B e B 2R 3 e, 7E
1.5—2 km (5 B F L9 /0 S A9 1/10, fpa) L, &
D b 32 S KR Y WO L TR 2 6
km DL F o | K VR R R Y 2 e, 3 2R AR
AR R IAE T . = 7K B s el L S TG . K
25 114 6 Uik I IR R ) 3 T S =K S w1
a0 B % U AE O R G T AE 2 K R D 2 R
Tk B2 1) 52 1)
¥ Stepanenko %5 (1987) W ek =X . 15 2 & <
FZKVRXS T3 F1 8 mim H G i WURE 308 9 24 2
(a) /KK
An,o(dB) = 0. 077Q,(P,/1013)(293/T """ X
[1—exp(—0.42h)]
An,o(dB) = 0. 013Q,(P,/1013)(293/T,)"* X
[1—exp(—0.42h)]
(b) S (h<<15 km)
Ao, &~ (P,/1013)%(293/T,)* X
[(7.02 X 107%h) — (4.81 X 107°A*) +
(1.22 X 107"h*) ] (3 mm)
Ao, &~ (P,/1013)*(293/T,)* X
[(5.36 X 107%h) — (3.66 X 10*A*) +
(9.95 X 10°A")]
(o) mWEK
ALw(dB) &= 7.56 X Quwr (W [1. 04 (293 —T) X
0.012] (3 mm)

(3 mm)

(8 mm)

(8 mm)

Acta Meteorologica Sinica S %24k 2010,68(5)

Ay (dB) &~ 1. 27 X Quwp (W[1. 0+ (293 — T) X
0.03]
Horb,Q, KV M (kg/m?) W Py Ty 43 51 4 30 b 18] 1Y)
KAE 5 CBRA - hPa) FHF IR SCRBE S h (km) » Quwe 4
FAR B b R WROK B AR (kg/m®) . T R IR /R SCIlR
B XSS HORT DL R A Ok A MODIS %%k}
DA S S AR B . T 3K R AR A e mT LA
Xof 22 K U T R I A5 1 ] 38 5 B (E E AT IT IE . FEXT R
ik L AT T R JS L ek AT DA Z 45 A
T B AL [7) S 3 HE R 58 FH A 7
2.2.2 PR RGE T

(1) = U ER 4k

5 B B — A ARG AR B IS ) O
T N KBV R F 43 A ¥ 5] . CPR &35 L R JE A
Wi & S o 3 mm 1 LR U BRI H AR 1Y R
mIECS e s . T CPR Ik 09 #8000 R B 2 - 28
dBZ., [ I 25 2 )2 10 3 B8 TR 3 LA SR 3T B
WoaRR AL FXE A E B REAAE B REEN,
Clothiaux % (1998) 7 43 5& ik w1 &2 4 3¢ 2y 4300
Hz EHE R E R 0. 16 s A5 00 R o A 48 3% 18] (1
NBRER B R @B X RZEEZRN o F
B 5. 45 A MODIS R = i 45 L IE17 4T E
AW E = W) 7K R 3 B 9 A (Ackerman, et al,
1998) o %™ i AR T o A 3 By 38 R D A5 3] 17 [l 3
SR G I B W X AR M R S T = A
CloudSat 5 MODIS (1 #3045 3 i 47 %5 e % = X
PUINSEE e Kb, AT RERNERT Z 51 #E
FLRR R KN FT LV E T i = 1 B m B L IR 5
FINWT S 2 2 P9 50 25 0 Bl e B T R Ak i S 00 . 7 I
filt b o AT 25 B0 0 B

(2) =K. BIKE R = A RO FE 1%

T 5 ) FH DK RO F R D AN T 1 A s i R 1
B4 CPR HAHEM MW b FRFRMES
CALIPSO T B F## M O HE B3 AE 2 1 = H
KRB HMETNIKE KaFRAE . Ra,
RBEIK = B K 2 BT 3 40 A AR 5 K % 5 (Cw)
ZUKE R (CO VA BT re 22 R 53 5 5 0
W XR BEVFESRHBEEA TS K. Bk S i,
AR TR B K FR: Cw (g/m*) = aZ’ (mm®/
m’) .G (mg/m’) = ¢Z/ (mm®/m’) . r. (um) = pZ*
(mm®/m*) , Hop a.b.c.d.p M q &5 =R b
BRI SH 454 Hot DR B A5 2 1 = 250 5

(8 mm)



