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Improvement of snow size parameters on vertical properties of cloud clusters in

a cloud resolving simulation using satellite simulators and a snow growth model
Woosub Roh™* and Masaki Satoh*?
(*Center for Climate System Research, the University of Tokyo, 2JAMSTEC)

1. Introduction

Mesoscale convective systems in a tropical open
ocean region play important roles for energy balance and
precipitation. Cloud resolving models (CRMs) with a
horizontal grid spacing of a few kilometers is one of
useful tools to study mesoscale convective systems.
CRMs has many uncertainties in physical schemes like
microphysics. Satellite observations have been used to
evaluate tropical cloud properties of CRMs. It is useful
to compare simulated radiance with observed radiance,
because it is possible to use same size distribution
assumption for both of a numerical model and satellite
simulator. One moment bulk microphysics schemes have
used in high resolution experiments for efficiency of
computation. One of well-known bias of 1 moment bulk
is strong reflectivities in high altitude. We thought it was
originated from setting of No. There are many
observations of Ny about dependency of temperature and
inverse of a mean diameter (lambda, A), however our
scheme’s Ny is constant. It is difficult to apply for only
observation results to make a parameterization, because
lambda and temperature has also relationship. So we use
simple physical model of snow in order to make a
parameterization. A snow growth model could reproduce
relationships with lambda, temperature, and No. It is
based on combined moment conservation equations and
a steady state height dependent model, which considered
with advection, diffusion and aggregation term. In this
study, we introduce the short evaluation results of
NICAM using satellite simulator and investigate
parameterizations of snow size distribution on vertical
distribution of radar reflectivity in TRMM signals.

2. Experimental design

2.1 NICAM

NICAM simulations are performed from 00 UTC 1
January to 00 UTC 6 January 2007. The actual analysis
was made for the period of from 00 UTC 2 to 00 UTC 6
January. The central point of the simulation is 180E on
the equator and analysis domain is 10S-10N and
170E-170S. We used the stretched grid system, and the
minimum horizontal grid is set to 3.5. Most of the
horizontal grid spacing is under 5 km. vertical levels is
40. The one moment bulk microphysics scheme (NSW6)
is used in this study.

2.2 Satellite data and satellite simulator

11 um infrared channel data of MTSAT geostationary
satellite and TRMM PR 13.8 Ghz attenuation corrected
reflectivity were used. We simulated corresponding
infrared brightness temperature, radar reflectivity of
NICAM using the Satellite Data Simulation Unit (SDSU,
Masunaga et al. 2010).

2.3 Asnow growth model

A snow growth model (SGM) developed by Mitchell et
al., 2006 was wused for evaluation of snow

parameterization. It is based on the conservation
equation of number concentration and radar reflectivity.
We did not consider the nucleation process in this study.

3. Results

NICAM has good agreement of cloud size distributions
and propagation of cloud systems. However, there are
schematic bias related joint diagram such as higher echo
top height and lower cloud top temperature. We focus on
improvement of the biases about higher echo top height
in the joint diagram. We found the size distribution
parameter for snow had some impact on the location of
high frequency of echo top height. We developed the size
snow distribution parameterization with Ny based on the
SGM (Figure). This parameterization could explain the
aggregation term in same category. We could reduce
frequency of higher echo top height. We also would
investigate the impact of parameterization of Ny in rain
category on the distribution of reflectivity of warm cloud
in CFADs.

N(D)=Noexp(-AD) )

Cantral
Fixed NQ
WSMB
MY_PARA1
MY_PARAZ

-~

Height{km)

S|

ol v v
0 200 400 &00 300 1000
Mean diameter(um)

