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Abstract By using probes of FSSP-100, GA2 and GB2 of an airborne PMS (Particle Measuring System) , the stra-
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tocumulus clouds during August to September in 2004 over Beijing and its surrounding areas were probed. The re-
sults showed that the diameter of particles was primarily distributed around 5 -9 pm, 200 pm and 400 - 1000 pm.
On 14 September 2004, the warm frontal stratocumulus presents the maximum number concentration of
318.97 em *, 0.03 cm ?, and 0. 0065 cm *measured by FSSP-100, GA2, and GB2, respectively. On 12 August
and 15 August, 2004, controlled by the cold frontal system, several dry layers were observed. The size distributions
of particles derived from probe GA2 in the three flights mainly followed unimodal distribution and the better fitting
function was found. Based on the analyses of two-dimensional images of probe GA2, the unimodal distribution was
primary for different particles of natural condition. The supercooled cloud and rain water, graupel, columnar and
needle crystal have the same order of number concentration above 0 °C layer in the cold frontal clouds. The peak
content of supercooled water was 0. 26 g/m’. In the warm frontal clouds, graupel, riming particles, and large ag-
gregates were the main ice particles, and the supercooled water, columnar and needle crystals were measured. Com-
pared with the GA2 data above the layer of 0 ‘C for 13 flights over northern China, stratocumulus clouds over Bei-

jing and its surrounding areas present the maximum diameter of ice and snow crystal, the middle number concentra-

tion, and different content of supercooled water depending on different stratocumulus structures.
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Fig. 3 24-h rainfall distribution at stations in Beijing region for three cases
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Table 3 Macro-characteristics for three-flight observed clouds in 2004
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Table 4 Microphysical-parameter statistics of three-flight ob-

served clouds in 2004
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Fig. 4 Vertical distribution of cloud particles number concentration (black solid line) and diameter (gray dot) derived from probes FSSP-

100, GA2, and GB2 during ascending flight on 12 Aug 2004
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Fig. 5 2D images of particles sampled at different ascending heights on 12 Aug 2004 (a) Large cloud droplets and rain drops at 1900 m and
14.8 “C; (b) large cloud droplets and rain drops at 4000m and 5. 2 ‘C; (c) large cloud droplets, rain drops, and a few of columnar snow
crystals at 4800 m and 0 °C; (d) supercooled large cloud droplets and rain drops at 5000 m and —1. 27 °C; (e) columnar and needle snow

crystals at 5400 m and —3.1 °C
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Fig. 7 Water content distribution of super-cooled large cloud droplets and rain drops derived from GA2 probe on 12 Aug 2004: (a) Vertical
distribution of water content of supercooled large cloud droplets and rain drops between the layers of 0°C and —3 °C; (b) time evolution of

water content of supercooled large cloud droplets and rain drops at 5400 m-level probing
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Fig. 8 Vertical distribution of cloud particles number concentration (black solid line) and diameter (gray dot) derived from probes FSSP-

100, GA2. and GB2 during ascending flight on 15 Aug 2004

®5 ERNIRXGARRMPLEERZZT 0 CEULHRMEEILRR

Table 5 Stratocumulus particles microphysical-parameter comparison of 9-flight GA2 data above 0 ‘C level induced by cold frontal

systems in China

Fisf ] b, Ninax/cm ™3 N/em 3 Drnex/pm D/pm Wiex/g m 3 W/g-m 3 Twin/C
1988~1989 4¢ TH 0.15 0. 01 — — =>0. 15 0.11 —10
1988~1992 4¢ %R 0. 053 0.014 305. 1 59.3 0. 36 0. 057 —5
1992 4£ 6 1 L 0. 408 0.05 400 100 0.08 0.03 —6.4
2001 4 10 Hifr 0.01 0.0016 211. 98 127. 11 0.012 — —13
2002 4% 4 Hifi 0. 14 0. 025 — 61.3 0.173 1025 2% —10
2003 4£ 7 A Ak 0. 001 0. 0004 — — 1.6 0. 47 —5
200348 H 15 H Jea 10244 1034 1100 200 0.4 0. 25 —6.3
2003 4£ 9 A i) 0. 001 0. 0008 — — 0.1 0. 04 —4.2
2004 4£ 8 A 12 H dbat 0.015 0. 003 658 206 0. 26 0. 02 —4.6

