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Spectral Width of Cloud Droplet Spectra and its Impact Factors in Marine
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Abstract The spectral width of cloud droplet spectra is crucial to the parameterization of the cloud optical depth,

the assessment of the indirect aerosol effect and the formation of precipitation in numerical simulation. Based on
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the aircraft observations of cloud microphysics in stratocumulus on July 19, 2008 during the Physics of
Stratocumulus Top (POST) field campaign, the vertical distribution of microphysical properties and cloud droplet
spectra are analyzed, as well as the cloud microphysical processes. The results show that the spectral width of
cloud droplet spectra is basically larger near cloud base which is caused by aerosol nucleation. The spectral width
decreases as height increases in the middle layer of the cloud, which is caused by condensation growth. The
increase of the spectral width near the cloud top is caused by the entrainment-mixing processes. The increase of
vertical velocity in the adiabatic cloud increases the cloud droplet number concentration by promoting the
activation of cloud condensation nuclei (CCN), and increases the cloud droplet size and leads to the decrease of
the spectral width by promoting the condensation growth, and ultimately leads to the negative correlation between
the spectral width and the cloud droplet number concentration as well as the cloud droplet size. The decrease of
vertical velocity caused by entrainment-mixing processes in cloud holes decreases the cloud droplet number
concentration and the cloud droplet size and increases the spectral width by promoting the evaporation of cloud
droplets, which will be enhanced by the decrease of adiabatic fraction. Based on these observations, it is
recommended that the parameterization of the spectral width of cloud droplet spectra takes into account vertical
velocity, cloud droplet number concentration, cloud droplet size, adiabatic fraction, etc.

Keywords Spectral width of cloud droplet spectra, Marine stratocumulus, Microphysics, Aircraft observation
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TAEMS RGN R RGOSR A FE Pl R . A, AT = P R B e R AT
TIHRAWIR (GRS, 2013), Ehln, Lietal. (2004) 454 T BRI T LI B AR5 7% T A Rl i X 7
. KB B m B = B RS A A ZE AR UG AT A B 3 i 73 FE 2 1) o B 3 DA R
AL (B FIE 1148, 2008; 5 1EIBAE, 2008; f#/N 755, 2016), FIH TR M BEkF T DU I H KT
= B ) E A K (WIRAERSE, 2007, ®ikss, 2011; 7k4R4%, 2015; XliiZUR%%E, 2018; {miG 4%,
2018), I8 b A 2 CRULIN BEAk (¥ 45 45 AN RIS A B 77 8 BRI 9 REAR /R 5 Fh I O Bl R, S v A0
CGBRAFAEFA Y EE, 2004; #i&i45E, 2010: BREASE, 2016; JHESE, 2018). {HiE, = REHH M IFEKIE
FS ) — S SR BRI FE R BB M AN 2, 91 LB 2 B K RO T B — B AR AR A ik (] 75 SR i 72
Wi, 1963; Luetal., 2018). 2 [ RPN A B FE 1M RAFFEAf E M (Zhao etal., 2019) 45, 45 4H
RIRABL AR M S H ok T AR KR R A

W 2 P 7K P I PR 5 2= i 0 0 P AR O . AR R MRS B KR Y T, 2 TG B B R4 4k
E (Rogers and Yau, 1996, (HAEM Mt E115 2] 7 AR TE (1) =30 3 (Martin et al., 1994; Hudson and Yum,
1997), 2 AT N N IX S W 2= [ 7K T F ) B B S IR 23 R 3 S R 1 = P R SRR, R T R K

7[R 2 a5 B 5 7+ k45 4% (cloud condensation nuclei, CCN) ¥R EE LK CCN 143474 5%; Yum and
Hudson (2005) i /% Hi 7 FR 3 v Fl BE DL % 3 T30 E ok 4t A 2 v i i 6 B LA R T, = IRt e
BRI T L, #0K SE i o . a3 = R 2 R BUARIARE 1 — E R I = T i 1 e,



(R AT SR AT 56 A AU 2 T T AT 38 B X A RL 2 . — SR ) Otk (4055, 1988; FE1EIBAE,
2008) FIFHVRALFE (Lasher-Trapp etal., 2005) A REFE &GS 5, (HZIE T EAEMM . SLI6 =
FURH 1 7 R BE AU R AT IR AE (Lu et al., 2018).