1200

Figure. Comparizion of mean diameter for results by the SGM
(Control). The blue dotted line is NSW6’ mean diameter retrieved
from SGM’s IWC. (WSM6: NO=2.E5*exp(-0.12*temc),
MY_PARA1: NO=2*exp(-0.12*temc)* %, MY_PARA2: N0=400*
exp(-0.12*temc)* 1)
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WHIRI N 2 < . AE N BEBEIC A L IVTZN,
A, FTRICITSIEDY O°CLATF & 72 p 2 %
<, BEWIIREEO T H F 1T X 5 KD 3 BHY
Thole, ZOMENTHIM D 5 434 DR KR E
& MRR @ FZ2 100m TO L —& — R % Lhilg
L7 ONRK 3 TH D, K 3(a) TR
BT LTt DTH D, 0.5mm/h LU DOIER
%%b\&¢zkﬁﬁfh'f X E AR KRR e — &
LR DEFBOMRRICE R O BN K X
wt@ﬁ%@%@iﬁbwoamWhuLT&
Bl [A URRAKRREE R LT, BEREEACKI 7-12
LD2EBEVWREHETHLZ ERDND, . AF
., Hoiv, HHIVIRE, SRAOIETL—4—
ﬁ%é@ﬁ@?é@ﬁ#ﬁ%ﬂé FrRIZEOIRS
EEROSHITIETIC cfwé &Ny
ﬂotol3®jﬁMMWL Ze kL 145
a&%éf%bfwé#\ﬂbhmﬁgzﬂb

T, L= = RO OMRLAHAZ NI RT,

U — =K ROENE FRHIRE Tl
FERREZV, ZAUTERIRY 72 B—HGELIEr i fE 23
WRAHAZNDHTNRKRENWZ LA L TN
X 3(c) & 3(MITT7 T v 7 AHLORIEE L %
THEZOTELELONTH D, FAKFEDH
BNE T 7w 7 AL EICICIT-> TR Y | Bk
BNZIXI 3 (a) Dtas3 T & RIER 72 M 3 7 5 4
H—77, R UKD RNTT T v 7 ZAHLO
EWIZ X DBEE BT b e o7,

5. FLHESHDEE

LR TUZ MRR OBLHI D 77> & [T JH DO 77 /L =
U R0 E R GIET, EIREK ORI 516 %
HWETHIOIXRETHIN, Ky T T—RAXY
Mot M B REKBIH & [RAR 72 B KA D
HBIZAT D FIEERETH LT, L—F—K
RN OEKREL HHREHEET D 2 L1
AETHD EEZLND,

Sk

1) AYCHERIZA (2004) :
7= BB X B EFR T DORIEICONT-ZD 2
EM Tl SN ZBEh+ & BBERIIC X 2T
FHEORGE-, TK, 66, p.647-659.

2)  AIRHENIE (2011) : WEERE 7T v I A
AW BEERL T O R EE IO W T, 5
IKAFFER 222011 + Rl ZE 5 4£, p.105.
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ERDOEKEHREETIVE

TR AL 2 - (LTS 2 - R A 2 - SRR 2 - R 8

1 IR - KA

1. [FL®IC

BET 2 FR OEKEOHTEIL, L—F & AWK
BHEER, HEEKICEDHETN e EICBWTEETH
5o ARG D 7 L—7" (Sasyo et al. 1991) IXETEH
G EZBAT L7228, 2 OBERITHAIC 1 & Lok,
BREFARE L TWD, A TIEE R GKEH
BIREMTICERE L TBIIZITV., BT 2Zh 0EK
FIZH LT O ORI ZEL & & hic, fiERY
Ral—varOfEREDOHEEITH,

2. &

TR & KRGO EFEIT AT (1960) 1I2HES< DT,

DoTClzme LIzl (Yekt) THERE=, vID
kg (A) ZRET D, QUEKEZIED TEH A/ L,
HOV IO 4,) #HETH. @A /A, TEKREEZGH
HT s, LnHb0Thd, ATRBHEOSE & KEH
o omEEEraEMk L, 10 2R CRAMET 5, HE
BN, BRI 2HAK, k. MiEOHFS 2L
LEREARETH D, TR EKRHETKEEMIEE
— (RMMHEEHIT) MNICERE L, & 17T 320K
KB OB ETT > 1=, HNOBE TR, EE 10 5
MR CERT 5 & &b, BRI FOBEMSBITEbIRE
L., RirDXA T Hieek LT,

