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A cloud-resolving model is, recently, applied to the prediction of regional climate in East
Asia. Since the cloud-resolving model includes the fine microphysics for precipitation
particles, the prediction results should be verified not only by the available data with
conventional observations, such as hourly rainfall and surface temperature, but also by those
which include the information about the size spectra of precipitation particles. The proba-
bility distributions of integrated parameters which are induced from the observed raindrop
size spectra in Baiu are presented here, for the purpose of verification.

The accuracy of a prediction by cloud-resolving model depends on several factors. The
one of them is the estimation method for the size spectra of precipitation particles. The
two-moment and three-moment methods have been developed in the last decade to estimate
more accurate parameters in approximating functions, such as gamma function, for size
spectra of liquid particles. The accuracy of the size spectra estimated by those methods is
investigated in this study, with the focus on the errors in microphysical variables, such as
bulk evaporation rate and bulk fall velocities of raindrops, which are calculated directly from
the observed and from the estimated size spectra. The optimal value of shape parameter in
gamma function to make the error small in the two-moment method is presented. And, it is
shown that the three-moment method has an excellent performance to reproduce those
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microphysical variables, comparing with the two-moment method.
I. 2 A » &

RIS A I B L Tid, Marshall and Palmer (1948) # i3 #% < OBBH R TH L
C %72, Marshall and Palmer (1948) 13, MENEZREDH» LD+dDIc & 3 BAMKRBEYS ) ©
Wi END)AD & § 5 &, BRESHH» (DR L 5 LIEERE AW T 2 74{bTE 5 2
EERLT.

N(D)=Nexp(—AD) (1

W DAT o 7227 2 F40IE, HBEARNA > F 7T b TAINFBEL A —T2%7 2 F 2%
MoKEEE ORISR E LT\ 5, 6 DHEIZEM OBEENIZIR ) BT WD THh o120, B
HEICELFTHERRL — 2 HWTBRABHECHCYLNTWS, ZO—KT, HbN T 4
ZALHOBAGERIZIREN TH 5 L ) BRER LR EIN T 5, Waldvogel (1974) 13, Nod®
DFLL—EHETR L, BRI AT LADOBEICL->-TRELZEE2 LD & 2R L7z, Tokay
and Short (1996) (%, @QRIRTH > <R E HW72/7 £ Z{LEATV, ZDD7T X 5 (Nog,
Ag, tte) DT TMERET & RN CR L 22 L 22 L 2L 72,

N(D):NOgD”geXp(_/lgD) (2)

Willis and Tattelman (1989) i3MKiEEAVINE RENHIHIC & 2B A 0—7"73F X I il
TR T B, BAGEEIRE LB ERAT—T7737 2 FOBTRIHITE L L VI RERETL
72. Hodson (1986) (ZBEABEE 25 mmh~! Ll Tl Marshall-Palmer BRI 44538 TE ¢,
ZDBKFEEFHEATIIR T — 7737 2 SN T—FEHETH VA > 5727+ 737 2 Z 0 RAKEE &
EDICEWMT B L aRL, 2D, RESM/ T 25 DEIZHEKS 2T L0MEEIC L -
TRLD L, BKBECHT2EFEL TR LW ERBITNETHDE, oz xi3, ) E—
Py iy FRERETNC BT SREGMHEED, BRBAOL LD TS T T LT
ZEEERLTNS,

IR, BEKS 2T 2R BENCERT 2 2O ERBERNETTANE(RYLNE LI
TN, ZZRHMAREN T LIEMPT T X)) £~ 3 Y IRE - KR TORESHFZ LY
FL(EBTED L HDKHEYFERLNTWS, ZHL ) GHBO—E & LT, Meyers et al.
(1997) % Cohard and Pinty (2000 2) i3, Z DD FHLER (Bt & BiBE) % B kEsTm
Hemk (2 E— A2 M) 2REA 7T TV L CGEAL T3, & 512, Khairoutdinov and
Kogan(1999) (3{EA I & BB R IC 2 kiR UKL ENBH) 2 FMEHKE L, 21 bW
THEGHEWET HHBE(3E— A2 PR 2L T35, €T VN TORESHHEHEE
BET 2B MAPITHON TS RIE, ZH6DHE D, BEORKRFORENNE ED
BEHBHTELZ PRI VRIS N T, T, TEOHEREROM LD, BBLE
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NIEWPRE T A7) ¥ 3 Y EHAAALEGNIEERT LV ERCTHERE2 NS L L 28R
S#ESEBR (Hashimoto et al, 2004) #4703 & 5 I2% - 7285, FOFREMRIE (Wakazuki et
al.,, 2004) 1%, BEAKERH ERIBNOBAT—F 2 AW TIThIL T 5 b D0, BKBLFORES G
T2 BRE ACLBERILZTHON T v, 2, RESHOBRAT— 75, HEFER
ORBERIECRATEZ L HJIREHIN TV WieHTH L, ERETTILOBELBAICHA
EEE BT, REFHOBIT—F1y FE2FMcFAAL, BRERPRENREICOWT
LR L ENBRETH B,