TEREFE 2 G SE I, =i i 90 FE v DL i 2 (oo) RIBTERE (= iibhn il 22 A = 1)
% (rm) WIHAE, d=odrm) KEoR, HAPE AR RS R ARXT 58 BE 200 BE S50 7 R 7 AR
#HI (Livetal, 2017), Dengetal. (2018) KHEE 75 =M% EHKMIER S (o) W=SH =ik
TIE, MWz KT SRR RS 3 T i 8CR . R, B 2 A AR i S5
& (Liu and Daum, 2000; fi#/~ 724, 2016), MMM 2 R 2% 5 R i i B0 2= 11 S B ks il == (1
SHREME (TGRSR RE, 1994; A K25, 2008). 75 i i 5 B XA M B X v A Aty B A 1 P 1 3 20 v
HAEZEM, Liuand Daum (2002) $2i 1 B RO RN, BV B IR A 2 O3 WA R AR TR
BRI, 1722 23 R A0 G HEAT T 978, R45. 31 T — 804512 (Rotstayn and Liu, 2003;
Peng and Lohmann, 2003). It4h, BEHUE S = MEORIE N X RIESEI =K H SR, FFRTER 5
IR R K BT G R 7 A2 520 (Xie et al., 2013).

HUE AT, SHUEER A A EEEA, B2 BT EBUESB T fRMRRMASENE,
WA RIE T4 B U 5 R IR B B 50 = B B 2 TR 2 IEAH SR G &R (Martin et al., 1994; Liu and
Daum, 2002; Rotstayn and Liu, 2003, 2009; Yum and Hudson, 2005; Liu et al., 2008): i [ A5 A 5%k &
(Martins and Dias, 2009; Ma et al., 2010; Wang et al., 2019); Zhao etal. (2006) Il & FiLFE & <5 e Hik i
B R HOR LI R, B 2 Biesl, ASTa R, A R IEA SR EE AR R . S8
HAb 5 ZE AN 5 110 25 B TR R 2 o R e 8 HORE (1 R B A AN, L DA RO AR A SR BR T 1-2 A2 Rl (Liu
etal., 2006, 2008). Ak, 38R EIEF LM BURREATIR A HT

N T IRAMZAE, AR @ o FR R LI BORE - 2 ) B R0 = R S 1 2B B A R AE, EER
WA =G 6 B LA AT, SR E B ISR R T RER, e b =i 56 S8 77 R 2 e 5
i
2 VLI B ANBI R T v
2.1 BURLRIR

SO AT T BRLR 25 [ POST (Physics of Stratocumulus Top) 3 H, POST i H ¥zl & Ad ] 1 #5
FRRESE WYL FT L (CIRPAS) (1) Twin Otter i 7THL, M 2008 £ 7 H 14 HZE 8 A 15 HAEINA4EE L
M SR AT 7KL 20 NSRRI ®AT o 9 T IRNBE KRB ST 45 R 2 m, ARSCIERC 7 H 19 Hix—328 kit
18T, ZZEKITIRINZR = NAEM K = (%4 (Cloud Imaging Probe, CIP) FTill =& & M P34 K &
B/NF 0.005 g m3), B 1 A KHL RATHE. N T B RO A R B AR AR, A SR T %A
Bl i) 9 R B I FEIEAT A, SEEUPRHE R IR & AT S T AN = T .
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Figure 1 The flight path of the aircraft on 19 July 2008.

=i voRHE 35 E DMT (Droplet Measurement Technologies) 2 4Pz« SV AR KR Tt
X (CAPS) 1] CAS (cloud aerosol spectrometer) #R3k3k#3, 4N 10 Hz. CAS 3k I &5 EI 1%
0.29~25.45 um, FEH2 558 20 84, FAAKRT 1 pum BT M OMEE, AT 1 pum
AR B . BT CAS 1R 0.29 pm, A2 DL E T ISV AR B, (HA S Al S I
HOR BEMOEVERE T, AMUE B ordT, DRI Fe 45 B s o 3 BLE BE BRH H N4 J& T2 KBRS 4y
R (UCH AL A TLALIE KR 283545, #i% N 40 Hz. Ao, %M T EE Gerber BEEAPRAT (Gerber
scientific Inc., GSI) kL TAFRMIEAL (fast particulate volume monitor, PVYM) FIFil )45 7K B 47 i a1,
By 1000 Hz.
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Jc:[%i(r‘i_rm)z nijz' (5)
d="2 6)