£1. BR=EG
Bt Bl &K ST
2011.3.26 MESE MoEA 21
2011.12.9 BRE FoER 29
2011.12.22-23 BESE -8 23

RHTICH T2 > T, LT O 3 >OEHETEE LT,
Ok DAL (Liquid-water fraction)

LWF = RL/R (1)
Ok DORAZR (Rain—water fraction)
Rywr = Rg/R 2)
OFERF D&KL (Liquid-water ratio)
W =M, /M (3)

T ZCRIIBEAKTREE . RITIIRKDBEAKIREE . Ry (XA
DOREIKIRE M IXERICE ENDRAEKOE E, MITSERH
DEETH D,

ZOFHIFIETIR, ERICEENHAREKITLT LS
TRTIERICRPAE T, —HBRBRIEL D, TH
GARENEVFEMIND EZZOND, £TZTHRI UL
X UTHEBERZERL, KIZEDL L%, BR2ET
KFFCHIE L CIEREICEKREZ RO, JEKIC L 2 HEE
CHEL TRy U T L —a v E ToTn, FORER. U
To X5 RBEiR S bz,

W — W00.41 (4)
T ZTW I TEHRIZ L A B R EREOWEEERT,
3. BAIKER

3.1 ESUR - JRE &RKEDE R

2 BSERHE - Tk 3 : JERARIRAT

BUERES (38) OWKERIL, BFR T OKRKEOKIRS
BE, BIOWHERAEICL--TikERLEZ LN, W
T L LM EORIERCIBEIIIRFE LW E B, L
NLH EOKSRT — % LK ROBBRREZERT D 2 L
1. BEKDOTKRRO RMEHE 2 AR IERTH 5 & Bb
N5, FZTHRAE Ly &, KR (T C). 0°Clzxd
DFARHREE (RH, %), BE/KBREE (R mm/h) ZRiHAE %k L
T, LFoOXTERT 5 Z & 2k Aiz,

Lyr = aTPRH,/RY (4)
ZORIFRIEREWNT E . F 72 0°CITHR D FERHEE 2K
TV E, FBAKRBENNEIWIEE (ThRbLE NE
FEDN/NEZWEE) KRN RKEL LD ERHEL TN D,
HEEN SR ERDIZEZ A, a=8.0X107, B=0. 18,
y=T.2X 102 D L FREREP R D RE o2 (E 1),

1 3
x X
T xg:lx‘ ’5"
c - xx: Ve x
-g x = 1/ *
5} 1 e
£ | R2=0.60 x’/ x
5 0.5 4 A.E.=0.12 i *
F; ' ,I’ x
: o
o R4
g- i ”, ‘x x
4 1 /'
4 ”, x
0 4+
0 0.5 1
(aTPRH,)/RY

1. BIESNBKE Ly EEUR @) OBk,

3.2 kE ETAEDERZR

WRKH & KRR ORERIL, RIERDOKN EDRRES I
Y oTH FIGEEN DD, HDHWIEMHE LTHELD
MEID F TR, =2 TR — 2 2 TR
Tl L=,

Ry = 8Lyp® + (1= 8)Liyr (5)
EERICOWTHIEEEZ 7 4 v FEETZEZA, 6
=0.69, =41, 0=3.4 D& ZIPREBRBD K EL-72 (B
2), ZoRBRICL D&, Bl ZIEXFEKD 80%DNHEIE DK
ThoTH, AR 14%TH Y | KEORIEAKIZE R IC
RAPAATEEFEM LICETDHZLEEZR LTV,
JIMERDERDEKE

BV T TBNT, SHOEKEW XA AR KE
WIEENE L BRBEAB R BTz, & 2T W ZEfRER
(0, DR L LT TOXRTIERI LT,



W = uDg

(6)

