HOKKAIDO UNIVERSITY

Title BRELYEEHUMEETILORR
Author (s) /A, BAsh
Description I, FHAEHMETETILOREEIGH
Citation KRR, 72, 71-78
Issue Date 2014-03-31
Doc URL https://hdl. handle.net/2115/55019
Type departmental bulletin paper
File Information LTS72 009. pdf

kaido
\;\0\‘ U”/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




{EIERIE 72 (2014)

EREEYVEEMMIEETIVORFE

‘A BH3A

= . kRS S L7 0 YV -EMEERICh ) 22 OFEEOREB LT T VLR HE L TH
FRENIZRITE VEEWIHE T NVICOWTHRST 5. ZOETIVIX, =70V VLB T O
EFENBEEEZERT WL OLOYHEREE2 S RITTOMTZEMICHERFT2 22T, 2BEOZ 7Y VORN
HRRE LAMPBREE 2 Y — AV AV S £ & b2, KEFOIRD A75 & F8E OEF N 5 210 %
EEOFBRE TR TE %, ZhICE->T, FERDE VBICHARTREMICHEERZZ 7 a YL « & .
BeAb FORBIMNAEE L ooz, ARETIE, TFVOMELR TR L LT, EKE LTI 5 L 2EE
D7 YV NVOIBREGHENEBERICE 2 5 B FHE 3 2 720 DEER, )V 7 BEYHEEERERRE
DIz DEHHESIRE TN & L TCOEHZ R B W EROVISH LERICOWTIRNS |

Development of sophisticated bin-microphysics model

Akihiro Hashimoto

A new version of the multi-dimensional bin-microphysics model, which employs five dimensions to represent
the diversity of physicochemical properties of aerosol, cloud and precipitation particles, was developed. The
model is able to seamlessly represent internal and external mixings of two different aerosol components, and to
express various shape and density of an ice particle in a given resolution. The model was incorporated into an

adiabatic parcel model to perform two simulations. One simulation is to examine the sensitivity of cloud
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formation to the externally-mixing ratio of two types of cloud condensation nuclei.
reference data for improvement of bulk microphysics model.

and the simulation results.
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Another is to provide
This article shows brief description of the model

H%. 0%, WYRETMUIZHTIz > THETNEY
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PNV, B BZENICIFET 2R FREOMRMER E L
TOREERTYHEE (KTFORECHRER) %2 FHRE
B L TIRHEFERAZES . NFOLKES L, B -W
WK« BRF & -BRE, BHEEDOZ 7 AEFITT
FREMICERBTE SN S . NFORESLK FROMHAEIER I
RFH A RCHLSIKIFET 5720, ThoDERLIT, &
7 7 ADKLF DY A XDSBUERIIAG A >~ 534555 D
SRR TEICHE D LIRE LIz ETRhREhG . NV ok
EHYEER I IRETE I X PRV D% < DK
R [UEE T VI AR EFNMRKEEEFRICIE S AL S
nbEEbiz (Lin et al. 1983 ; Rutledge and Hobbs
1984 ; Murakami 1990 ; Ikawa and Saito 1991 ; Fer-
rier 1994 ; Meyers et al. 1997 ; &/, 1999 ; Morrison
and Grabowski 2008), HFREEDOKRE > ¥ —icBW»
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Fig. 1 : Conceptual diagrams for the expression of attribute of particles in bulk, bin, particle methods.

TEHBAETNVICHEAINT NS,

SNV L T E VR, W8, KTV A X REET
BUASHBEIBOIREIC X 5 2 & AR E L
EWE T H % (Takahashi 1976 ; Kogan 1991 ;
Reisin et al. 1996 ; JI[# 1999 ; Khain et al. 2004 ; 1§
A 2009) . A, IR -EEY -2y IEl
DOHFESHIC LY, E - AR T OIRE YRR B 3
DEMT = BEOND LI h>TELI LS, A
TR E S CSRRTFREEZRILL 5 2 EMWEE T
VDOBIFEBHE D 5 T v % (Hashino and Tripoli
2007 ; Morrison and Grabowski 2010 ; Van Dieden-
hoven et al. 2012) . & 512, EORIEZEIM OB L
STy u Y NV-EHAEVERCEY 5 RE T L CBEUL
ETNVERW 7 7 —FREENS LS ckol. E
VR, X OYERERNC RE LWL TH 5 KA R AR
NELIRS WY, EERZFEICEHR S 2 135X
BEHEERELIE L T 503, HERMERENEL M EL T
EloZkicky, IERECOFALIEZ T2 (Fein-
gold and Kreidenweis 2002 ; Hashino and Tripoli 2007,
2008, 2011a, b ; Suzuki et al. 2010 ; Xue et al. 2010 ;
Iguchi et al. 2012 ; Sato et al. 2012a, b) .
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BE -7 AN MO 3IRITCOETFEMERT T 5.
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REDLERERIEE LTz, 20 VkEMY#EE 7 v
(Misumi et al. 2010 ; f5A1Z 2 2013) OREZE L YA
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2. BRTEVEEMIMEET IV