A ni NERRL T RORE CRAL: em®): Kk AREIANEG N NBEOREE AL em®): ri NEFRIRL T
B (AL pm)s r BPFIEAR CRAL: pm):s r AEEBPPEE (AL pm): oo AFRAEZE CBRAL: pum);
LoASKE (BAi: g m®); pu ABUKEE (f7: g m3); d NEEUE (EEHN); Fhxi BB i
o

Ph = ARvE N = R EORE Ne>10 em3 #1547k & L>0.001 g m3 (Lu et al., 2011), =EEERHES % T
Gerber etal. (2008) HJJ7i%: LMRZEBRIIE /KB AL EKE, MG A E /KR RE S B A4 Hh 24
AR IKE N O IR R s FE R 2R o AR S RATREZ0s 9 IR BLoF =i R I Bk i, 4
BT B [ B P 2 3 i B P S ) T R 2 W T B o 2 PR AR AIE DA 2 T % 9 D LA S B i 2 )
IARSE S R, B PVM &4 HE R BORN AT B B N RIS 1. 2 IREE F il 7210 CAS BRI 15
FrKEA PYM B BTl &K & ZE0UR K, W2/ D — MR B, A S 1, 2 IREEF o
AT AT

3 g

3.1 B EL R R AREE

LR R A — E R bR NI EEAAFIE, R 144 H T AFETEERERER = (So) M
PAFIERIXT L . X T POST Bikl, HBREZMAMBIRGEEA—E, WEIRE B 5 25850 5 2K s
FE . mBIRBEAEANEF mid FErh 2080k, AWM B AR i B BUEA 2 . X AR R IR 1
EARAEAFIE R UKL (3R 1, POST iRl EMR o 2R mm . BOKE. SKESMY
HELY Luetal. (2007) Zp#rH0HERE SRS EEM Y, (HR2FKMHZR = (GRIEES, 2018) Lk, POST
PG Z IR B oK. 2T EEAL, BORBEAME/KEWMEVN, KX Miles et al. (20000 451
MR SRR E 2 Z XL ZRERE, Ao POST SORITHRIIINIIG ZIR = Ae s %
— MR AR B IR AL .



1 AFPRIE ) Z R o A B S 1 (55 N A AR & R RRTEE %)
Table 1 Average value of microphysical properties of stratocumulus from different sources. The figures in the parentheses are the

standard deviations of the corresponding properties.

KU FolFs wR~z =EEKRE TKE FEER B PRt ZE
(m) (cm®) (gm?® (pm) (pm)
3 226~478  249.58(91.27)  0.22(0.11) 5.27(0.97) 0.31(0.10) 1.55(0.35)
4 254~478  253.46(107.11) 0.24(0.16) 5.24(1.01) 0.35(0.12) 1.74(0.46)
POST 5 215~477  280.00(97.91)  0.25(0.15) 5.29(1.22) 0.30(0.12) 1.47(0.45)
20080719 6 197~457  316.61(108.90) 0.29(0.17) 5.43(1.18) 0.29(0.12) 1.47(0.50)
(¥ Sc) 7 134~409  274.79(121.51)  0.26(0.17) 5.19(1.23) 0.32(0.15) 1.49(0.50)
8 179~433  286.72(107.92)  0.25(0.17) 5.08(1.31) 0.30(0.12) 1.39(0.34)
9 152~417  305.97(122.23) 0.24(0.16) 4.80(1.16) 0.33(0.14) 1.48(0.51)
Cloud 2 315~555 228(57) 0.09(0.05) 0.35(0.04) 1.56(0.22)
Cloud 5A  222~667 401(90) 0.36(0.08) 0.25(0.02) 1.69(0.21)
Cloud 8 193~570 118(32) 0.37(0.08) 0.28(0.05) 1.91(0.39)
Luetal., 2007
Cloud 10 300~685 43(10) 0.09(0.02) 0.40(0.03) 2.85(0.43)
G Se)
Cloud 13 101~450 136(48) 0.13(0.08) 0.33(0.05) 2.21(0.31)
Cloud 14A  67~364 183(31) 0.37(0.03) 0.33(0.02) 2.14(0.26)
Cloud 16 100~366 479(24) 0.30(0.04) 0.30(0.02) 1.91(0.27)
jKRIEE 4, 2018
‘ 600~2500 624.4 1.06 5.56
(J778 Se)
HEE A 74(45) 0.18(0.14)  7.1(1.7) 5.8(2.0)
Miles et al., 2000
bt 2= 288(159) 0.19(0.21)  4.1(1.9) 3.1(1.2)
3.2 =V U v A EL A AT