4. FEH

Pz HOWEEREKEORENS, WL OO
KEPESLLHID, vIal—Ta iR,
FEHS R B2 I 2 A S 2 2 L—3 3 R & B
NELEY T LT, BIRR S ABREO—EMEEZ L
ZEEEMITS L L BIC, FARRRREOET VL
BIEHIITZA D Z L 2RET 5, I LEARDEZL D
EMBET X, BN SE T IIRBGATS &V D FEARR)
PREARIL TR LT, RARKENLEEND,

BESNEZVICKN@) 2T 4y FEETEZ A u. ol
R Ly ® 1R CEE S v (REW),
u = 0.58Lyr + 0.41 (7)
0= Lyr—1.0 (8)
1
O 26-Mar
0.8 O 9-Dec
S A 22-Dec ?
b5 e 22 Dec (Graupels) C’
0.6 A
% —=—=—-Best fit o ¥
3 d
(1]
£ 04 1 ]
: . OO
e L
02 ] . &g%
] e ® 0‘_;;
0 oo dlometoo=r®” 0§ @
0 0.2 0.4 0.6 0.8 1

Liquid-water fraction

2. FIKE Ry) &iRKE L) DER.

4. BEIalL—ay
RO X O RBRIGERS, EO LS iR T uIC &

STHPATEEINEELET A0, LTFTOREEZENT

BEYI2Lb—ra v w2fTo7,

o EFDOIREEREL L. KOES DSV BEEITAK
(1995) @ A-type TR ORBRKUHE S,

o EFNOBMEITIERmAOEZY ., BE L7 KIZNEIC
BHIATe, TRDOOREARIZ L > TEROBEREINVNE
{7po T &1 5,

o FMEER OFREIEEILFIZ0CLET D,

o FEMRHIAMOZERNSDOBMRE T DL L, §E
i - AIEEONRITE 220,

o  E ORISR Gunn-Marshall 234 IZHE D,

o Y5 THEIX Bohm(1989) XA ET D

Lﬁ@ﬁﬁ@%k FARIE A 0. 12mm~4. 8mm DE F %
MEDOE ANZKS L, KRB S Ckn' O KRKHEHET
éﬂié?r%%ﬁoto ETIVIIZERK T TH DB, —
EDOKRE AT » 7 AN 0 | ﬁWXT/7%Tf
E LT EDOHE FIEEE (0. 1m) Z &L IEHEZITV. SEE
Tk E I L,

B 3 i3k (L) EMAE Ry OBRERT, 5tE
STz LRy BISRIZER 58 7o R R A L TR
—HLTEY, ko k) 2 E s indime s
BT HZEERBLTND,

TR 4 XE R EKREORBEERIKTIEE, Bl >
Ral—varTHIEBELTWS, Y al—a U R
TR OR Z R T CTEKRFEEZWMDFHI L TV A28, 8l
HNZBNT HEMREL 2 mm LLEOTER 1T 7 i<
R, EENEGENR WD EEZBND,

1
0.8 4 — Simulation !
c
o
i3] — = = QObservation
E 0.6 -
a
o
204 -
c
‘m
o
0.2 A
0 T T T 1
0 0.2 0.4 0.6 0.8 1

3. FKE Ry

Liquid-water fraction

EBKE L) DER, ERMNVIaL—T 3

V. BERAEBBRICED CBRA,

1
0.8 —Simulation
L
©
= 06 = = Observation
T
z
T 0.4 A
=3
=
|
02 - LWF=0'519
0 T T T T
0 1 2 3 4 5

Melted diameter (mm)

B4. Le=0.519DE =0, MEERLESAKEOBER, £H
ML Tal—y a3, BRESERISEDS CBRR,

HittE
TR EAREFHL (BR)
EIEH N LET,
SEXR
Bohm, H. P., 1989: A General Equation for the Terminal Fall
Speed of Solid Hydrometeors. J. Atmos. Sci., 46, 2419-
24217,
FUOHERE, 1995 @ BRI EH O FHEICSOWT. FoK, 57,
229-238.
R (1960)
22, 145-146.