ZNE D TEELL, KR, EREBETLEHCEHEZNR & T 5 BEERDEERIT
D=z, MR IUNIT T - ZRERES A O LB T— 7 i ED0n T, BBRESYEY
BIEER L & ORESHFDOTES ST A FOFHERL, 2512, EMPE T2 FT)X— g
BT SRR ESAHEEICE T BERIE 2T LHEREBRXE N TH B,

. 7 - 4

MR 7 — 7 ISR BRI R ATIC & 5 MR ES T (RAL-101) AW TH@RSI N,
ZoREL, EFOR) o b EEAL -FESNES SRS S N5 KR EHE L 0% KAHUE
D —THRML, WRFOER: BARHEL: ) ICRER (2048 mm?) *:E89 5 M (W
W77y 7R) RMETEL0TH 5B, WETREL BR/BARIZESE 0.5 mm, RESHEREZ 0.1
mm, FESREIIR/N 10 ETH S, MlEERT7 7 v 7 2 2 BiBEIc £ HR¥ 5 Bi2id, Gunn and

138°

Fig. 1. Locations of observation sites.
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Kinzer (1949) D% T#EEZ Bz, & 512, K% 0.55 mm 7 5 0.2 mm FRHORERKIC ST,
2 SHEOEIUL AT BN 2. 2 OBRIBORIEREIC SWTiE, #%ET (1972, 1976)Ic#L
CBRENTWSE, 2, T8y FWEE(V ALHE)IC & 2MWRBET— 2 L RECEIGL 72,
Z ORI BREOKEENES T, BMNE% 58 0.12 mm, FFESBERER/S 2 BHCHl
ETED, JEy FEFTTENL 2MKEEE L MENESmerONET -2 o8B L 2B
IKER M & —E L7z,

Fig. 1 i3 TBARESBOBUMSE TH 5, 1996 F FET ), 1998 4F (KE), 1999 4 (HB) i,
FUNHE I 35\ THERE BRI (7 1L £ 1, TREX, X-BAIU-98, X-BAIU-99) »547h 1, Jk[E
BHO—IR L L CTHRENES A OB 21T - 72, 25 DERNIC DV Tid, Hashimoto and Har-
imaya (2003) 2B L (BN SNT W5, '

. ## #r

RIS AE DIES 7 A F TH HHEOEEBEN, (m™?), RAKBELWC(gm™), BKEER
(mm h™Y), RHEBERTZ (m*mm®), FEHERERD, (mm) #Q@)—"RTEhFRRDL.

erzNiADi (3)
-3
LWC=%ZD?MAD£ )
R=61x10~SD? ViN:AD; (5)
Z=S\DN.AD; (6)
1/3
_J 2ZDIN.AD;
D””{ SINAD } g

TZT, KOEEIR10°kg mPE Lz, VIZAKENOETEE(m s7!), NFEED» LD+ADD
P OTHEIBE (m™ mm™), ADBKRZEEH (mm), FSERDBRIF  IREORREERT.
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Hashimoto et al. (2004) i3, KBULI NAEWWE T 2 5)) 2 — 3 v R MARA TR
TNFEETNVERCTHERENR E L EBEBEER LT L - 245, ZOMERIE (Wakazuki et
al., 2004) i3, BKESH ESROBNT— 2 2HWTUTHONTW 5 b DD, BAKTORBER
RERIRIC DOV TORERIEIfTbIL T\, F72, FHBABRERIRIAB@G2 » A)icb 7z
S TFRIERTH 2726, TORICIIRPBMOBH» 5BL 02T —2 1y McE D%
BHRGBETH S, 22T, 3HFICbl-> (RS NLRESHOBRT—F £y PZHEDE,
BRESFSBBERZII LD LT 5, RERSAAHT/ T 4 5 OWMBHERS A FER L 72,

