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Abstract

However, little is known about the structure of convective region/convective bubble embedded in stratiform clouds. The

Cloud microphysical process is one of the key processes in the formation of clouds and precipitation.

characteristics of embedded convection and melting layer structure of a stable stratiform cloud with embedded
convection on 22 May 2017 are investigated using aircraft and ground-based radar measurements. High concentration of
large-size ice particles was found to exist in the upper part of the cloud, and the growth process of these ice particles
varied in different areas when falling to lower levels. In the embedded convective bubble, ice particles grew mainly by
aggregation and riming processes due to the existence of large content of supercooled liquid water; in clouds lacking
supercooled liquid water, their growth was dependent on the aggregation process. As a result, the large-size ice particles
formed by aggregation were of lower density and smaller falling velocity, and it took longer time for them to fall through
the 0°C layer. Thereby, more obvious melting phenomena were observed in these clouds than in the embedded convective
clouds. The convections embedded in the stratiform cloud were generally located between 0°C— —10°C (4-6 km altitude),
with vertical and horizontal scales of about 2 km, and maximum updraft velocity of 5 m s™'. In the embedded convective
cells, the average liquid water content was about twice that in the surrounding clouds, the average concentration of small
cloud particles was one order of magnitude higher than that in the surrounding clouds, and the concentration of large
particles (diameter greater than 800 wm) was higher, too. Precipitation in embedded convections with high supercooled

liquid water content took place through the “seeder-feeder” mechanism, which was not applied to precipitation in clouds
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with low supercooled liquid water content.

Keywords

1 35

MEREG =PI EEN KRS, W2 Wl
ANTHENPEENR. FERG s —RHENRSA
PR, IR & PR AE JZ R 2 B R AR A
G, AR AT ARG, A SRRV ] AR 4R B )
PEF%7K . Marshall (1953) B % &% BIL 75 12 [ 30 ) 2
HEIHS A B BN RaeReR B, IR
i R AR [ B AR NAE IR 2 H R R BRAA AT O

BLERL D0 5 150 4 R P A2 2E 1 X6 2R 2= AR
IR G =BRSSBT B ) T i, K&
(¥ & HL W W F 5 (Hobbs and Locatelli, 1978;
Herzegh and Hobbs, 1980; Hobbs et al., 1980) & I
2R B KT i B 2 ) #R i — 45 (Seeder-
Feeder) Hlifil. HTHUZRE = HH XA SR R
DKGEELABWE=S, HFHEA—ER LTS
W E, "L AR £ UK &k (Hobbs and
Rangno, 1990), #4112z & 20%~35% I F& /K &
(Herzegh and Hobbs, 1980; Houze et al., 1981;
Rutledge and Hobbs, 1983), H HIZIRE = [FK
A AAIDS), BRASTRURAR N J7 Bk & — B

il

Stratiform cloud with embedded convection, Aircraft measurement, Embedded convections, Melting layer

PGSR X oy, aER T “RAZ” AR (Hobbs
and Locatelli, 1978)

REXHEREG S MER AR T KRR
T B FICHUWI T B b 8, HERTS TR
ZH RIS BB LS R, W] & A
TR (1965 A AR TERAL A R AL X 2R =
HHATREERIL, mlifE. mEEE, =Kk
FERER . 1979~1982 A HATA], R H 8 26 5 78 218
A IR AN TS H T R TR 25 2R IR AR DA A
(FEFEIOAULAERE, 1984). MILE R Eox, MR
= RNIERZ Bl S WA R AR S, I
SEEAAYE FHALE ERgs (PPD [H3
TEAE KPR BE 2~4 km [ 55 BRI AR [R]85 7R
ARSI Z 50 N AR AE BRI T [
M. WPPRRERE, XM N RS B
R UKARRL FRAEA ¢ (EAEHEIZE, 1984). 1M H.
R R RS R 400 AR ERA BRI 450
(BLAEFESE, 1987), I EEBATTT, H—DS M
Hig BT AUZ IR G A LR L K L R K
IsZm (35367055, 1987; JRAEHE, 1996).

WG MLAAER IR R, B R )BT F T 46



6 1 TTMBEE: AL KAT LR — e U2 IR A
No. 6

Z KA FE X 20 e M AL 2 S5 A R IE

QI Peng et al. Aircraft Measurements of a Stable Stratiform Cloud with Embedded Convection in Eastern Taihang ...

1367

FEZR TR E . Rt (1989) XfHisEs
FEL IR TR, £ 2 km PLF VKR, 7 B2
APPHIEARTE K, HECABESK, ook 1tk
ERRASIERFE K.

TR, REXNZREARZRESHIFRET
KE KHLMIMHTE T (Guo et al., 2015) . 7 fm [ £
(2007) AL X ZH = 5 R IR = CHL I 5%
BEEIL, W IEESKFEMEALS, ERa
B RRL T (400 pm LA b 3% 35 0k BRLUE O3 A
JEARZ ) IR B 22 e 73 At o JEHESE (20100 X
FURIRG = R TR, R AEXTIX IR
REE/N, XX AR, KR W AR 3 2 .
Hou et al. (20100 X} & #hE B FEER =M%
Y, UKL T EEAE 4.0~5.5 km 5 N SRR S
HHK ., Zhuetal. (2015) HTAEILHBIX R Z RS
DEMRDIKB S EZTEE. slRAE X%,
R WEE L BCIRUK S, ST X PR IK
BZ, HWRXABRSIREKES R, RS
BA WKL F AR TSN R ER e T2
Rz

