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SLERRZ R AR SR SRR 5

TR, BB, TBEY, BHE", SHiEHL
OFBEALIEMXSDRE, 58 AT 810001;
QBFEBEARKREM AL, FiE AT 810001;

*BXZR A, E-mail: srshine@163.com

2024-00-00 TR, 2024-00-00 5%
ESEREMARITYIIE (2020-2)-711); EOXEHESREARIFERFAR (2019QZKK0104)

BE MAEDIDR NIRRT FUERS (PMS) M—REZHBBRRZRHRITOEERR
WRIRH, ART ZROMYIEEREE. SRR, FFHRBENRZRA 3 EZEAN, BB (Cs) B
K=, PRE. THRENBEZ (As) AZRBREER, TRKSERMNT TESERRIHT LEF TR,
HEEHPTHRIRKSERZAFIRERK, BEERASEXEFE. SRKBERNBRSRFEERPE
BHRHE 3.5um-27.5um SEEMNAIRE, 30.5um LU ERKFEARERKE, ETESES LT RKSE
XERABHMMIEKIR, MR THFERBERNIKERN". ETESEZERKSEK, TRKEE
FEEEREGFAYMEIR 90.8£10.9%, BHEPEBERTEML (95.6£5.6%) BBESTHLEER (79.8x12.1%), AATL
HERRAEIC IR T BRIFM,

XK@ =TRE BRER, MU, MERFUERS (PMS)

SITREEKII. EUMREIRAR, thtEEE8maE SHESREN, BESHRIRIBAIHREX
g, BRPEDERUMBREEZAVKERFRIPX (F8HF, 2020; 9F5FF, 2022), ZHEXALERKE
RRARZITRESESE MNMATERFIVNEZRIRER (BAHESE, 2003),

BRIXMZAIAR, 2 EBNEENCERNATIRE (BER, 2013), KNMWBARERR
WA FRSHIE—FR, B CTILMUARKARRRZEKIERAR T EENANSD (BERS,
2021), FEMA NN TUERSE (Particle Measuring System, PMS) MARBXEEZRAKBES
SEHEMRMYBEFEN CNMNFARERE, SEXFREXKTERESZPFEEERNIMN. BB
£514 (Fleishaueretal., 2002), PURIERIIMEK ZEIEKIFIEERBREIER (McFarquhar et al ,2007), 51t
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WX 1318 B L SR FHIE S R A —B(Lawson and Zuidema,2009), {BIE KX A0S S BEFRIKES
2. kS ENEREREETRE/N (Korolevetal ,2003), EFERFIAREISHE PMS RERI CHLLN
AR (FXEZ, 2005; FiHHESZ, 2007; KMES, 2011a) FIFEZE DMT(Droplet Measurement Technology)
NBEZHPENERS (BEHIRE, 202]1) WEAZRARERS=IMUER GREES, 2011b; HikES,
2014; EJTE, 2017; BIKESE, 2013; &H%E, 2016; HNESE, 2018), AERBPEAAMKNERE
HRHNBHLTEFEESRAMMNSEY. BN, EATERABZTRETSKEEERAETENSH
(BEBE, 2008), ROBESTHRSKIKERF, B2 Sum -50um =R FESHAMEIRZ =
RIS KBIREITRR (Field etal 2004), EARMK, FRAZRFHNRFESAEERRK, MEXR
WRMBESEZHPKRT 30um =K FRIKEBRF (Cober, etal. 2001), MB—EEAZRKRSTR=HH
FPRFAER S 10pum -12um (Korolev, et al.,2003), =LIEKESEAP RSN FEFESEERE
3.5um -21.5um RISEEA (EBRRSF, 20132), KITUWRBERZZHEEEDAE 4.5um-30um (4751
&, 2021),

2003 £ 2004 FHAE), AZERIIEKE, BRFIE PMS EFEZMXART ¥HMUHKE, BNET
ZERRSEBKZRNEES BRNER. HFkR, K&EB DMT RENS R CHAIZEXHT TR
17, BEHF YTRERESESEERIR CITREMIRE (FEHDE, 2022), RERESBIREE 6000m
DATRIMIN R, ASGER 2004 FXNREHITRES BEEERVACHMNER, BN FESHT
SEANNEMLE, RATEMYEEESE. FARNRESIZIEX AR 2R RHWERFENIAR,
RN ATIBRIEVHAREEENRLENL.