Fig. 2 3B A T — 2 0 b EHI N FES /35 2 & OWBIEERS A Th 5. WiEEBE (Fig.
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Fig. 2. Frequency of integrated parameters of

raindrop size spectra. (a) Number concen-
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volume diameter.
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2a)i3 E 122 10 M~ 5% 1000 mc b7z - THA L TH Y, HEMEIZB 100 m=Th 5. Mk
F(Fig. 2b) CREM L oD E— FH R LN, FAEF0.01-0.03 gm=% 0.1—0.2 gm=*¢
WIZALE L TV 5, 205 DEDFEICHET 2 KRN HBESRIL 6 BRI TH 5. BokiEE
(Fig. 2¢) Ti3, 4 mmh™HEIcE—7% bDE— F & | mmh 3Riiic bE0r % £ — KR
Lind, REEERT (Fig. 2d) 13 10—40 dBZ DT 6 %RRE D HBIHER THH L T %, Fig. 2e
ISR EEO MBHRSA TH LD5 700 umfHEE 1 mmfHEice—7%23 2" F—
kAR L NB,

2. BANTFAIOHBRESHICHEAZZ20E— FOERIZOWT

AR & FHERER KBRS 76 (Fig. 2b, 2¢) RBW T ZONDE—FAREHLNDL I L %
LT L2, bz, BAGREE & SRR (Fig. 2¢, 2d) AL T, BHETEZ WL DDZoD
T— FHE8 5115, Tokay and Short (1996) O EVENIC 11T 2 RIBRIRS AN T — & DFENTTIZ,
Zon®—FREDHLNATELY, BREW, —ic, BKS 2T AMNRE & BRECKRT
&, MRELBRECEBARENRES RL 22 EPHMONATNE, 22T, TNLEZD20DE—
kAR GRAEACIR & BAREREIC T B2 &N TEL R E )RR,

Fig. 3 |3, Hashimoto and Harimaya (2003) O3tiMERER & kMR 05 H Iz 20nW T,
1996 E DM BRI DKAES AT — 5 #3WEL 7 ) RS T TV S, Th ok
5385 2 ZOWMBHERS AT R 7oy P L2V OTH S, BIBE, WkE, MKERE, HHmER
FlzonwT, Wwihy, TNFNDEHIRE T ENTESL T T, EIVNEWIZEERES T
T OHBIERI BB Tna, /2, W73 OMBHED K T 2EERER, Zh
Fi, #300m=3, #%0.3gm™3, #5 mmh, # 40dBZ TH» 5. Tokay and Short (1996) &
FETIC & ANTREES T Y L RS T ) HBEFE L IZITFEN L TH 5. Fig. 2b OFUKEH
BEESMICBN Z o0 E—Fizwind, My 7T 3 BoBEREH 0.3gm=2 L ) /3w
fEICALEL TH ), BRUERROEOHEICZE N T2, BoKiE, FHHEENSHE DRI,
Zon®— FiZGREBRROEDOHBEICE TN T\ 5, FEEREER (Fig. 3e)ic oW iy, ik
P& BREDBERMEL P> 5 Z LIZTE WD, BRI S N2 T — 5 $0(292) 25 itk
WWAEINZL DO I TERIZ S W &2 5, Fig. 2e icB{niz"o0®— Fix, Bk
BRI RET 5 L HITE 5,

LotEr L Fig 2 "o —Fi3&sH 5 b BRERTICER T 2 Z &Rk aEns, 2%
D, RBWREERGI, ZOoNnEL3BKA S =X LW EBL TWE I E2RBLTW5, Yuter
and Houze (1997) %, BWMEMEHOB T, KFEALEE LRI L NTE B LB FAE
THZ &%, MIBERBRT —ZICEDWTHERL TWw5, Hbid, BERE LR CERTFOREDN
BAICEE TV AHEBOT TR AREVER L LY, 29 ThWilEOT T/ ES L &
155 LIBT3, o N e EOBNTRHBREEZERT 2 &, BRERROERBRIT—KT
% SR HELAR 2@ L TR ENTEY, Fig2nk ) Z20F—FRZ0LH %
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BREC B 2MEMRBEOERELRL T b aLEs, ZOMCEL T, WEMMOMK
5037 A F O E LROMEHBGARORRBR LA T 5121, BRENL L UCEETToOR
KR FOBEFEBA L FRA, 2502, ETNERACTEMLTBEER» BLETH), §BOR
BThH5,