T Noae: VRIS N: WK SRIETIIE Do KSR EARRKE: D 0K S HASTIIE s W 7R 1 IR OCE s

VoK BRI s Toin = RN Jr/ ML

11:56: 03, FSSP-100 [& 1, J2 1 2 P 5300 m
(=7 °C) DIR, WREERE & B AR AR ARAR XTI, hE
FTHRFELES pm A4S, =K (0 °C) 2HRE
KAEIX . 5300 m PA_b, Rk R AfE AR, =
PR R RO AR K, AL A 10~20 pm,
GAZ 1 GB2 WL 21 (1 B2 A AR i v 32 A8 Ak
BRKWER, FiF EHRE T /DA NK
P2, ] g BB K 1 ORI 4 /b, 3X AT B
SR/ NI R A R ERZ —. B9 (WA
FED BT 8 A 15 HE KB Bk 7 /K P43 1i
FHE, FSSP-100 B it el R AN K, W B Fl B AR
KA Fe A 3857, GA2 Tl GB2 7KSF- 440 il 26 )
BERE Bk TR, 8 A 15 H I 4EEZR

5

BT T, Tok X kL R AT 4 BRI 4y
Bro

] YA Z 112 % FSSP-100 #8300 21 1 FiH i 17
P GEAF AR, 2005) . X GA2 B iy e AR
B RSHIET 9 AR GA2 BELAEREZR
Z9 0 CRELL LM mas R, drE (AR
4, 1992)  InAR (5K = AN EER], 1997) . Hl
(Z=HRSR5E, 2002, 2004) 5 FHbk (GRRLL5, 2004)
Bevt (44, 2004) . ffdt (B CEE4E. 2005) .
Jbat GRAMEZE. 2007b) PLEAR 8 A 12 H 1HF
FELE AT A . AR e RIS, Bk T4y Rk S
AR PRI K . A 5 AT, A AR ) 22 5
KA 2 DES, WACE ZER vk ok TR B
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Fig. 10 Vertical distribution of cloud particles number concentration (black solid line) and diameter (gray dot) derived from probes FSSP-

100, GA2, and GB2 during ascending flight on 14 Sep 2004

Ko K3 0. 408 em*, FAARFNRE PG AR B Fe/ )N Y
JEXMERA 107"\ K. Jbat 1 X iy vk 35 g vk i T
W, R AR 7 AN IR, B SE o)
MHIN (2002 4 4 F1) HA 61,3 pm, FHAAKE W
ARk FEE, FEisF 1.6 g/m’, HilitkE
(2001 4E 10 H) #1HA4 0.012 g/m’, JbatHb X Byt
RRERWARELR, Ko R IEEH A
[F) e 8 ) 22 AR
3.4.2 BEEREZ

B 1045 H T 9 A 14 H QB B TP B g i
=R IE B . PR B 41~
6937 m, JEEEJEHI N —14. 67~ 18. 85 C, #FiMmf
[6] 15:47:29~17:47.02, FSSP-100 #5{ #ki ¥ B
FRIHEATE 10~20 pm Z [ 254k, B BER I Se A8 K
JE N s WBE P RAEIX TE 2 IS (2400~2800 m, 0~
2 °C) MBI TFHE (3500~4000 m Bl —4~—2 °C),
Al e BE R R B AR ARAR /N, K%Y 10 em i
HFE VA B 108 T R DX A AR R R e DX, T HL X 9
X PR MR BE S RAE EL XAM R T 1~2 DR,
H X AR ROBE JUAH XS 857y, 4000 ~ 4400 m AR IR
AR )2 A SR R 2, T AE 4000 m (R BE AL
(=5 C) BT EHAR/NT 10 pm R F IR ZHH
XA RE A A R 2 A AR SRS Tk IR B
. ZIXN GA2 il GB2 Mk EE . BN T
PR/, We Ay 7 0. 0031 em®, 0. 0013 cm ™ *
AEAWEEN . HARSMAE 400 pm | 1100 pm Ff i
R, Hor GB2 HARTE /Mg i 2 iz i K s 6500 m