Sasyo, Y., T. Mori and 0. Onozaki, 1991: Observation of liquid
water content of melting snowflakes with a new instrument.
J. Meteor. Soc. Japan, 69, 83-90.

AW RPN DBHEY LE LT, JJF

CEROGEKREOREEIZO N T, FK
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ZFIUEHEDOL—F—BKEZYAM IV DRBERDKEFHTHET SFEICETHHR

BOF BT, REARER, PFE A2
*1 REBANFERT:, *2 BiRBEBANIIERT SOKB S set v 2 —

1. [XIC®HIZ

FHRIRZIT U &3 AN B AU T, LAZRORKE
NEL BEEDOEIGHRE N, TKKEELEZ D TR
KEOIRITEETHS. L LILASQ010)TREND
91, IERTO L —F — 7 A 2 At &l -8
IR & LT RMEII A S 5. KREUT O L— & — 81
T, K1, 201918, MBI Y L—2—FRk
BNFE L NSOV B 5. L— & —FBokEORD 0%
KELT, b—F—HA "D LERIMEIET DEORKIC
o a— byl L= — = AEEDORE, L
—Z—E— ADORFIEENRT ONDS. &612, kL
— =T DER TR E DAL B2 DD AHFIET
I, R OBLRS CORSE BEED SR S Rk
e L — & — KR & O AT, b— & — BRIk &
MHEMREATRER~ A 7 v B DK THIIET 5 F
FEZOW TR L.

=
= £
> =
£ )
= ©
c =
£ o
c <
e c
= o
= 2
o =
u <
= c
o I

=

113 114 s ine

Time
X1 2010/1/13 0:00UTC = 1/16 0:00UTC HLRFILILIZEIT D~ A
7 ai OFEER (W2 36 L O HEIROKE, — 2 —BK
BORRIZLGR : BiRg, £ EERKE, %@ L—7—#

Bk )

140

120
100
80
60

40 -

Total Precipitation[mm]

20

0 / H H
113 1/14 115 1116

Time
X2 2010/1/13 0:00UTC - 1/16 0:00UTC B FLILINCISIT S
BLARE KRR &, L — & —BHIRAFER EORERSIZ L (B« H REl
BKERE, & L— 7 — Bk KRR R

2. ERT—4

SGHRIE 20104 1 H & Lz, L—&—BHINEITIA
LIFICL D 1km A v 2 DEEGKL—F—T, FIEF
2510 SRR ERE OT —2 e 5. H EBLAIN
BT, B SR AHAIFZEIT K S e o & — 28 Lk
IR L COSHEFEREHOT —2 1D 1 Rk
7= F7z, W EBR SN ZKIEN OCCLLTOT —% O %
A L7z, & 2 CHl BN E ORI & B 5729,
L—F—@T — 2 13K B & 2 OO 5 o, AEt6 o
DL DT — X % FH) L TRV,

3. REEFE

L— 2 =R MEE OBEE rkm] 502 > T2
LEDOENE P@), CuL—F—ER, L—F =T
Z[mmbm3l &35 &, IFOXNTREND.

P(r)=C- % (1
r

T —F—NHKNF Z [mmém3iL, FEAKFRE R
[mm/hourl 5, Z=BRP CHESNS. B, BIEEKT
BV, KETICI L, BUERS T CER SN TS L—
A —0 Z DI B=200, f=1.6 NHNSN TN 5.

L—Z— AR Z-R BMROAXUITITHE LB EIC AN
TR, FEBRITIEREAKIZ L DR RE P DT AT &
DI E 2T TG, IR K 120, AR OHEE 7,
TOEH P, KLTREND.

P(”z):_

10log
P(r)

[ Kdr=K, @
722Uy, PN TNENEES O LOE I TH Y,
Ks[dBliZ L —4"—H A L BB E TOREKIZ X DI
FBRETHD. Ks 1T GLX TR I,
HEO 7= OFEEIIIEAKTRE R [mm/hour] 8 L OWEE 4
[em]Z WU FORIC L W RS D.