IS 7 R B I AT 0T, IR S HUE I e R R AT AR ) BRI AR TE 2 MR
(E 2>, FTHCASE 4 FI5E 7 IR B 5 = R AR SR R B AT Wy B R 404, FEAd e TR B R AR
B, (EPEfEERe. 87 REEF IR, WT EANE, ZKEEN 134 m, =T&EE
NA09m, FRFEEN 275 m (K 3. Bl 4. F 4 REHG IR, WL T THME, ZKEEN 254 m,
I E RN 478 m, FPEE AN 224 m (5. E6).

BT IRERT AT, EERE (0~50m), ZWMEIRERVN, EZIKULE 40 m ALTFaa1 K H A
WK, £ 10 m m EEVE I A 3 K3 398 cm®, i P RARTE 2 IR BA B2 40 m =i BE Y B BUR 3D,
bR EZE R BORMEE) (B3, miMEE MRS (B 4b). 54 REHF 2L RIEN
FAL (E 5. Bl 6.b). mHBOREEZMIUEARIEE R (B 3b. El5.b), 1M EREKREE S 2 RMEREE
AR SR T ICE, A OC REAESS 4 NS 7 I B 5 = AR 70 ik ) 1-0.92 1-0.91 (& 7), ¥t
TR E A RER AR KA TR B K SO/ N = . RIEER T (Wallace and Hobbs, 2006),



fE_ETHREE CCN KA FE, RUEBCRMRL A imtl, BEJE/INRL A R A, R8s )R
MR b REARYS], iRk, & CON L REREAT, =Bk RN, Mt
VLN BE IR B R AE I, BORFE IS B KA, ENNERRL T RSN, k&K E AR N 45
BHRE, KEREIEBHRLT FIAL AL LT 200 1 s v 72 A B IR 1 K

%7 REEF RS, ERNTE (50~200 m), iR EM S /KRB K, ZRbRik 2 mE
B B RS gk (B3, =ikl AR (B 4b). HEIAMRELE LR 6 um 4, RiFfd
FREE5S, LA = s KR kR . CON IR =i fE, =i mdkefb K, EKEF R
W K. BT BN RE BRI 2 KRR, Bk m M REBASSBTEY, iikaT 58
#7341 (Wallace and Hobbs, 2006), AT 75 2= 1 i 9 52 6 v BE IS INaZ i/ e A, 2 B0 FE AR AE DR
AN, EAKEWAHPAAAE — RN ME. rah, B NERES G2 S B MOk
RAARA, RS IIFEMEN, 10 E i RIS K EFEREN/ME: 54, BTz RN 2
N i B AU, HIHEWT = R 8D . SREKE, HORBER S /KRR A HE KA 2
H 3B~ £ =i (cloud holes) SI#2). Gerber et al. (2005) #2H —FhfiE =% W& K& 15
SEHUE Lo FEAT 8 s BRI 1 B35 37 e LA 8 R 4L Ko=0.97 13 38— VP Loy B AGEE Lo H/NT—
T Lo EEE SRR 5 BT 3 P25 9 e LR B R 2 Ko=0.94 133 P34 Lo IEI UG Lo
INF ZUCFE Lo B SOAN R . 5 4 REE T Zd R g R4 (B 5. Bl 6b).

07 ERT AT, T (200~275m), =MEUKER SR/, PR g KE
B LR SRR, AR R B RS RS NI, A EFE BN K, iS5 A
#m (K 3. FAREEFZLBRERTILLT 10 mEHEEAE R 7 REEF LB LER (B5. 7E
X B I PR TS, BRI, BRI A A, (HR KM EOR E A /M i
K, miiBEMmERS, RHEEE 7T REEF IR (H8b), X5RTHFEREGLHEE K. mTLL
ERTFEAREHNDE, TR R A ZE R TR RIS & R AT IR &
B, BRI/, mETE K (Luetal., 2011). B Q44 H 745 4 ANEE 7T IREE T mid i =
W = T HOR LR OR IR BRI B0 AT, = WAIE IR SR ARG, WG G e 38T
K.

