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Moisture equations & Reynolds averaging

< Governing equations for water vapor (q)

a + (ﬁ . V)q = —C « C: condensation-evaporation

<+ After Reynolds averaging (over a grid)

Sub-grid scale Large-scale
physics (Cloud) condensation

% Convective parameterization equation

0 oM —q
- ﬁ m’qr = —g C(g; D — € -« C: convective precipitation




> 35km GCM simulation
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Parameterization is still needed for O(10km) models
But not as it is in O(100km) models



Conventional GC
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Cloud
Microphysics
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Cloud Resolving Model
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Vertical profile of moist static energy

v' Last 15 days mean of radiative-convective equilibrium
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Budget of microphysical processes (vertical integration)

Rainfall rate

1
Dominant processes having
resolution dependency Condensation

Evaporation

Sublimation

Melting of graupel to make rain

Melting of snow to make rain

Deposition

Accretion of cloud ice to make graupel
Accretion of cloud water to make graupel
Accretion of snow to make graupel

Bergeron process of cloud ice
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Modification of cloud microphysics in CRM

v' Sub-grid concept of condensation process
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v" Modification of autoconversion threshold value

>~ @

cloud rain water

WplgeArUT = ap(qc o ch)

o : rate coefficient (103)
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0 10 20 30 40 50 60 70 80 90 100

- Modi®) | IsifleaiPABIACESSAB MGIERIN 5x104 g g2
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CRM result for condensation rate

(1) Sub-grid concept of
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The Impact of Modification of cloud microphysics
» Modified microphysics (35km, Jan)
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» Original microphysics (35km, Jan)
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Toward High Resolution GCM with Microphysics

Convective
parameterization
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Moist processes
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v'"Microphysics for convective cloud
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Parameterization vs Microphysics

Precipitation (Jan)

> TRMM Observation

> 35km GCM simulation

Convective
parameterization
(Bulk scheme
Kim & Kang, 2011)

Large scale
condensation
parameterization

oq /’2) N -
g /=N
—+u-Vg={——w'q' +C !
ot = ﬂp I*: /’
\\s ’,/

Modified cloud

microphysics ‘

(GCE)

Microphysics for
grid-scale
condensation only

T T T e miday]



Parameterization vs Microphysics

Precipitation (Jan)

> TRMM Observation

> 35km GCM simulation

Modified cloud
Microphysics for microphysics
grid-scale (GCE)
condensation only

P ~
_ ’ S
aq = /0 YES
—+U-Vg={-—w'q FC}
ot q ‘\\ ap ,l*: /
Sel 7
W
Convective Modified cloud
parameterization microphysics
(Bulk scheme (GCE)
Kim & Kang, 2011) =

Adding convective
parameterization for sub-gird
scale condensation 6 18 [mm/day]




Shallow convection vs Deep convection

Precipitation (Jan)

> TRMM Observation

> 35km GCM simulation

Modified Microphysics

Modified Microphysics

+ shallow convection
(non-precipitation, diffusion type
similar concept to Manabe scheme)

Modified Microphysics
+ shallow convection
+ Deep convection (BULK scheme)




Shallow convection vs Deep convection

Precipitation (Jan, 3hourly)

Modified Microphysics

Modified Microphysics

+ shallow convection
(non-precipitation, diffusion type
similar concept to Manabe scheme)

Modified Microphysics
+ shallow convection
+ Deep convection (BULK scheme)

> 35km GCM simulation
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Thank you



Influence of different type of microphysics in GCM

> Prcp. of Jun

TRMM

Lin
scheme (1983), 35km

Rutledge-Hobbs
scheme (1984), 35km
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