Mg RS R RN = TR TE BT 0K S R AE B = Wy FRAL ) 7 T8 9 5L T 709

Mgt a3,

(3) mnhr3k

AR ZE B = A A [ 1 2= W 3R P 3T RS
18 8l R ASAC A AN F 20 . 15 GE i 73 28
T2 R H W 288 & B = R s s A
. X ESE R ;AR KL I A 2 DA 2 TR
TG = R TR ok o PRI AR A 20 20K = 5 RS
WURR R — 2 280 B 4 CPR & ik Bk & MODIS
T R R S AR B | K RS R
JE I 25 PR S &5 6 Hi T R K SE D00 01 20 = 1
HEma Ha MR KRG =2 R KF
ROEE 2 BRUEE = TR B = G R 55 2 B A
27k (Penalozaset al, 19960) ¥ =0 N . B E & 15
Ra 2o 2R e MEa s, AT
ZRBRIRE G 8 RRARG R A G Rk .

WEANE A 2 27 J5 L 0 B AR A
AR FLENT U ERL = 50 2 = KoK % & R R K
I A4 AT T HEAT I

3 CloudSat = 5 3k X 5 Jr vk iz KA 480
il

3.1 REWAR 12 AREEERE

M 2008 41 A 10 HE, Z i 25 MRS
Ui A ] R i e FE RS 20 M X 8 A 1954 4F UK L
VKR RS 0 FE R i ) K UK VR TE L T L 2K
FRpEEd, Hob 1 2529 H &M R —iK .25
H A T b 3 BUSR BE/K L ) PG 2R i 7 L T 7 A A 3
A DX B A B R, 28—29 H AR IR A 20—50
m, 5 R B, YL PE 48 B K B R R R A T R A
TN 3 DX ATY R G R R KR

MRS CE WD AT W, 2 #F 500 hPa 4§ F i |, 1
H 20 H B ZE @ FETF 46 T8 B, I — B 4ER7 4 DU /R )
DAV BELEY T &6 1o 20 300 10 A% 33 {45 v [ B 7 K8 4y
b DX AR5 252 57 4 T A R 1) VG R R R TS . R I
TAT 2« P AR IV B 300 A — 3 % 1 0% v Pl — L4
R AN b o o [ AR A R R e AR IS A2
BH %€ 5 K — iR T B T — IR R RHE R 40, i 15 5%
MRERZGAF UL, FERRRBRERGSE T R
7K IR ARZ B 28 RN 80T SR R, AT E
R T — 4B B VI AR LR . IR X ARV AR LR,
TR T W ) A AR L R R R R

& 2 J& CloudSat T A& 435Il £t 5T ET ] 2008 4%
1 H 28 H 02 B 56 43,2008 4F 1 J 28 H 13 i} 55
4%.2008 4E 2 1 9 H 14 B} 20 43 F1 2008 4F 2 f 10
H 02 W} 26 432245 76 v [ Hb X R0 52 1 803, 49 1
HZ A.B.C.D IR, B3 FRR 5t 1235 ) 5 ik 7
2008 4 2 J1 9 H 14 B} 20 43 A A7 434 1 X3 [B) 0
R EIBWNOLE . RATE S 58 ALB.C.D 4 4B}
[ Bt CPR B35 (1 FE I 25 5L BR 1T 1 M« 5% M VR RN R
S W FRALE s 3 HoBe C B B i 45 3 5 T — i [
(1 5% B C it B8R ik 4 0 &5 5 147 %60 B o DA 156 BH 22
DK T I AR 3 % Jmy B

4N €

30

26

22

100 ‘ 164 ‘ 1‘08 - 1‘12 ‘ 116°E
K 2 CloudSat iz 17 %13k
(A\B.C.D 435l j& % TLRAE (AL B0 2008 4F 1 H
28 H 02 B} 56 43,2008 4= 1 H 28 H 13 H} 55 43,
2008 422 H 9 H 14 B} 20 43,2008 4 2 H 10 H
02 I 26 43 7 47 Ze 3 1y v [ 3t X))

Fig.2 CloudSat tracks
(Line A.B.C and D stand for the satellite
tracks at the times of 02:56 BT 28 Jan 2008,
13:55 BT 28 Jan 2008, 14.20 BT 9 Feb 2008
and 02:26 BT 10 Feb 2008, respectively;
The circle covers the areas detected by the Doppler

radar in Guiyang, Guizhou province)
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Fig.3 Cloud top heights (unit: km) from FY-2 satellite
at (a) 03:00 BT 28, Jan and (b) 14.00 BT 28 Jan 2008
as well as (¢) the sounding data of
Changsha station at 08:00 BT 28 Jan 2008
(The black solid lines A and B are corresponding to those on Fig. 2)
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