N T SRS M S 2 R R B A LR, I 4. B 6 APEE T B M i S B A . AL
B3, BRBTERZOALEIM, B E B A AF IR KIS, (ER a] DUER T 25 B 5 b =
RN R RR R A R /ML PRI re BESEAT 43 A o E 38 B BE (AR O AR B e B (] 4 v 125 m), X =
TS EREROR, mMiEaE, RERENKIEREE MK (Yum and Hudson, 2005), LI S 45 RS2 EL
S9N o A3 B AR ME FTE S B (B 6 113 m), XN I EOR RN, sl
B . ZTUF I R e TR A M T B B RN L BN, SRR, BRI 2 R, =
TS

LREKE, mIHE TR BRI EOR, B FESE IRy, SRS AE = T 3G R . F) B 2 ) 2
H51 415 Wang et al. (2009) 45 H H#EE Z 87 2= 19 =AM 25 SR+ — 350G K2 B B 045 5 Peng et al.
(2007) fAIRERIT Bt 254U, Pawlowska et al. (2006) AR ZAN 2 (1 KHLERI R BT 13 21 7 =3
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content, and the data from cloud holes are highlighted in red.
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cloud base along leg 4 (a) and leg 7 (b).
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values above cloud base.

Aerosol Number Concentration N (cm'S) Aerosol Number Concentration N (cm'S)
a a
a b
@ 0 50 100 150 200 ®) 0 150
220 [4l .t 2.2 84,87 ' 1220
l}‘-. ey G ¥s..
® %o o, o . LI &
200 vy ol .ﬁ, 1s00 250 . o 250
oo ‘.
180 ,.‘:‘;ﬁp e 180
° . 53
¥ o AR 200 *1200
160 f—:\?: o ;3:"{ 1160
—~ ’. ° —~
%140 :"'.-‘."'. --.-n"!::" —140%
2 o3 8 WS- 2
oo C Al * @
z R z
_g 120 F ) g) 4120 _g 150 150
Q 0( (143 PRI o
2 - 2
S . ° '.: . 3. o ] S
2100 [ A oL 100 2
: %, F 5
= 80 NN, ,’,‘ ~80 2 100 100
oo © '. ..‘ ....‘. ..... e o [ 4 'y O
n'.%;’
A Sad
60%° BTNV e =4 60
e (e 349
By ‘n "‘: Fij P
oo &
40 Feg 5 L RO 0 e, 440 50
‘P. cuy Nt .
k ...o ’.o'...‘... e% o * 00d .‘ .
20 _’.-. . : e 420 .'tr'll .
. . "0. Y
oo oo % .{ .: had
] 1 ] 1 1 ! ° Wite
0 100 200 300 400 500 300 400 500
Cloud Number Concentration Nc(cm'3) Cloud Number Concentration Nc(cm'3)

K9 4 (a). 7 (b) REHF LB ZWERE (Ne, HBE D FEREORE (Nay WD B0

Figure 9 The vertical distribution of cloud droplet number concentration (Nc, black dots) and aerosol number concentration (Na, blue
dots) along leg 4 (a) and leg 7 (b).

3.3 fa IR 2 IR A IR Y B AR AL

N T RNER IR G AR i 58 L AORE 0, FIRT 3.2 T HUAIERRRE B Z i R P 4 50
DR 73T 735l Hr e R M A = 0 o8 FER A 7 i T o R S T, =N
R — BRIk T = EL L 50 m JE P BOE0E £ 0 TAER IS 5, AN RFERE (UL, LA L,
3R LN R IR = SRR KT 0.8 IR N E . La T RINERBOE = Ak < HIFHINI

BT, BB RGN e [ I i 4 G AR A HE S K v 4 S 7K & (Wallace and Hobbs, 2006;
Salby, 1996).

i EE T SRR LR MBI N W EE T EMEIE 2 s, WEERIRK. BRa Nkl
WRKAES, BUILEKE, ZWBOREMZHRERR, hHatsais KR Emma 95, Sy
HEZANTBUN: DA REBREEE 3T, B EKE . ZWMEBOR B = R EEARX N, BRI AR
HEZEAMEL AR K BMATT S, e bin LR B R T Sl b B, FER T itk
LI AP EOE R A T XWAEIIE TR MR R bR 2 S B . e A B — L e B