PL b, GA2 F1 GB2 By BE#0 A Frdg m, GB2
ENPE/NE 950 pm 2247, 3 A BE S R R B A o B
WY — 20T R ORI, KT A R
R ) LR AR /N s AT 5 | UK b i 250 3
P28/, 5 FSSP-100 E A, GA2, GB2 [E]
PSR DX iR B A 351 o H BV R A ) B A
b, SERIBIE] (4700 m, —6 °C) A P E K
JEIX,

1125 T EFEBrBEA RS GA2 FRIE )
B 4EEM%. 9 A 14 H Y - 4E R E A 15.
A7:29~16:05:23, M & B 42 m(18. 85 ‘C) ~
4387 m (—5.70 ‘C), —HEEMGHRM LSRR, kL
TFRIEBK, GA2 W 2]k 785>, 7% 0~
—5.7 °C BYTREE XA, ok, 25 vk 2 R ATk
BB AR EE AR, ERR L FER VK S A
WAz R, AERRMAfERRS X,

12a (WG RED J& GA2 H890 F (1) 3= kL
TP B TS A3 A0, BT B AE by, T A
oL, 3EEAE, #RIE T ik AL, 0 °CJZ LA vKARKRL
TR, ATRE S 30T X R KM FEK .
Kl 12b (WLSCEEED S Gamma 434 . K-M 434
Hl N(D)=nD"exp(—aD-+bD*—cD*) #)&5 041
W TERLE 36. 5~600 pm 2 TG = Fh R
GRCRBBAF, KT 600 pm KI5 N(D) =
nD"exp(—aD-+bD* —cD?) R U, Gamma 4y
A K-M G 8ok B2 (BRi e s =
B nER 12 0,
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Fig. 11 Two-dimensional images of particles at different ascent heights on 14 Sep 2004: (a) Cloud drops and rain drops at 2400 m and

2.15 °C; (b) needle crystal at 2800 m and 0 °C; (¢) columnar crystal at 3850 m and —3 °C; (d) supercooled cloud drops and rain drops at 3870
mand —3.3 °C; (e) large aggregates at 3900 m and —3. 6 C; (f) graupel at 4000 m and —4. 4 ‘C; (g) riming particles at 4350 m and —5 °C

x6 ERN4ERCARMNEBEEZZERZH 0 CEULHMWESLRE
Table 6 Stratocumulus particles microphysical-parameter comparison of four-flight GA2 data above 0°C level induced by warm

frontal system in China

i ] Ho sl Ninax/cm ™3 N/em™3 Dhrax/ pm D/pm Wiax/g+m™>  W/g-m 3 Toin/C
199145 H |4 0.06 0.02 — — 0.117 0. 06 -5
1995 4 6 A STy 0. 006 0. 003 180 60 0. 004 0. 002 —
2002 4E 9 A H 0. 025 0. 006 291 116 0. 26 — -3
2004 4£9 H 14 H deae 0. 0098 0. 0022 958 427 — — —5.7

TE: Nowc: UKERIRBERRAE; N: 0K SWEEFIIE s Diec: KE S ERICRME D: KSR BRI W RKERIRKME; W.
YQ/KQ%%Z:&J{E# Thin s H‘Uﬂ\ ETJ—{ETEE/J\ﬁQ

F6HIH T HEN 43K CATHIN GA2 7EBEEE 958 pm JEA K9, Wi ¥ /K & B, by i
JZR B ZRP) 0 CJZ DL BB 8, L7 (% WK ERBRIEE 0.117 g-m ™, 53R 5 LK,
BB EAKSE, 1999 HFZEZE (2003, Wit BE SRR KEGEREAR FRTRESR.
%i*s—% (2005) PhRAYC 9 A 14 HAEAt i 2 Rk A