AT WAL F L TEE 540 FRE H, 2RIE—
PUFgE M, K29400 AH, L1000 AR, kK
HAPTE1200 K B b fEARICRATILARRE, PEKR
GUZHIIEFR (B RERFEEME K. HFAKAT
IR TEARFRIRGE R HRK RGN = W51
B KAL) 6] B2 e A A i X R A TR AN N 50 RS,
KPR EIE L. ASCEX 201745 H 22 H
AT I AR REH X 1) — R B 2R S = R I KLU
MEHRIAT ST Fe,  HIOE Tt — iR iz X
MUZIRE = RN . FEATE L. AL
FHSHT T RZ R A = R A AL )2 45 A R
ik, IXAE AHT K HUSLIN A 72 rh 0

R1 HBRVLFESH

2 WSLIG K E AR AL IR

KRAT IR TN TG R By & AR R 56 2 T b
A CPERT RRE R LE—/KBEIEIT A
TREMREIE (2017~20194), M201745 H
BT RSN RL 22 S8, SR & LG 2 s i)
MR TR IR R e RIS GBS TH DA S ke
oz P B % (1) King-air 350ER A1 Y12 25 K AL
MM ERGE . K 1a ARSI X, AT K47 1
REEFJFHBIX

AR b N LR W R S 70 4 % King-air
350ER YL (Zm'5 3523) MOMLl &cds, HLEk R
X %8 H s TR H DMT A & 472 10 o kL 1 38 5k
(Cloud Droplet Probe, CDP). =z #i ¥ FE 1% & 3k
CIP) . & & K & X
(Hotwire LWC), SPEC 2 ] £ 7™ [ 5 b B8 X
(Cloud Particles Imager, CPI) FlI Aventech /A & A4
FPH LG A AR ERINE RS (Aircraft-
Integrated Meteorological Measurement System,
AIMMS-20) 4%, (&S &K 1. 7T LI 2] CPI
TR T BB W R B CIP By, BESE A i
KL IR MR T HITER . CIP R AT LU R
H OB T BITAR, - i RASC o PR AR A 85 1 B AR R
1T TAER, TAHANAE.

A X ESATHIE (38°21'7"N, 114°42'43"E)
WK 10 cm, B 6 min B —IKEH. KanFiss
WAL T & (37°1051"N, 114°21'32"E),
Ka = AWK 0.8 cm, TEEFM S HE30m, W
F) 73 #2481 mine &5 s 172 5520 B 438 FH R v 19180
{E T4 # 0> (European Centre for Medium-Range
Weather Forecasts, ECMWF) ERA-interim F 73 #it
TR MM B AR SE I (Black Body Temperature,

(Cloud Imaging Probe,

Table 1 Airborne instrumentations and their operational parameters

DE WA I SRR
CDP =hF IR 303#iE,2 ~50 pm KIS A A
CIP =5 BRI B I R 62381 ,25~1550 um 25 um
Hotwire LWC WK = 0~3 gm™
CPI = 5kAKR T EIE 10~2000 um 2.3 um
GLfE
e " 10 m
ATMMS-20 ‘{ﬁ?fi 0~13.7 km,‘ﬁlg 18.3m
L -50~50°C , &% 0.3°C 0.01°C
e A E 0~50m s, k5 0.75 ms™




K A B O 43 %

1368 Chinese Journal of Atmospheric Sciences Vol. 43
° m
50°N 4500

4000
455N 3500

3000

2500
40°N

2000

1500
35°N 1000

500

S e

0

30°

N » .
100°E 105°E 110°E 115°E 120°E 125°E 130°E
39°N — _—
]

38°N

37.6°N

113°E 114°E 115°E 116°E

Altitude/km

113°E 114°E 115°E 116°E

K1 () BAbRAT INREEHE SO X EL (Z0HE) s (b) 201745 /22 H 17:00 CALHIN, FRED A5 SA #1k 0.5 BEAT A 18 o & s
& (PPD SN HM, DAIKSATHIE. Wi, Ka B RIRE A E, ZLEREN WHLPLE, EOBLRMRFUN (ABB. EFEL. GHED
FUEHE AR B (B,CIX. DEX) EECH#r: (o) 201745 H 22 H 17:00 47 5 SA HiA#Y 37.6°N [ 3% # i

Fig. 1 (a) Terrain height of the eastern Taihang Mountain in North China. The red box shows the observation area; (b) radar PPI reflectivity at 1700
BT (Beijing Time) 22 May 2017 measured by the S-band SA radar deployed at Shijiazhuang station at an elevation of 0.5°, as well as the locations of
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Table 2 Averages of measurements in each temperature layer in two vertical observations

T/°C LWC_B,C/gm™ LWC DE/gm~ Ng, B,C/L"' N, DEL"  Ng, B,C/L" Ng, DE/L" D, B,C/um D, DE/um
—15~—10 0.000 0.075 5.385x10° 1.199x10? 5.263 16.375 133.544 167.011
—10~—5 0.000 0.134 2.252x10* 6.486x10? 3.986 11.276 181.387 197.752

—5~0 0.101 0.140 6.407x10* 1.081x10? 52.623 92.068 88.167 107.733

0~5 0.153 0.170 1.344x10° 2.206x10° 64.403 18.612 109.678 97.374
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Fig. 18 Average spectra of particles in each temperature layer during two vertical observations
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