ZRICE VIREMPFEE T IVICB W T, Wi & KR T
DR FIEMEZERTZH {x;;7=1, 2, 3}, {y,; /=1,
2,3, 4,5 &, ZhzEh, LTObOns%3.
mass of water
x;=1mass of aerosol I 1)
mass of aerosol II
mass of water
volume
(2)

y;=1aspect ratio

mass of aerosol I

mass of aerosol II

INSDEHIC XY, Wl 3 XIT, KBLFIE 5 Rt
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ORI S B R - KBTS BT B TS £,
x2, x3), g(¥1, vz, vs, va, ¥)i&, U TFOER» S %
5.
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Fig.2 . Conceptual diagrams of (a) the grid space for
multi-dimensional bin microphysics model and (b) the
attributes of a particle.
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B TE 2% X5, x-Kohler Bimic & L ERIE (Pet-
ters and Kreidenweis 2007) #&A L7z, X 31k, #&fd
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(x=0.61) ¥ bF bV 7 A (x=1.28) PEE LKL
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AR TH 2 LESH (K2b), 7ARZ MhicE z
SN SHRAME « /MEERET VA X (BERE) ic U
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HTE 2. BT RICBIT MM « K FORFEZ LR
RO XSRS,
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(ds/ A)ms, (dyi/ dt)n, FAEHZ DRLT DEEFRIC b 72
D, WOV TIXERIEAL - B R - mRitE S
EZHH - BRHA, KETFI2 DO TkE-EL « &
He STRIE - BREE - BAROE, W - KRR T
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Fig. 3 : Critical condition of droplet nucleation for the mixed
sodium chloride (¥ =1.28) in the cases of super-saturation of

aerosol particles composed of ammonium sulfate (¥ =0.61) and
(a) 0.01 %, (b) 0.1 %, and (c) 1 %. Red and Green lines indicate

x and diameter of a mixed particle, respectively. The boarder between blue and white areas indicates the critical diameter

of mixed particle.
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Table 1 . Microphysical processes involved in the model.

Related production terms

Microphysical processes

().

Droplet nucleation

Condensational growth/Evaporation
Collision coalescence/breakup
Spontaneous breakup

dyj
dt

().

Ice nucleation

Depositional growth/Evaporation
Aggregation

Spontaneous breakup

3. WEMETZOVIL 2 BARICHIFDIEERMIC
B9 SEMERER

ZRICE VBB E TIVIL, SRR LA R
B CCERESESRGOR L 2T ORGIRELZ R T
&5, ZOREEIL, WY YE= v ART LI
N 7 ARCF OINERIR EIRE 2 IS & U 7o BRAER
EER 2T, BIBEORS 2 2 O L7 0 VIV OFELE
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I
3.1 EERETE
ERAEROVIIAERFE A2 720, ERICET 5%
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Jo. BRI OIS M1, KL 850 hPa, ¥ 80%,
RE16°CE LTz, BT v & =7 AR F IR BIEH S
S LAREL, FREFE0.1 xm, 73#00.6, B
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F MUY LARTFIZ DOV T HRBIER S IREL, R
EELpm, 801.0, BIREIFZ 1em 2 2 5 3000 cm™®
OMITERZE2 THEBY OFM2 527, 2hZzhicD
WT, &5, FREHEE®0.3ms™ & 10ms™! QT
BRZZ 4380 OBEFHE21TR o7z W OR-TIRAE

( dx; > < dy; ) Riming
dt Jmy \ dt Jm; Melting
PRIBETEIL, K, B >E=v A, H{EFr+V Y

ADRBERICHLTA45, 32, 32 L7,

3.2 &R

K4k, 43800 LEREEICOWT, BROBEE L
BREAEEERE 2T NV Y AR T OWABIEE O
B LTELTwS. HHF MY 7 AR T21-10
cm? A —F —DBE, ER S W ER OBIRE R
7 v E =7 AR T OEE BT C Lo TR E 2
2, HALF U AR OBIRES 10 cm 2 LLEIWC 2 %