1 TCHRNEEGE
L1 RS 5 T

SHERMRESAMNSTSERFM, 2004 F 5 B 13-14 B TREARREARFMEARSERE. 5
A 13 B EF AR XATEREESRT, WMUNERZRZNHBERYSEFAIR. CRAARXE,
THERSEZZRKER, 10:28-11:48 HAE], £BBEWEESRYL (34°44'N,101°36'E; 3500m) FIETT LY 10km,

EEESRL (35°2'N,101°28'E; 3663m) AmMA ML 15km I LT, MRS 6 BEXLiEo EZEERN, HU
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KITHL] 1h20min, MESSKMNZREARE. FE 2 i 08:00. 14:00 =R AWHSEZ= (Asop).
SNE 1 AR, KT RS XSIEERENBREEM SR KSEKATRNEESERE. TR
MUNBTRERE LM FAEER- LESES-TEBELR (Cs-LE As-TE As) BE, HEBPEFE?2E
FE. 1028 ¥HNEERESEEBREE (H) 5100m, LIEEERSR. IRRNAX, BTmL, NFTEAs=
[EFHRRIEFE RS, 2iRleH, BESE, D3ETE As =T,  E&B. TRERF Cs =EEEB. TRER,

B 5350m. 5700m. 6000m =& 7500m, 7800m EF KIFN., SRIFNKFIEEL 50km,

8000 26.0
o ,.J———
7000 -20.0
E o
< 6500 <
H4-14.0
6000 ’
5500 A ‘
I J 8.0
5100
10:28:15 10:43:15 10:58:15 jt“ 1H3J 15 11:28:15 11:43:15

| 2 EEERN $ITHMITREE

Fig.1 The flight track of layered itinerant vertical detection

BAMEE 0CEULE, THEFEEEIN. ARETE As [KEPFF TEAFE CIRUNEEZUIRER
K, BKREE 1.5°c, FSRERERN LTAREBNNEEER. BTmL, SEFRUEHYEEKIR:
-8.9°C, -9.2°C, -10.4°C. -13.6°C, -23.2°C. -24.7°C, RN KITLERELY 20min 5, AIEEEYL. FRELAIIHIIBEK,
REREEXRAEZEER, TEEKESEIA 9.8mm, 11.3mm, 13 H 20:00 FHAEL. FELREEA
Asop,
1.2 WAKEE, RERTELE

WK, XTRIREETRIFIEERSL FSSP-100 (f&FR FSSP), “#HERE R FHRL OAP-2D-GA2 (f&FR
73 2DC) FIRE RS2 7K EIY King-LWC-5 ({&#R King) #H1TT RZRIFE, FXI King HRLFITTIEZ KITR
I, YITRISEPRY, MURNZETRRE, SEREFTE. RUNE=SPREMFEKELF, “4EREREKF
e e SUNES Sy SR
1.3 WYEENITERZ

ARILA N1, D 93 503R7 FSSP FTUANEREURE. FIHER, AN, (550, Dma (>50) D 8IFRAs 2DC Frilll
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D;254.88um LA BN EBER =R FRSBERE. FHER. HP, M BAIA om?®, Dn BRIA pm; N (> 50
B{IA L', Dm (>s0) B9 pm, D; . n(D)7I FSSP 5 i WEBENFEER (BA: um), HUFHRED
EREL (BfI: cm™/um); D; . n(D) 2DC 5§ j WEBERIPEER (BAI: pm). R FEIREDHRE (B
fiI: L'Yum), RAE7KE TWC (Total Water Content) NS EZ7KE LWC (Liquid Water Content) FIKF#E 7K
2 IWC (Ice Water Cont ent) ZF, King IRLLMEFKSKEE LWC (I LWCking) . FSSP FTIEKE
LWCrssp. ZKIEE7KE IWC, RUKE TWC BAYA gm’, 8K EELZE /i (fraction of liquid water) JIiR
BETPRSTILKEE LWC HGEE7KE TWC BILLE (B %),

14 ZRFIESHAESZE
IF 2DC EFER =R FHESHIFIBI, ARIEF McFarquhar and Heymsfield(1996)89#3#&, LA 2DC BEl{&x

ERFHEABIRAZART 1250m ZRFAIEZS, KA McFarquhar (2007) B9733%, LA 2DC ERZEENHIERK
Bl sopm ZE 125pm RSEENMNTAFEERKE. SWF FSSP ERNTHFIESHAG, AXEZE
FSSP =Rl FBRRTIESFME. LWCrsse 5 LWCking FIER. King HELTMES FSSP ERA—ERESEER AL
FEKETTEENIXITRBEX MR FSSP BRI R FIIES.

