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Eulerian framework �
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Prognostic variables �

Hashimoto, A. 2014: Development of sophisticated bin-microphysics model, Low Temperature 
Science, 72, 71-78. (in Japanese with English abstract and figure captions) 
http://hdl.handle.net/2115/55019 
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     Production terms Microphysical processes 
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表2 : モデルで考慮される微物理過程．	 
Table 1 : Microphysical processes involved in the model.	 

Microphysical processes �

Hashimoto, A. 2014: Development of sophisticated bin-microphysics model, Low Temperature Science, 72, 71-78. (in 
Japanese with English abstract and figure captions) http://hdl.handle.net/2115/55019 
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190 R. Misumi et al.

Figure 4. Plots of melted diameter versus (a) bulk density, (b) solute concentration and (c) aspect ratio of simulated ice particles
at the 1.35-km (−12.3 ◦C; blue squares), 1.57-km (−14.0 ◦C; green squares), 1.94-km (−16.9 ◦C; orange triangles) and 2.5-km
(−21.4 ◦C; black circles) levels. Only the particles with number density greater than one per 10-mol air are plotted. (d) Illustration
of simulated ice particles at the 2.5-km level. Particles are drawn at random positions in the plane so that their numbers reflect the
simulated number density. Ellipses with horizontally long axes indicate oblate spheroids. Bulk density is denoted by the brightness.

Figure 5. Diagrams showing the increasing rate of ice mass
by the riming growth (Prim) and that by the deposition growth
(Pdep) for ice particles at the 2.5-km level (−21.4 ◦C; LWC =
0.97 g m−3). Abbreviations for the particle types are the same
as in Figure 3.

using an adiabatic parcel model. The model simu-
lated the bulk density of ice particles in the cloud
as well as their mass, aspect ratio and solute con-
centration. The water content and size distribution of
super-cooled drops and the prevailing type of ice crys-
tals (plates-like crystals) and their size are consistent
with the video-sonde observation by Murakami et al.
(1994). The simulation results also suggest that iso-
metric crystals could act as graupel embryos most
effectively near the top of the cloud. For more detailed
discussion of the graupel formation, a simulation of
the mature stage of the convective snow cloud is
required.

In the present simulation, ice-nucleation processes
are highly parameterised and further improvements
are needed. The model is now being improved using
the data from laboratory experiments on drop and ice
nucleation (Yamashita et al., 2008) and the field exper-
iment obtained by the Japanese Cloud Seeding Experi-
ment for Precipitation Augmentation (Murakami et al.,
2008). It is also being extended to a five-dimensional
version which treats aerosols as mixed nuclei contain-
ing soluble and insoluble materials (Hashimoto et al.,
2006).

Copyright © 2010 Royal Meteorological Society Atmos. Sci. Let. 11: 186–191 (2010)

Misumi,R.,A.Hashimoto,M.Murakami,N.Kuba,N.	   Orikasa,A.Saito,T.Tajiri,K.Yamashita,and	   J.-‐P.	   Chen	   (2010)	   M	  
icrophysical	   structure	   of	   a	   developing	   convecOvesnow	   cloudsimulatedbyanimprovedver-‐	   sionoQhemulO-‐
dimensionalbinmodel.Atmos.	  Sci.	  Let.,	  11,186-‐191.doi:10.1002/asl.268.	

Ascending parcel simulation �
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MASS	  BIN	MASS	  BIN	

          16x10 MPI 

      80x3x38 spatial grids 
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Liquid water	 Solid water	

Mixing	  raOo	

Number	  concentraOon	

Liquid water	 Solid water	



   March 9, 2015                                                               Akihiro Hashimoto 

Advanced Numerical Simulation of Cloud and Precipiation with Multi-binned Microphysics �

1.0�

0.5�

0.0�

%�

1

2

3
D

EN
SI

TY
 (k

g 
m
−3

)

8 16 24 32 40 48 56 64

BIN

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
CFAD (%)

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3
D

EN
SI

TY
 (k

g 
m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

MASS	  BIN	

103	

102	

101	

Mass-Density Diagram�

Ice	  crystals	

Frozen	  drops	 Hail	

Graupel	

Densely	  rimed	  ice	  crystal	

Snowflake	

millimeter �micrometer �



   March 9, 2015                                                               Akihiro Hashimoto 

Advanced Numerical Simulation of Cloud and Precipiation with Multi-binned Microphysics �
1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
CFAD (%)

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
CFAD (%)

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BIN

1

2

3

D
EN

SI
TY

 (k
g 

m
−3

)

8 16 24 32 40 48 56 64

BINMASS	  BIN	MASS	  BIN	

3500 m, -4 oC	
103	

102	

101	

103	

101	

6000 m, -21 oC	
1.0�

0.5�

0.0�

%�

102	

Hail	Hail	

Mass-density spectra�



   March 9, 2015                                                               Akihiro Hashimoto 

Advanced Numerical Simulation of Cloud and Precipiation with Multi-binned Microphysics �

Potential applications �

Microphysical interpretation of in-situ and 
remote-sensing observations of cloud 

 

Reference model of bulk microphysics 
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Ongoing works �

Verification of modules 

 

Preparation of 3-D realistic simulation 


