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Akihiro Hashimoto

Meteorological Research Institute

Akabiro Hastiniots



EVEERBGETILERAVFMLE - BKERERICESVTNLIED
BRETV. NV EEMEBEOSHEELERSELLIC. NVIEEYE
BREOREFFETHILT. TUHUTLFRICE T MEBRIEHFIEN
DIEHESZ D,

Imprﬂvement of ____, Contribution to

ensemble forecast

Numerical simulation

T - [ KHT O S : : |
maeasian |\ SH bulk microphysics |
TEHEVEERBRTE =
FVERLT, ik e Y 73R Eb & DIFIHTIR
BIEMNLE-FKET EVEERBETILICESBIBERRITE KGFHEIRL
EEEMICHERY SRUE EETLHH. HITREEH AL, EHREMAOB/HHAIK
EEBRE1TI. D BB E ) 1B iREE 7B RL TRBREZH T 5,

BEE -ooe-ooeeceereee HHEM T — &

EVAEYEBROZYMERIT 510, FHE
BT -2 AFLTETLVREREDLEEKEITD,

SBEO7Y T EHERT —4

HlL— R EHKEROEHEICET SENRRORSL
SESUT, ETAFBRERRT D,

IR = BAkBRORELEBRICE. BRI SROELERRETIBENHZA. WAL
HEEREET SO RERR/OVIZEWTERENL 7 TO—F TIEEL, ZD
1=t EBRA RIS CHEREERE D DHEMEE L 5= DEEILERD S,

Development of
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Numerical simulation Improvement of Contribution to

. A ensemble forecast
bulk microphysics
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Development of
multi-binned microphysics
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Modelling through

coarse graining Physical lows and

empirical rules

Simplified
Model

formulated with

mathematical system

Modelling the
nature based on
fundamental
processes

Review this pro
to improve bulk

Observation < . . Nature
Extracting properties

of complex system in
the nature
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Three properties Five properties

Still so simple compared to the nature, but
ore sophisticated than the other current

SBMs
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Prognosed in the multi-binned
Depositional growth rate microphysics model
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[KJ4r (-1 C 2 b (b )

Dx nx( Dx) dDx

Function of size and aspect ratio
representing the shape effect of
hydrometeors and Kinetic effect
in diffusional growth process,
usually ignored in bulk
microphysics
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evaluated by multi-bin model
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101 2.0

Values less than unity can be the source
of error in determination of riming
growth rate, when a model assume
spherical hydrometeors and no Kinetic

effect on diffusional growth 100 10
Snow Snow
Only aspectjlgltlo and shape factor are 3 0.1
considered f(;lloevaluatlon of eljlg v 10+ 10
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Riming growth rate
Collection effiency is a complicated function of size

of hydrometeor in the nature, so hard for bulk
microphysics to integrate explicitly.
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evaluate using multi-bin model
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The range of collection efficiency can be the
source of error in determination of collection
rate of cloud droplet, when a model assumes a
constant value for collection efficiency.

Snow Snow
Only collection efficiency is
considered for evaluation of
error
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