1.5 ZRRE
ARBE=TRB X CITRMMNAISEFRE SR, FERFRERE (2003), 5K (2012), FEMZF (2017)

HIREBEIE (2021) BRMETTTE, BN (> s >0.1L" JKZEIE, Ll LWCrssr>107g/m’® JiR A= HIE.
2 AREER

2.1 ZHYESNEE D HISE
2 ARREHD BEHWREEF FSSP, 2DC. King HLMNERSEMNSHE. KITEMMN SR

Cs L F 27 7400m-7800m ZELL, BZ) 300m-400m, =R EA B LK, 5 ETHERN As S BIRITFE 6400-
6600m, 5100-6200m ;HELL, FEBL 200m BIFE. LE As AEL] 150-200m FIRERMEENXTE, T

2 As HEEIX 1100m NEZEL=E.
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bl b2~ b3 da d2
....... — _ . —
Cs 1%__;'—% Tz %_ =
75000, ..oy — - = = 232
7000+ 1185
g ~ = = = o
S 65001 FEAs = = — +15.7 <
E CERAS = i = <
60001 * . " . | — — . 136
: .. : " : _. : = E_ ) -;_Ti
5500/ TR AS , ‘%‘_ = . e 97
P =
NP SN - S L —
5000 L J 4 " 1 L L 1 L L L .85
0 25 50 4%10'10° 35215455 0 03 06 0 03 06 0 50 10050 700 1400
-3 -3 -3 -1
L /km lecm Dml/mn LWCFSSF/gm LWCang/gm N2(>50):1, Dm2(>50)/p_m

B2 =RZEEHDEEWE (a) FIN: (bl). Dm (b2). LWCrssp (b3). LWCking (c). Naesoy (d1). Dmas0
(d2) MEBRSENEETKL

Fig. 2 The layered vertical structure of the cloud system with altitude. ( a is the cloud system height distribution.
bl is N1. b2 is Dpmi. ¢ is LWCrssp. d1 is N2(>50). d2 is Dm2(>50).)

FE 2 5] 0, FSSP #12DC 7£ Cs. L= As, TR As PEMNEI =R FFE (B 2b1. b2, b3 F dI,
d2), £ Cs f1EE As F King FREIIARMNEIRSITLILK (B 2¢). HE 2b1, b2, b3 F ¢ AIH, Cs =
FSSP MAEIBREREBERRANTHIFEE, B LWCrss R\, REARAREH FIREZT/NF T
B As, £EE As ZIMRRE, =R TFFHHD M. RBETE As 1 FSSP MR B RERSMERR/IN
TEFHESES . HP, £TE As LB, FTELL (5700m F. 5350m F) LWCrssp F1 LW Cring IIHIT
tR1E, LWCking TRA{EIX 0.33g/cm’, LWCrssp 5 LWCkins NEEH D HENEE—H, EHEBHEER. HE

2d1 f0d2 80, & Cs. EE AsTITE As & 2DC #MMNEI B RR I =R FELED T, Noesof DmesodItk

S|

KEHITE As, BIITF=REENTE As # 50um L ENTZRFIRERS. ER&EX.

BTE As PMYIEEE, SHEITREFURER = TREKHERNMNER (E2ERF, 2013a)
FLEREREA, X As B9 FSSP FTSFISRERESTHEILSREXIERZR, BTzt XKEWN
ZR, BERANAEMEKESE, XEZES=TRXFTHKSAEX (&LHSE, 2003).

2.2 EETRFKESHISERESAER
2.2.1 T2 As BTERI
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(1) TE As FTRENU M ERKFESIFLE

ETE As = (5100 B) F RN, HERBEHN, BEXABTOKSEXREI, FEHARSZ

BRIAVERMOHT, B 3 4HT 10:44:01-11:02:57 ZEFE As BREPAL (5350m B, -9.2°C) FKAT FSSP.

2DC. King HEMMAIRIFRE. B, BINEMNSXKE.