&, Bk vV Y AR TFOEEALRE O EE R L ICK
NIED, 100cm? L E TR E Bz, &, EN

FERE OBEWRHERT 2LEBH 2 OO, BRI
DARE L Bz 2f@EO L7 0V VK TFR{-ET 251
BWT, EEEL2YIT 270 VERED XS 7%
ST ANED 20OV TCERNRHREZAREICT 5
77a—FE LTHIRTE S,
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Fig. 4 - Droplet number concentration (solid lines) and
mass-weighted mean diameter (broken lines). The former
and later are the values after 900-m and 600-m ascent
from the initial point, respectively. Thick and thin lines
correspond to 9000 and 3000 cm™2, respectively, of initial
number concentration of (NHa)2 SO4 particles. Red, green,
blue, and grey indicate the ascending speed of 10, 3, 1, 0.
3 ms™!, respectively.

TIVES T VIcHT 2HESEET LV E L TOME
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4.1 RERERTE

SUE & E O WIS % 1000 hPa, 95% & L, #JHH
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S, THEY OBEREE{To . RO EAEE R
4.0ms™ &L, BSIFEIE 1500 7 (- 3EAE 6000 m)
L. RPREZRIEFEE, K, KEEERS, T
WS OEBERICNGL T, ZhZh, 45, 16, 16 &
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L7z,
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KRBT O R EEE» SR TEERRDI: LT, 7R
N7 N BE - BRO3IODBHERWT, K- E
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T DOWTI, PRS0 pm ZEFR E L CTER & I
LTz

B4 5a i3, AWIHNRE (B oL T2 h 2 il
EROERE SN, KTIA TRIORELTa 7 74
VTH 5. M EFPOESIOBETHY , £9IH
B2 IAS (B & U TIREWSEIL Dok 234
FRENTWLBET2ERL T3 . FIHNEE D EEAE W
FMETIE, Bh (FFEE) EROck < W (Fin) 4
ORIz, & R—m8ii) - & RTAHEE) OERK
BHEL DI L, PR EME WS I IR REER I A
EDoNT, BRAERD SKERNEBITL Tz, K
5bix, I CHIMAEZEICB T 250 7 kE TV (FBA,
2008) OFERTH 2. KiTI A 7TOESEIL, M, £2
CEBETH B . NIV TR X BRERI, HRICE VR
L BRERICEL N, EHL - BT - W - BOERBRI X <
HoTVBbDD, EFDOERNPPREL, BEROHE
PMVNTH o1z, COBEOHEZ, HELOES WS
& YERRANC & 0 BERRETH 2 Lot e ket
LT, WVIEDHERRENEDRESL > T hER
LTw3. 8GR RIEETNVTEL HLSRTW AL
7 REYHELSTE ORMGE « R D701z, FEE - BElE O
g z2@ U7 7a—F BEETH 08, FOK, %
Bi- BHFER T VR EDESED X O RERIC L
o (REE SWIYEEREND 5 D0, €T MEFL
WD D 2 O0E) FHAE TR W EN%n. —7,
IOREBRET NV EDE BT I —F I, ®T
MEFE HREOESEY) OFEVIZL > TERTETD
EREUC L0 2HHBICTHECE 2 A03ENLTBY, E
B« B 2@ e 7 7 u—F &R 2 E D 1 T D
HENBEXRETHS.

BERDE X, NV ERER, KRTYA T ETF

Table 2 : Classification of ice particles.

Aspect ratio Density (kg m~2) Mass (kg) Type
m<1.35x10-1° Ice crystal
0<2.5
1.35x107*°<m Snowflake
0.8<a<1.2
2.5<0<0.8 Graupel
0.8<p Hail
m<1.35x 101 Ice crystal
0<2.5 Snowflake
a<0.8, 1.2<a
2.5<0<0.8 1.35x1071°<m Graupel
0.8<p Hail
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Fig. 5 : Mixing ratio of each hydrometeor as a function of the temperature of ascending air parcel (ordinate) and its initial
value (abscissa). Green shade indicates the mixing ratio of snow. Blue solid and broken lines correspond to cloud water and
rain, respectively. Red dashed and double dashed lines indicate the mixing ratio of graupel and hail, respectively. White line

corresponds to cloud ice.
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