V. & =

1. 2F— A2 MRIZEDHEDHRTE
EBETIMICBNTHWL NI ERWE NS I 37 4 7 ) B— a i, FE - BARTOR
AR EBRELTERL, TN ZONDTFRER F W T2 A2 ORESH B L 2 LT,
ARECET L EICL2RAL - BRENTAELHET S, E - KR TORES % 7 <8
BTT7 2 246T 254, @E, TFvBBQRDL A TNT A T us kR EL, AN ZDD
INT A I Nog, Aek ZODTFHREF(BAELEBBE) CEDWTHEL TS (28— 2> M),
IDEI L THEINI ST X TRENDUEDHD LE - AR TOHR - HET L LB
bLEWBENRE D, DR, EMBROBIERRENM /T £ I DHEFBEIKET 5.
EYFEBRRIETNVNTHERINGE - B AT L0BBICHEL 52 bEELERTH 575,
FOREE % AT DRBESAOHEF EIC DV TIE D T VRIEIITbN TV, 22T, Ml
B ARESMAT— 72T, ETNVNTORRGA ST 4 F OHET F 3 L EYHEBOEE
& DBIR % AN,
EMHEBOREELFANDLBEOEME LT, KBS OB T — 5 5 5 BRI Qevp, BUBEFE R
THE Vin, HEMEBZTHEE Va® 8) — 10 RZHTERFNGHEL .

Qeun =M};—Sl G(T, P)SD:F(D)AD: (®)

L} 1 -1
/CaRv T2 + quvasw >

: : ’C‘, S, T, P, /fa, /fv, Lv, Ru, pa, stw ‘i%ﬂ%“ﬂ, *Eﬁi}lakﬁ’ iﬂEng, ﬁ’:‘t‘v ﬁ{‘}ﬁ:ﬁ1%ﬁ» *i’[‘g
SULEERE, BB, KEBEROSHER, EAREE, WNAKRJRSHTSH S, HHEE, RE,
S, £n€h, 0.8, 298 K, 950 hPa & L 7z,

aTyﬁ{

Vm=2 V(Di)NiADi (9)
Vin =£6‘15‘_.D? V(D;)N;AD:; (10)

ZZT, V(D), FID)ixZhZh, HEED OMEOHET#HE L BELE T, (), XTE2Z50
5.

V(D)=aD, 1
F(D)=0.78+0.81Sc"*Re'"* (12

Efalk bicld, FNEN, 842.0 £ 0.8 #5272, SckReld, TNZN, P2 iy ML A
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INZETH 5.

y
Se=-—
Ky

Ro—DV(D)
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vIZEEIERETH 5.
—%, RIS DBE T — 520 53), (R E W TEIBEN, E BAKQ, (=LWC/p.) #5H& L,
L DEITE DT, WRE B TREDI 3T £ 7 Nog, Ae (3R BHEEL 12, 2T,
EMPE ST AF )= 3 VICBT 52— A MRICHST .

N/l#gﬂ
Nog = Tz +1) 13
_[ (s +4) m00Qr 11
As [F(ug+1)6paNr] (14)

Ebiz, ERTHESNLRESM T A F 5 50019 % AV TEREQer, BIBEMEET
HE Ve, HEMEE THEE Ve  ZNENEKRD,

Qus=21=5) (1, P) ["DF(D)aD @

b +3
I'(ps+2) 1/3(_0_) z 1 Ipst+ )

Vo= f "V(D)N(D)ap =i Lget b)) !

/ DF(D)dD—

,—Ow 3 pw aN'r F([lg+b+4)

INHEDERET NN TORNBETHAHEEICKTET IHEELFTATYE, 2512, (Qp, Vi,
Ve) iI234F 2 (Qeop’, Vi, Vo) DEBZEFMXEREL AV CFHET 5.