0 L L2 L3
I
(?E 101 ‘f-g.n-;’,{m’.\&v& }””M‘?"‘,_}:%a e
Q -1 *
% 10 .}“"‘W‘W
e | ha o
"2 0sFp ‘ g
% 025 5
| ‘
= 455F w w =5
SFe -
i | -2.0 2
= a5 hy i ' =
ol w«mmmmw i
3§ Ii | | 1 = i i 1 ||l| |l nn 14503 0 :.ﬂ
—_ [ I I I
iPer v DR
—~ o * o
% 10-1% I : Nz(>50) - Dm2(>50) 1 750 R
= 10 & t ]
= e . Y MR y'..\.”“,may,s,:\ol‘yo QE‘A
1400F g T w w Tm20 &
E 1000} _ 4,58
S I I L I T | 30 5—
10:44:01 10:46:50 10:49:39 10:52:28 10:55:17 10:58:06 11:00:55
JbZEmE (5350m, -9.2°C)

3 TR As FTREBAIAY Ny F Dot (a) . LWCrssp F LWCking (b). FSSP B#RTIE (c) (BARI: lg(ecm™.um’)).

Naesoill Dmoesoy (d). 2DC (D> 50pum) BEESIE (e) (BAfZ: lg(L-.um)) BEREAIKFEZRL
Fig. 3 The horizontal distribution of the middle-lower lever As over time ( a: N1 and Dpi. b: LW Crssp and LW Cxing.
c: FSSP instantaneous spectrum(lg(cm=.um™)). d: Na=s0) and D50y €: 2DC(D > 50pum) instantaneous spec-
trum (Ig(L3.um™)).
B 3a JLURI, TE As FTREH VMiKEDHRERRK, 5. REXEE 2-3 M%K%, FXETX

450cm>, 2 N8BT 10ecm™ LA LR, BEEEAY LWCrssp, LWCking @BEX (39>0.1g/cm’) HIW (L1-L6 X) (B

3b), Dmi EPFTE 15um-20um [B], M2 N /NFA lem? B, Do & n(D)EBEE S, THBKRSTSKXE

EEIJO

RS, HE 3b AT I, LW Crssp5 LW Ckine T EBE AR, MAET S KSERX LWCrsse BB & TF LW Cking,

B Nk, LWCrssp iR, 5 LWCKing%E}'L&EEE (W L5-L6), Z55E 3c ATA0, FSSP ERENARBR T =FI

F n(D)NAE R R EMXMERNIRE.

—2H FSSP. 2DC Pl =R FEERTIE (B 3c. ) A, HiESHAELRKE. REXFEHEE
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2. 5EE 3d fiix, T2 As PREB 2DC AR I =R FEBHMETLLKEER, NoesoSEHE 1-20L
SEERN, DmesoBalo T, RABERAE 1000um LAE, MAERKESERK, 2DC JLFRMNEIAR T =4
F. RPEZZEF, —HAEEFHKSHEEREFKSE, MNRI R FREESE, FRBREEK,
EXMEEEKARRETERARI T (W LI-L6); B—AHE, FEMNTFIAEASIEIIKEE, FR
NRIKERFREREERK, ARNERNIRESRFELRZ /)N, MBNORSRFEREIR,
£ L1-L3 QK EER, 3.5um-9.5um RIFSEER TR FRI n(D)BAE/NTF 12.5um-27.5um =K F (B 3c),
BT, HILSKEEXAE FSSP, 2DC BFRTIE (B 3c. ) H7HEE, HANL KRR FERKEKER
T, FSREHFHFHRMMHIEK, HRKEBHOARRTIKERTF, FAMMBFERST QKR ISKIE
EX.
(2) TE As FTREAU=RFEESHIHIE

B5E, #150 2DC P2 KT 50um LA ER¥IFIEZ. HiZEM 2DC miFEGEEZENKERRSHE.