2
Ks=35x102 8 1 20x103 R 3
a4 A

B DR TV — S — KT Zp & V= —
BN DROTZV—F =T Ziw PBERIT, F 21
— & — BN RN 3 2 RAZE IR OB AL BRI R IR 4 2 3R
AERETHE, WADLIIckREND.

Zyradar =Zobs  F @

SOOI ELED &,
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Z 44

| radar log F (5)
Og[ Zobs J o8

LB EHEIN TS L—X—THRBEAKIC L DRIEIAT

DITWAER, ZZTIEEOZEMERT L=, &

WS E TEFETABROMKIC L EES LT, L—

B = A "M SBAE T 1km FICXEIY, 2o

WSO Ks Rz, ZNEEE LI-EZERE 95
L, @KLy
1010 [HP( “)] —fKS,- ®)
i-1 P(r;) -1
THIHIMG, ZNEERLT
1 n
P _10( lolles,-j o
P(ry)

LEIND. IBIT, AAE OB IR D5y
s EBL L, F ORBKICK DEESFEE L, uF
OATEIND.

F=r-t, - F' ®

ZITCF BRI K DWERLISNORRETERTH D, *HK
bl

log[zmﬂ) =logr —logz, +logF' (9
Zobs
LRIND. ZZTF ™ #RAKICE DWEZFRO - ORR
EHERETD. LoC, Z & Zudar P Zops / Zogar VL T D
B LTEx LS.

T B —T =% & AWIZIEE, BKIZ L DR ORIEN
1TRbNTHWRWED, =1 &720, logt-log(Z, /
Zyiwd DV T TVHMEE N1 2705, F, L—F B
KREIFA R DOBEOMIENZ LY THIUL, t=1s &7
D, M BRI SRD T L — R T Z, & L—H—
BN S KD T2 L— 2 — IR T Ztr O Zops / Zratr 2~
A7 aEOFRE L ST —EL 2D HENZY TR
WIS, bbb o # tORA, HEDBREKICE D

IOg (Zmdar/zobs )

EEE -
"--- g5 logF”
FOMDREER

r@IE*ﬁIE{&( Ts _1:) B

GEFR
I’*ﬁIE_ﬁ‘lT—(VZS:T)—E— .

logz

K3 ~A 7 aEOFERRE & Zup/ Zynaw PEROBEER

WIEDOREL R L TERY, I LIZFOMOMEENTH D
FlZoWT L VELMHEOHEZEDD I LNTED, 2
DOFEOWER ZX] 3 1TRT.

4. $#R

4T~ A 7 aEOBRFE ¢ & Zg/ Zoar & DEWRE 7R
T BERIIHE DA TH D Z L BRBKIC L BEEICS
WTIHHBRICHIE SN TN D Z Edbhd. 2EAK L —
H—LCRY RL——F = NHIER STV 5. [E/R
Dty Bl ITEE M-P /\%ﬁ@i}%/a\Ks =0.0031R THKE
NLHM, BABBEZOEEITIE, 2L B/ IIND
EDBZUN.

Fio, BAKEERNICE D &M BB AKEDS 1
mm/hour P 2 mm/hour A DREAKTRERTHOEGA & 5
mm/hour LA EDOREKTREE DS IR E & CIIB R B3 R85
DD, BEAKIZ L DREEUNDOER PR D Z ERE 2

bivs.

B A Tl IR B3 D> TV B HATH S
72D, Zydw DIHINHRHET 2 5MARUTE T T2V, Bl
FERWTW D L—Z — BRI K &IT, GRS 7 1t 2

ZBW T A RAIEDMTRbiv TR Y, Eii k& VW EEH
D—D L LTEOEENEZ NS, Lo T, B X—F
— X E TIN5 Z & C, AR 9 5 02 L
WK VERETERAZZ X 2 TLWEEXBND. ?if:, -
a—hy 7l L—F—E— AEEORR &, KT

LIS O L — 2 — BN LR 5 A TSR _ou\f%
FHETREZR G TR L, MHIEL CULEzu,

10g(Z 1adar /Zobs) [Arhitrary Unit]