13



B T e 5 2 BT ROINR Z A 9%, (HIX FEANGIAG HE AL 2 I R 4 54 2= T BB R 22 57

®2 MEFZIBRPLARS AN MY EEFIE R “)” BiEA%ER R TFIME, “” FEASEBFEE
Table 2 Average values of microphysical properties in adiabatic clouds and cloud holes along each leg. The figures in front of the «|”

represent the values in adiabatic clouds, and the figures after the “|”” represent the values in cloud holes.
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3.4 25 U 98 P A R i LA

H ISR AN A R AL B R AR, IS CAEE 7 IR B il B 43 J 0 2 3 2
2ol P 2 T S T T TR R A R AT A0 AT, oAt B 5 2 R P A A s R 2 T 9 B B 2 TP R G R AT
RIPLEH, R 5HE 7 REATE ZIREELL.

LKW, mWEORE FE M RAEX, TESHUE FE A AMAX, 280K b 2 U 1
WA R, 5 B T P R K, R B U S AR B R ORI SR DG, AEOC R Bk
$-0.90, BHUESEBCFH AR AR ZI MK (K 100, XEERHAR P REEENESIERS
B, MIEEEENIER, ZNAEZRAGRMR, 3G IR, Rk 1 2 Ba S AN 7
ZIHBOREE; T o WE SRR R TR E, EFERE (MZESE, 2010, 3 E#EEHE AL
NEHR TR, 2 REESER FIR R T3 516, I = REEAR L 68 =i A 7%,
M S350 T 2z i 5 B AR/ (Liu et al., 2006; Peng et al., 2007). Yum and Hudson (2005) 7 F 4 5kt
SEI KA 7T 2 TS I SR I, FE45 7€ CCN REAMARIGIL T, 2 BLIH FE A3 KO S 8 2 M AOR FE 13
KEL Kz s 56 LRk, Luetal. (2012) 7EXRIN BRI 1 2 B0k FE 5 2 B L 1 IE AR SC R & A
KOS EE ST H OO R . M E RN, 50 NI E/NEE R, BOREERDN, i
7R =TS AR, = e G K.

e BT B E 5 BE S S BRI R IR SC 4518 5 Wang et al. (2009) 43t S 04 i) 15 3
45—, 18 Liuand Daum (2002) ZEMLIIK 13 /MM ) 11 ASAME) BRI T B UE S5 80K FEAAAE IE
FHORHE, Liu et al. (2006) 7ERLQHESAIEUERI B IER] T RS SHOREE M IEM XK R, H Liu et al.
(2006) #& AR AIREALLSE B2 @A FE LRI HI A AT, 2 AR REUI R (BFEHY R %
TSRS WML AR . TR R IR WA FIBEN . Chenetal. (2016) ERFFTS
VS J TBI 2 280 B R TR 2 s 5 FBE 1) A8 A LIRS O, AU 2 SR 7 2 Wi/ (I BT P R IR O B2

14



(T ECARD 5 A ARF 88 1550 I R RE S N T 386K, 77 /N 252 /N 25 30 T 500 38 8 N i o/ - 3 T AR AR [+
BT A5 3 (0 20 5 55 1 5HORIE 2 AR FI A %M. Chen etal. (2018) i A I v Fi th it 2 i 4 5 J38 M1 BGk
FERRmN T2 —, A7 10 B SR BT RS A K.

RN, ZWEOREE . MR B DR R 2 (R A et S v i A 1) (1 10), fH
T 5 BRI AN ] 0PI DA 380 2 1] A SR P A 8 5 B A B X A MEL X 3 A A 2, I B R R R TR
AR i 2 RS R R T 0T ORI N R B BB IO, T R e i R A A A B 5
YR, B SHOR AR SEBUE BRI, 5 B SRR BRI UHE K. £ESER
KAH, ZWNEBREKENTHERGKE, K#HEEHz NG BEER G R S8, FIRA
AL RFERE (LIL) TENETWORERA SRR ANE . BRFEERK, AR, NERR G R
FERR/IN o TE TN, B0 FEFN 2 AR B BRI 1 IEAH G, 17 B9 AR 5 26 AR B LA ARG (1 47k 6 (T 11D,
VOISR R, BOREN, ZWE TR . B S0 BT B R B T ¥R Wl B gl T 24
ANE