AR KR EENKE (BlER) , B 53um-125um RSEERRA KR F71E, BILEAIERIZ 50um
(BD Dj254.88um) LA LYK FHEZSAIKIE,

HR, U7 FSSP BRERNZHIFHEE. BITWE LWCking 5 LWCrssr FEITSKBEXNERIER (B 3b)
"0, F LI, L2 X0 L4 RIIAEED XL, LWCking 5 LWCrssp B, £ 3.5um ZE 27.5um RSEERN=
RIFLAS n(D)EELEST (B 3c). TIfE L3, L5, L6 X0 L4 RAYEBSX1E, LWCking BBE/NF LWCrssp,
Di230.5um IIHKE n(D) ERENTNFAESS . W, DHE 3c FRBRINZSKSEXR FSSP B
FHERIL, LWCkin, £ZHE 3.5um<D,<27.5um X[EAR n(DHENZHTEN, HEIZKERNEKE (ICH
LWCrssp (35-27.5)), SIERKBERXAR LWCkin, EUIR, FFH King IREBEHIRM TR 0.01g/m® (Tessendorf, et

al.,2012) LA E#IEIGIE —FEAIEXM,
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0.31

021

0.11

LWCrgsp(s 5.075) ( &/m?)

0.01

B4 TE As B TFEARESRIKE LWCking 5 LWCrssp (3.5.27.5) ZelEHEXME

Fig.4 The linear correlation between liquid water content LW Ckine and LW Crssp (3.5-27.5) in the middle and lower parts

of lower As.

WNE 4 AR, £ LWCking>0.01g/m® BUIT /S 7KEERX, LWCrssp (3.5-27.5) BUBEARTE LW Cxingt 1 5%HIHEXT IR

R* = 0964

— s
— -LWCking-15%
— -LWCking+15%

0.01

0.11

0.21 0.31

LWCygp, ( g/m?)

EBEA, LWCking S LWCrssp (35-27.5) ZeEFEXAIFITEZREL R> 9 0.965,

KN FEPHEES, W LWCking S LWCrssp (3.5-27.5) IR B & BIXIFRIBX M,
A EDHTRE, A TE As PREMIRSTRFERDHE 3.5um-27.5um BIRISBEA, i 30.5um-

45.50m RYSEERN TR FER EKE.

222 T2 As B EEBRTIER

(1) TF As h ERR NGB MIIEEIKF o 4L

B 5457 11:05:03-11:18:15, 11:20:20-11:34:13 D BIFE T E As o _EEB(5700m, -10.4°C) FOTIER(6000m,

-13.6°C) FGIRMWAT FSSP. 2DC. King IREAMMWAIR FRE. HIZ. BEIHENEKE.

g osnBEMRE, BEMUIE
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13.6°C)
(c) (BAfiI: lg(cm?™.um)),
(e) (BAfi: lg(L3.um)) BERSIBIAYKFEZAL; a2—€2 [F

(6000m,
5 TE As h EEBAIAY N F0 Dt (a). LWCrssp 1 LWCking (b). FSSP A1

Cobmai (5700mE, -10.4°C)

Nosof] Dmasoy  (d). 2DC (D> 50um) BEETIE
al—el, {BEATE As TIEp
Fig. 5 The horizontal distribution of the lower As middle part over time (al: Ny and Dyi. bl: LWCrssp and LW Cking.

cl: FSSP instantaneous spectrum. d1: Naxs0y and Dmasoy. €l: 2DC(D > 50um) instantaneous spectrum. a2-e¢2
are same to al-el, but for the top of the lower As.)

HE sal I, ETE As F LN VM SEXKSREXREHFEZE 2-3 MER, (B D EHTE 15um-20um

SEERN, THEEMN., B VBT 10em? L ERBEES/KESEXEI (L1 # L2), TRKSEXIIMN (D)

£ 3.5um-27.5um RIZEERHERSEX (B 5¢). B5TE As FTEARE, 2DC FRNEIERERERN
d2). B, H2DC mfFEG (B) TR, %BEZEKSRREHF. |

ARE=RFHI (B 5d1, KER
. M IRHABT I .

WAL, RBETE As P EMTKSEXTERKE, RIFSRETKRE
N REX, BImEsiE

XEEZH

FETE As TREEAE Vi, n(D) BERRBSKESEREHI (B 522, b2, c2),

Xi%, n(D)EEHH, BEBEMIEE D=6.5um-9.5um RIFBENHIAETHXIE (B 5c¢2),
ZEIBRIRT RS HRIE KGN,
(2) TE As h ERTRKBERZAFREHFIE

HE sbl. b2 AT, 7E As F EEAOTIRKEEX LWCiing 5 LWCrsse THBRBEAER, BEBERK.