-0.02 -0.015 -0.01 -0.005 0

log t [Arbitrary Unit]
4 A7 OFBRE « & Zp / Zyoaw DR HLERKEN 5
mm/hour PL_FAFRIUA, 4 mm/hour UL E 5 mm/hour A% #% T A
&Y 27, 3 mm/hour UL F 4 mm/hour Kiifiz+5, 2 mm/hour LA
8 mm/hour Kiifiz AL, 1mm/hour Pk 2 mm/hour Atz H =
TR LTz, ARERIH EREKEDY 5 mm/hour LA EDREZKDIT{ELH:
i, BARIE Imm/hour LA E 2 mm/hour AKifi OB DI T d
5.
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alb—arvEEYERREOREY

HEREE ([RTTMEPHMETHRR)

1. [XC&®HIC

REITIX, BoKERR T2 & OB KB ERIE
R AT TR O @ EALO T DI A Y Bl T
VAT LAEBEERHLTREY ., WIRMEE T
AT LDOBIFEEIT > TWAHOKFH 2010), A Y #E
T AT AT, KRB E 5km O A Y ET L
(MSM) &, =D MSM ([ZWIHIfE % 5 2 5 A VT C
MRk S, R T8 27 2%, KR E
2km O JaHiE T /L(LFM) & . %O LFM (2451 %
5.2 RN TR EIND, 2L FHRET L

TREKERH T HICE T 2BK TR ZAT 9 720121E,

BRERKKOKELZR T 7 7 A4 VEETT LOHMEIZ
L, WIHIEZ BEORKOREIZIE-SIT 5 5LEH
bD, TOTDITIE, KWEOEFRE b OB % [F
bz nFHTHDZ 0D, FrxlTL—F—
B R T — % Z R 3 2 FIMEER ik o & b
WZHED ATV D,

VIHEIERR D=0 DT — Z FHL TiL, T VDT
WAEZ B Bl A L, B E - HEEMmE D
MEZEHET S, T LT, GonraEERE I
BT T DIEERE AL V., ITHE A E
3 %, IKERE T — % & [FULICRI 9 5 729121,
BHHYETH D HBE L ET VO THRELND
VIalb—hLARTFIUZR L2, 2 OKFEED
Vial—TarOmNrs L SE, KWEICHT S
ETNDOTHEBEELEKPREDO I 2 L— 3 Uk
FECEA S ., HICEYIIERICE T S KkE DR
DIWNFIKGET D, AWETix, 7 —ZRboT-
DOITRES I 2 L—3 3 v & EY IR L o
FRIZHOWTHET 5,

2. EYEAEOMNESH

13 MSM ORIFRSAIL. EK « EKTHHL
M5 B CHREDAMNMUE SN TV D, Wifkk
SHOTRIE, HE T A—F LY/ RT A —H(C
KXOREL, ZNHEDONRTA—FO—F%ETEMEE
THAX—LE1E—AL FAF—24 (LT, 1IM)
EIEY, WHF L L AELTHAF—LE 2F—A Y
FAF—L (LT, 2M) &S, MSM (28T 5
IM X, IBRAHICEVEE T 2= R32ZWr S,
IR RT A =2 XEEME 2D, 2M X, BA &
BORENSHEE RT A—Z LY RT A —2 &2
T35, O, IM I, 2M XV b HHBEENME < KL
B DRBNL D, ZORIZHAAOFEIL, K5
MEDFEEE LG L. IM OB IRE O THik
21X, 2M XVt k&< 725 (Eito and Aonashi,
2009), 72721, 2M %, THEEITME/NT D03
BIXHNT 5, PHRETNVOBEERNZE 25 &
[R5 AL 7= e REI N CREAT T8 A 7 WUAT O BN H D
72, FHEEFMOBEINIATREZR IR Y BT & TH