R Eevp —_ Qevlb ;ervp (1 9)
REvtn — .[/m,‘/_m I/m (20)
RE =25 Vim o

Fig. 413, pelc5 2 2% 056 8 DHTER ZBEOMMNBENEILEZ R L T 5. HElh I AHITER
EDOMIMEDTFEELFRL T 5, KRB, BTHEEE LIC e DEH 655 8MATHEERY% %

RLBNE 5T D, —F, e/ PR R EREIKRE L, pe= 0 GEEBEEDICHEY) T
13 308% % 5 50 B%NiREERL Twwb, Cohard and Pinty (2000b) i, M4 7 32>
Wle=1ICHET B3 25y %52 TWBH, ZOMEICKL T 20%6BiNBREEZTL
Tw b, Fig.ba, 5bit, FNEFN, ue=1 ¢ pe= 7T DB EDERROMNBEDERIHTH 5.
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te=1DHA(Fig. 5a) IZ AN N4 TRAEZRLTBY, BBEREZENHMEL T 5. 1, =17
DA (Fig. S IZ R 234 T A3 % v, BOREMREEZE TEEICDOWTY, =1, =77
BACEBELER R L T 5 (74 Fig 6a,6b). EEHEE THEE (Fig. 7)ic2wTii,
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8a, 8b IFRIEN M NBANE (EMR) &, 2 T— 2> FETHESINEBER) %, Z2Dr— iz
WT7ay FLRLDTH B, ue= 7 D4 (Fig. 8b) 12, HAME & #HEEA L < —BL T 555,
ue= 1 0%4 (Fig. 8a), /IRIAEETIIEIBE % B/, KRLE CIIBIRE 2 BXFHE T 2 Hm A5
Roonbd, RREE BBEMEERTRE, HEMEETEED Fhth, MEEEN1.9K
=22 }F, 0.8KRE-AT}, 3.8KRE—AVIRMBILCwE, ZnEE Fig 8a 2%
Bi2s, REERLEBEMERTEEIL VNS LRNBECEL 2T BESETH 5720,
pe= 1 DEFAIT, N6 DEHIRFERICE/NFEE S hL7z (Fig. ba, Fig. 6a) &2 5, #ic, H&
WMEFETEEZL ) RELRBICELELITLEHMETH D720, ue= 1D%AI, ZOEHIR
B BRI X 117z (Fig. 7a) v 2 5,

Ot R D S S 10
(@ (b) ©

0.8 - 0.8 - 0.8

> > >

Qos Q06 Q06

w w w

po3 =2 2

& g <]

Hoa & 04 04

[y w w
02 02 02
0.0 0.0 0.0

0.5-0.4-0.3-02-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.5-04-03-02-01 0.0 0.1 0.2 0.3 0.4 05 05-0.4-03-02-0.1 0.0 0.1 02 0.3 0.4 05
RE RE g REym

Fig.7. Same as Fig.5, but for mass-weighted fall velocity.

2. 3E—AVIMEICSBDHBEDTHRE

2E— AV MER L DHESHHEZ VD &, WEOERRSLEFTEEDOHENBRED, EB
R L CEILT 52 & 2 Licd~<7%2 (Fig. 4). 22T, 28— X FETORESAHEECH
W BA QL BIBENAC, & LICHRRIER, Z M2 TRESHHE (3 E— 2> M E) 2T, &
YWHEBOEEZHANL., ZE, ETMIBWT, BAN, BBE, BERN=2%FHELL
T52 LiHST 5, BEER RORTRH LN,

R,=3S\DN:AD 2

3“1-:'—7(‘/ }‘i}\:f‘aiQn NT, Rr@B’Eﬁﬁ’B, (1)1 (]4)1 (23)5"%%)%\/]‘(3)\53}571\7087 /13, /Jg%
HEY 5.
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Fig. 8. Raindrop size spectra which are observed (solid) and estimated (broken) by the two-
moment method with (a) =1 and (b) xz=7, and (c) by the three-moment method. Two
pairs of solid and broken lines indicate the particular cases with (N,, R,,&-)=(4.89X102
m~3, 2.80X10"' m, 4.80X10* kg kg~') and (5.75X102 m~3, 1.99X 10~ m, 1.02X10~* kg kg™!
), respectively.
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