RIBAX 2.2.1 BEAZEHG, SERERBETE As P EEPFRIPRIR AT s0um LA EN=RFHESAKE.,
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LWCrssp (3.527.5) BATE LW Chingt 1 5%SBEIR, LWCiing 5 LWCkssp (3.527.5) DR BERIXIFRBRME (LA
ERHR /90957, 181 95%BEMURIR) , TE As P LB KSEXNRST LK BEEERTE D=3.5um-
27.5um IRTSEE A,
223 BER

Bl 6 tAtH T 1 Cs [REPFOTNEBAY FSSP. 2DC Frll=R FIRE . BRRBIRNEREATEIZILE. 7£ Cs H King
PRI RAIL27K (B 6bl, b2), FSSP BERTIE. 2DC BREIERNFERZENRESNSR (B ocl.
c2. el, e2), HLLHERT Cs k=, HE 6al. bl, cl AW, FSSP £ Cs JRERRMMUEIBEH Vi BEKXK, n(D)
BEAXEAIEHSH, B 2DC MUBERERENARI =R FEE (B 6dl. el), ME Cs TRABHINBEERY
Ni. LWCrssr REXRR n(D) BEK (B 622, b2, c2), mRFEBEFHE D~3.5um-9.5um FIZBEAR, B
2DC RMMWART =HRLF. HENE 7800m EFESTKISHEE, BEFERSRERN/NRTIKE.
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6 CsJEKBPAY Vi F0 Dt (al). LWCrssp #1 LWCking (b1). FSSP BERTIE (c1) (BA{Z: lg(cm™>.umY)), (d1)
Noeso Dmaisoye 2DC (D> 50um) BEATE (el) (EBAfZ: lg(L3.um)) BERTIEIAYKSEZZAL; a2-€2 [ al-

el, B9 Cs TH
Fig. 6 The horizontal distribution of Cs bottom part over time (al: Ny andDpi. bl: LWCgssp and LW Cking. ¢1: FSSP

instantaneous spectrum. d1: Na=s0) and Dima=s0). €1: 2DC(D > 50um) instantaneous spectrum . a2-e2 are same
to al-el, but for the top of the Cs.)
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. ZEZRKREENTSBESEAR. 7800m, 7500m EAKEE, 6000m, 5700m. 5350 B SRED
E. A FSSP, 2DC Fill =i FRENBEINEER—SEEFEARARER, =EBZILREBESSER FSSP F1Y

IEDMERERRNRESEX. TRKSERNTAFIERHE, M 2DC FIEDH ATz E TSR,

10? —+—7800m2 10' 2
a m/z= b —— 7800m/Z

7500m/Z 7500m/Z
10! —a— 6000m/)Z —a— 6000m=
. 5700m/z 5700m/z
E 1o —e— 5350m/z § —e— 5350m/Z
5 2
g 10! o)
= <
2| 2 e
10 ; / .
10—3 L 1 L 1 L 1 L 1 L 1 L 1 L 1 10_ L L L L 1
35 95 155 215 275 335 395 455 50 250 450 650 850 1050 1250
D/um D/um

7 BRRESEEERFHZRFESHE: (a) FSSPYM,; (b) 2DC MM
Fig. 7 The distribution of mean cloud particle spectrum diagram for each height layer of cloud system: (a) FSSP
observation; (b) 2DC observation

HERINKREITSREDE, B CsESP (7500m ) 4b, FSSP FIIESHANLEEIEA Fsaigs
I 5% (B 7a), MPEILGHKESS=FMURNIER GRAES, 2007, 2011; EHES, 2007; &%,
2016) FIEHES T, H FSSP MNFMN R FHESHARS. ETSRATE, NTE As TREREIHTER,
IBIEEROR BT, MIEEHDES 12.50m &b, TE As FTEB (5350m B) AIBLTE 27.5um &5 EEB (5700m
B) BEERX T, RETE As zHTERERHE (D=3.5um-27.5um) RELLH EERE, MRAINRTIK
EBRIF (D~30.5um-45.5um) JRELLF LR, XEZRFERSKEERAXEHUETE As FTFEBHREA.

ZERF 2DC FIHEERIIARIEHE (B 7). BRTE As hTFEE 150um L ERKFBEES S, BXR
HI 800um LA E=AUFH, HERSERNELRAZEL, EEEESEREMEERE, 15 As R EERX
NEE, BEMEREEAERERZIERTES.