%, £Z T, IM Y OFEET 2M Y ORR5y
HixBHUT D720, BURELY THREH L T HRE
RV RT A= EEKIRRIRA OB E L T2k
T 5 FEOF A AREMEOFEEZIT 72, LR TIL,
OB AF—LE 15EF—RA L FAF—L (LT,
1.5M) LIS,

TR DU T A —2F, [IEOBEKE LTE
w252 EMB TV S (Thompson 2004), 61 2 1%,
WRF OZEYELEFEO—>Th % WDM6 OE DY)
NI A=K LD Tns, =72 L,
COUIR/NT A =L, KIBIZE>T—EBEWIZEE
STLEI O, BEHOMEIC X > TIIARE KRR
B> T LE ) AR S D, 2T, R
SHORBOFE L H8EZXY, Y /RT A —HI(Z
KIRTET T HRAHURAEME S B L7258 DKy
BYWICEZ DA 07 b L, 9. A
IRT A —H OFIRMEFEMIT WDM6 & AR D
FRERIE L L CThH 2, IRAIIKRFEMEX, IR EE
ETHREFEOBIKICHHITELIICEZ D, 72,
HREMCHEE T 2REOEE LY BT, &KIEIC
EHELZVWLDET D, ks, LUFOFERIZEWNT
Mz 1.5M oz, 2M OfFRAZEHE LT
TN “RIEIC L > TROTELDTH B,

3. REEXER

JMA-NHM % 7z 2 IRt A a—)v 7 A EhR
1TV, 1.5M OMREEAE LR A2 RT, 7
WEEAKIT IM, XX 2M &35, w2, FEH%
% 2M & L7=%E6k (EXPD)., 1M & L 7= E5R(EXPS)
L 1.5M & L7=FEBREXPH) 1TV, T & Ll
T 5, K1k, KEHFEIEEME LIZFEK - &F - 5%
DIRALDE T 7 7 ANERLIZBDTH D,
EOK - F - TOIRE I, EXPS & EXPD O D%
DFHMEFR & & BITPER LTV, ZFRICXR LT,
EXPH O&IRGIZ. EXPD L IZIFREFRE L 725 T
WD ZENGID,OFE D  TIRIFR 3 RE IR X,
1.5M & 2M OFERERNFLE L /e Z LN TE
HEEEM A /R LTV B,

|
it

HEIGHT
I ]

w  az  o%  om e

- 2 - L - 1

M 1 AKEFEICER L ESNEEK (FHR) -5 (BE) -
T GRE) OEST, EXPD (F#) & EXPS (&)
L oL, THEE()60 23, (1)120 4y & (e)180 47,

wE s ew o we s am  ow
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(a)

HEIGHT
AR

G om om  ae  ae o

kghg kghg kg'a
K2 K1ERU, 72720, EXPH (B¢#R) & Okbig,

4. BHAT—2 L DL

BT —2 Ly I 2L — g OlilEdRT,
457 —#13.2010 4£ 10 A 29 H 15UTC Z %4
B & 4% TRMM PR DR /KIBCEAR 3 A 5598
fEF—% L JMA-NHM @ 3 P HETH 5, T
HOFEIL, EYHIBEORELIIME, BlE MSM
LREETH D, JMA-NHM O K5 3 FE 1% .
Lorenz-Mie B{ELICHESEHE L=, 7272 L. KK
R —ADENR D ITBE L TR, KGR
@ CFADs (contour frequency by altitude diagram,
Yuter and Houze 1995)% X 3 (279, &EHN
5000m DFEfEkE LT Tl 30dBZ i v — 27 3 d

DB & EXPH I3MER5SE L, @Rl L0 BT,
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® MBSD EBE~OEEZITR T I7-01C,
2km-NHM TROEEERZITH. DHEEEEZEE LR
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FEIXME, B, BoREH(kg/ke)% Hauser et al.(1984) & Hauser
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Kato, T., 2011: Dependency of horizontal and vertical
resolutions, and turbulence schemes on snowfall forecasts.
CAS/JSC WGNE Research Activities in Atmospheric and
Oceanic Modelling, 41, 3.03-3.04.
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