LERE, AR, FTEEEN ZHEOREE . 20 588 DL =i 58 5 = Bk B
KR EAAUEE, (HEGRFE Y] B 2 i R AN 20 AR R 02 2= 0 1 8 15 1) 2 2
SEMARF o 0 95 B 5 2 AR R AR I S M (B 10.d) 3R BA 223 FUPE 2 2 T s 9 2 ey s i [
o DMEWFFERIA, 7500 o B 10 S AU 7 T 20 AR 38 2B 2 B i B0 R I 4 (Wood, 2000;
Liu et al., 2008). TE4i# Py, LK RE SR M RE W a T — 80 759 BHUS RN, SHUE
H5EMRERMOAERE: BN, RERGEBESBaMAER, =MIERN UL BEUE R, 5k
JE 5 i R IR, 78 i R IR (6-8 um) HE B T 8 B0 o A P 24 A2 180 K 484 K )
PR, WEES RO REA L. MEREET IR, BHES MR R 8A - 23
fiAoe (£ 3), X5 Liuetal. (2008) HI4518—%, Liuetal. (2008) F&T It AT IO B 8% S 500k )y
SRR (GCM) AU IR (3 ROV I 4321 1 NHT (Xie etal., 2017).

15



(a) 7 (b) 7
- . 1.2 :

~ 600 T T T 7 T T T
‘s R=0.45, p< 0.05 (adiabatic 50.50%) =-0.37, p< 0.05 (adiabatic 50.50%)
E 500 R=0.51, p< 0.05 (cloud hole 23.65%) 1 =-0.27, p< 0.05 (cloud hole 23.65%
o r 1 ~ 3 ° 1
= g
= o=
.g 400 ¢ §
£ &
§ 300 a
5 z
o 200F =
5 &
T 100}
=
Z
Vertical Velocity w(m s'l) Vertical Velocity w(m s'l)
1(;) 7 1(gl) 7
] R= -0.90, p< 0.05 (adiabatic 50.50%) ) R= -0.34, p< 0.05 (adiabatic 50.50%)
R=-0.81, p< 0.05 (cloud hole 23.65% R=-0.61, p< 0.05 (cloud hole 23.65%
= 1le ] =~ 1r ° 1
= =
2 2
£ 08¢} 4
5 3
& Z
a 0.6 [=]
) P
2 2
=047 =
~ ~
0.2
100 200 300 400 500 4 5 6 7 8 9
Number Concentration Nc(cm'3) Mean-volume Radius "v(llm)

K10 28 7 IEHF Z I BERZN AN ZWEkESRERE (), SMHESEEEE (b, SRS ZHERE (©
PAR BB SRR (b)) 2R R (RIS, DO, HBERAR S B i N8 b
FAR G o U AU D

Figure 10 Correlation between cloud droplet number concentration and vertical velocity (a), relative dispersion and vertical velocity
(b), relative dispersion and cloud droplet number concentration (c), relative dispersion and mean-volume radius (d) in adiabatic
clouds and cloud holes along leg 7. Blue dots represent adiabatic clouds, and red dots represent cloud holes, and the percentage

represents the proportion of the number of samples in adiabatic clouds or cloud holes to that along the whole leg.
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Figure 11 Correlation between cloud droplet number concentration and adiabatic fraction (L/La) (a), relative dispersion and adiabatic
fraction (L/La) (b) in cloud holes along leg 7. L and La are observed and adiabatic cloud liquid water content, respectively. The

percentage represents the proportion of the number of samples in cloud holes to that along the whole leg.
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Table 3 Correlation coefficients between microphysical properties along different leg. Nc represents cloud droplet number
concentration (cm3), w represents vertical velocity (m s*), d represents cloud droplet spectral width, and X represents the adiabatic
fraction (L/La, L and La are observed and adiabatic cloud liquid water content, respectively). The “Nc-w” represents the correlation
coefficient between cloud droplet number concentration and vertical velocity. “*” indicates that the correlation failed the 95%

significance test.
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3 0.33 -0.07* -0.69  -0.40 0.13 031 -035 043 079  -0.23
4 0.43 039 -075 -055 0.20 030 -045 049 076  -0.46
5 0.21 -0.07* -0.61  -0.39 0.46 036 -078 -037 066 -0.73
6 0.58 033  -070 -0.39 0.47 -0.05* -052 -023 068  -0.66
7 0.45 037 -090 -0.34 0.51 027 -081 -061 062 -0.71
8 0.28 036 -046  -0.59 0.37 059 -063 061 065 -0.74
9 0.36 -030 -0.89 -0.37 0.16 -0.06* -0.68 -044 066  -0.62
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