RN AT AR EPERERER 1000pm AR FHI, XSEZTREKESERZHWNER (£
RIBZ, 2013a) AAE, FEEKRBERERWN 400um LA ERIF, AEHEN, RizsERENEZSKISHE,
PRKBRUBIRIGIK. REFHERSIN, FTREFAEAR. MMHERK, WMFEARINERRFRERENE. K
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HENRZEERK, TRKSERAFE, BE. RANNMBKEESER, EXFE "BE-dts"
BEKFZRRANLE (BBFERE, 2021), RMNEINTE As BEIX 1000m LA L, BRFERE. BRSTLKEE
B8, AEERHERKEHRTERNEG. BTE As Y FSSP. 2DC gD MEN, —AEEZEEREZ X
X, REEBERERTHRRESE, AT KEESER, BB =R ELRBREIEK,
REFIEK, REFERXRINKEN T, B—HHE, REARRESRNE LEY, BEETE As RTRERH
EESRTAKSESER, BTMMIERKTE 1250um LA EKBRIF R AT BEKIE KB F. BILLERE, /ER
ERFKTERNTE As FRHERKEF ERR T kAR FRIEZEN .

24 ZRBKERTCKESLLEHEE SIS

ANSHREREKREF(2013b) B9 EDERITE IWC: X3F FSSP Frlll 30.5um<D;<45.5um SBEM (i=10,...,15)
KBRIF , BERBRZIKERIFHE,; 33F 2DC Frilll 50um = 125um (B 54.88um<D;<104.38um, j=2,...,4)
R SEEIRRAEERFZ KB 7, RAFEBERZNEREITRE «=0.04. p=3 (FEHE, 1989); XF 2DC
AT D;2129.12um (j25) ROKIERIF , RAEERAETINEKESSNEKETREL a=1.07x10"0g/um'7,
b=1.7 (McFarquhar, et al..2007), R IWC BJFERA:

IWC =2 x 10°p; $12,, DFn(D;)AD; + Xi, 0.04 x 10-°DFn(D))AD; + £7450.107 x 10-°D}"n(D)AD; (1)
Hrh, p AKEKEE (BfI: g/em’),
F King IRLSCMERFR LWC (McFarquhar, et al,2007), NS KEELLER £ o[ FRR:

fi= LWCking
17 LWCking+IWC

(2)

8 [HT CEBNZRIKMBEMSEIE LFHEERNAY FSSP BiitiE, 2DC (D> 50um) BERTiE.
IWC. TWC iIiTRKBEX lERERBENEZENE. HPESFEEERNEE, BT SKSERN
FOEIENE.
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-4 -2 0 -3 -2 -1 0 oo
EET —OOTTaEaSEaEamm 00 .
7800i e T 0 3 1004
2 bp ¢ . [ —TWC
7500 —4F - F —IWC J-232
7000 - 1F 1F 185

=———— Sf=

H/m

6000 ——

24.5 45.5
D, jum

1 1
1000 1300 0.01 0.178 0.35
-3 -3
IWC/gm = TWC/gm

8 “HREFLEMMY FSSP BERNE (a) (BfI: lg(cm™pm)); 2DC (D> 50um) BEEHE (b) (BfL: lg(L
um)); KHEEKE IWC, BR7KE TWC, TRKEEXTEKEELER /i (¢) MEENTLE

Fig.8 The vertical structure diagram of cloud system: (a) FSSP instantaneous spectrum (units: Ig(cm™>.um")); (b)
2DC(D>50um) instantaneous spectrum (units: lg(L=3.um")) ; (c) Variations of ice phase water content IWC,
total water content TWC and supercooled water content ratio f; with height.

HE 8a, b c AW, EENTE AsA, EXLHA (D) BEK, HE35um-2750m R (REDHE
hOMATKRIETERE) (D) BER, BTE As FTRHEPLEES, HMTLKSER. (D) SEXHIE
TE As FEEMFBHSEEER. AL LRESTESR, B D;=30.5um-48.5um pKEHKIFHI (D) 50pum LA
EKERIFRY n(D)EX 2-3 NER, FTLA IWC EEMH 30.5-45.5um RAFSEEIRN R FIRERE. IWC HHE
AETE As FTES. PLEBFARBHASEX. TWC SEXFEHNEZEF TEHEF LI, HEES