T W SRR e 5, M 6 i, 1 A
/le:El’Jﬁka pL IR R OK, 18 E] 0.06 em ?, b ATICRF 2004 4F 8, 9 H MR E A6 M A i K
/ML TRT 1045, bt 9 H 14 BB FHZ X ZREK 20 HURINZS R9E4T 790440t ﬁ
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LB R MG

(1) ZARERBEEAR PR = R R T )2
Mz, 5 2003 4 8 J RINES R —3, ACm =
NERERZNAEDZ, mEEE—BAKTF 3000 m,
YhHRGD. BEEHaR OH 4 H) 5882
Wk 8H 12H.8 A 15 H) Mk, 9 14 H
FRIF(E &SR . FSSP-100, GA2, GB2 #5 3k 1 v
B B ROBE 4 B 2 318, 97 em ®, 0. 03 cm °,
0. 0065 em *, 24 /NEFRE K SRR,

) BEEBRZRZ GH12HMS H 15 H) K
TEZATIZ. 8 A 12 BB TR IE M H 0 A
¥y, BRI, 3 DK RN 25 5 430 2
PL3~17 pm, 200 pm F1 500 pm AR08 3. 3%
K R IR B BRI A T . 8 H 15 H 2
WA FREESEA L8 A 12 H/N, Rifa
H AR, KT m/INKLF o3 A8 5] R
L AR 5

) BEER=R OH U H) NETE. %
2 SRZE, BAKWERZK (—4 C)
W10 pm/NRCF R, EE 7 L. AR
TR FAFAE 3 B /INVRL T B 43 A3 76 X0 0 DXV B8 K
REE/IN XA 2 22 T KORE - 119 43 A LA 345
BARAE 400 pm F1 1100 pm A4 . KT 10 AR AR
AR,

(4 HREL 7 HIX 13 ZLR CATHRIM 25 R
B, 2003 4, 2004 A6 5 K i L IX = AN 2RI
K R HARRR. WHEES, SR KkEeER s
RESHAFETI LA K . BB RIR KSR
KERTEESR.

(5) GA2 §i%53 41 LA FRIELS Ko 3 WA TE R
ZER (9 H 14 H—14 C)ZEm, 8 H 12 HF 9 A
14 H W HARAE 200 pm 247, WE(HIRIERZ
7E1.0X10 Pem . 8 A 15 HTE 400~800 pm Z[H]
A, WEAEW SR, 9 A 14 H AW EE S, 9%
B8, OCIZLAT, KRiF 0k B 2 = B i 7 =
MG, A28 0 CRRUL RigmAHiE. 8 H 12 H
Gamma 73 i B LG BCR K47, 9 H 14 HiEH M
N(D)=nD"exp(—aD+bD*—cD*) &,
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Fig. 1 Three GOES cloud images during measuring periods in 2004 (a) 0725 BT (Beijing time) on Aug 12; (b) 1102 BT on Aug 15; (¢)
1601 BT on Sep 14. Black rectangles denote Beijing and its surrounding areas

B2 2004 4 3 NS AT A 35 PPLIAL: () 8 J1 12 H 08:29; (b) 8 J§ 15 H 11:56; () 9 I 14 H 14:59
Fig. 2 Radar echo distributions on the PPI (Plan Position Indicator) during three measuring periods in 2004 (a) 0829 BT on Aug 12; (b)
1156 BT on Aug 15; (¢) 1459 BT on Sep 14
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Fig. 6 (a) Mean particle size distributions and (b) fitting at different ascending heights derived from GA2 on 12 Aug 2004
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Fig. 9 Time evolution of cloud particle number concentration (blue line) and diameter (red line) at 3000 m (0 ‘C, horizontal distance 13

km) during horizontal flight on 15 Aug 2004
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(a) Mean particle size distributions and (b) fitting at different ascending heights derived from GA2 on 14 Sep 2004