RBIRAE 0.34g/em’, 7E Cs 1, ETLRSITISK, IWC 5 TWC KES. 7£ Cs TREBEHI 3.5um-
9.5um, 50um-150pum RIZSBEIRIKERIFHI n(D). n(Dy) BERX, IWCHNHASEK,

HE sc I, ATE As TRKSEEK, EEF THREFHNSECERNFESER, FIERF
HEE (o) 1X95.6+5.6%, BESTHP LSRR (79.8+12.1%). TE As f EREFTESECERD /1 F9E
79 90.8£10.9%,

13



267
268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284
285
286
287
288
289
290
291
292
293
294
295
296
297
298

3 &Hie
RXFA=ITIR CHRNHIRHREHT B BEEERNUAN SNMNER, ETouFRESEEH5E,

FRDT T HEBKERERZRNEESE. KESH. FHESHTISKERTQKAEBILRNEETD
RHE, BEINTEL:

1) SIIREZARBERZREER 3 ExREHN, EPUTESENSES KR, AL TREN
BETATRRESE. LTHANBRNTESEREEX 1000m LIE, SRXKSERFESHEREF L
ZRTEM, EFTFBUSHNFREMTSKEEER, EERASHEXRFE.

2) W TEBESIEAKBSER R FRSHBERINA, KERAT 50um =R FHIKERIF, 30.5um-
45.5um IR FEA LRKGE, RESRFEEZEFEPERR) 3.50m-27.5um FIRHASEER.

3) ZRBBER 50um U ERRFREERARIEHE ST, MIERETESER AT
RFRIEENF, TESERZEER 3.5um £ 48.5um =R FRITISEEAR FARIER T 57, i327KE.
REXH FSSP mRFBEINIED MEEREES. TESERZT THERKSEXRFERIBEA KB,
F_EERE A B AOMAMTIE KIS,

4) ZRAKE (TWC) SEXEEZESHETE As P IHEF LBNSEEER, £ TESE=FTEB
RBRAME 0.34g/em’, ERRTLKBEKX, BRSTRKEEHLERNTIYEX 90.8£10.9%, BETE As
EERTERAL (95.645.6%) BABETH LS (79.8+12.1%), %= RAIDIREME A TR L

BT EREM,
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Exploring on Microphysical Structural Characteristics of Stratiform Clouds
over the Sanjiangyuan National Nature Reserve with Airborne Observation

WANG L J', KANG X Y2, WANG Q H"?, GUO SY?, HAN H B'?

! Weather Modification Office of Qinghai Province, Qinghai 810001, China;
“Meteorological Disaster Prevention Technology Center in Qinghai Province, Qinghai 810001, China

Abstract: In the field of artificial precipitation enhancement, aircraft observation is still the only effective ways to
directly obtain the phase state of cloud particles. Because the liquid supercooled water content in the cloud is an
important parameter to judge the microphysical structure characteristics of the cloud system, based on the layered
vertical detection data of Particle Measurement System (PMS) in the Sanjiangyuan National Nature Reserve, we
analyzed the microphysical characteristics of a typical layered cloud system in this area in spring. The results show
that: (1) the typical stratiform cloud system in spring cloud system is mainly composed of three layers, the uppermost
Cs (cirrostratus) is ice-phase cloud, and the AS (altostratus) in upper layer (high-level cloud) and the lower layer are
mixed clouds. Moreover, the high supercooled water area is mainly distributed in the middle, upper and lower parts
of the low-level As, where the cloud particle concentration and supercooled water content are the highest, with obvi-
ous regional characteristics. (2) The liquid cloud particles in the As layer are concentrated in the median diameter
range of 3.5 ~27.5 um, and the cloud particles larger than 30.5 pm are ice-phase. In the middle and upper part of the
low As layer, there is an obvious growth phenomenon in the high supercooled water area, and there is obvious ice
crystals effect in the middle and lower part. (3) In the low supercooled water area, the average content ratio of super-
cooled water is 90.8+10.9%, and the middle to lower parts (95.6+£5.6%) is significantly higher than the middle and
upper parts (79.8+12.1%). The accurate understanding and judgment of the microphysical structure of the layered
cloud system in Sanjiangyuan will provide a reliable observation basis for the catalysis of artificial precipitation
enhancement in this area.

Key words: the Sanjiangyuan National Nature Reserve; stratiform clouds;airborne observations; tropical; PMS (Particle Meas-
uring System)
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