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Brief ExplanationBrief Explanation

Explicit Microphysics parameterize Explicit Microphysics parameterize 
phase changes of water on a phase changes of water on a 
resolvable scaleresolvable scale

Rain, Snow, Rain, Snow, GraupelGraupel, Cloud Ice, , Cloud Ice, 
Cloud WaterCloud Water



Input and OutputInput and Output
InputInput
–– TemperatureTemperature
–– Water VaporWater Vapor
–– P starP star
–– PressurePressure
–– Time StepTime Step

OutputOutput
–– Temperature Change due to Phase ChangesTemperature Change due to Phase Changes
–– Changes in Water VaporChanges in Water Vapor
–– Cloud WaterCloud Water
–– Total Precipitation at SurfaceTotal Precipitation at Surface

Rain + Snow + Rain + Snow + GraupelGraupel + Pristine Ice Crystals+ Pristine Ice Crystals

–– SnowSnow
–– GraupelGraupel
–– Pristine Ice CrystalsPristine Ice Crystals
–– RainRain



Flow Flow 
DiagramDiagram



EquationsEquations

CondensationCondensation
–– RRcc(t+1) = (t+1) = RRcc(t) + ((t) + (RRvv(t)(t)--RRsatsat) if ) if 

((RRvv>>RRsatsat))

EvaporationEvaporation
–– Cloud Liquid then Rain (Cloud Liquid then Rain (RRcc = 0)= 0)

rate = rate = --(R2V)*(R2V)*RRcc

–– RRvv(t+1) = (t+1) = RRvv (t) + rate*(t) + rate*dtdt
–– RRrr (t+1) = (t+1) = RRrr (t) (t) –– rate*rate*dtdt



Ice NucleationIce Nucleation

RRpp < 1E< 1E--6 and T< 268K6 and T< 268K

–– RRpp = = qqmassmass*EXP(*EXP(--0.639*12.96*(R0.639*12.96*(Rvv/R/Rsatisati--1))/1))/ρρ
qqmassmass= 10= 10--1111

–– Arbitrarily Limited to half the vapor Arbitrarily Limited to half the vapor 
excessexcess



Ice GrowthIce Growth

RRpp > 1E> 1E--66

–– rate = (V2P)*(rate = (V2P)*(QQvv--QQsatisati)*)*QQpp

QQpp(t+1) = (t+1) = QQpp(t) + rate*(t) + rate*dtdt
QQvv(t+1) = (t+1) = QQvv (t) (t) –– crate*crate*dtdt

–– V2P = 25.0V2P = 25.0



EvaporationEvaporation

IceIce
–– rate = (P2V)*(rate = (P2V)*(RRsatisati--RRvv)*)*dtdt

RRvv(t+1) = (t+1) = RRvv (t) + rate*(t) + rate*dtdt
RRpp (t+1) = (t+1) = RRpp (t) (t) –– rate*rate*dtdt

–– P2V = 0.004P2V = 0.004

SnowSnow
–– rate = (S2V)*(rate = (S2V)*(RRsatisati--RRvv)*)*dtdt

RRvv (t+1) = (t+1) = RRvv (t) + rate*(t) + rate*dtdt
RRss (t+1) = (t+1) = RRss (t) (t) –– rate*rate*dtdt

–– S2V = 0.002S2V = 0.002



Evaporation (cont.)Evaporation (cont.)

GraupelGraupel EvaporationEvaporation
–– rate = (I2V)*(rate = (I2V)*(RRsatisati--RRvv))**dtdt

RRvv (t+1) = (t+1) = RRvv (t) + rate*(t) + rate*dtdt
RRii (t+1) = (t+1) = RRii (t) (t) –– rate*rate*dtdt

–– I2V = 0.001I2V = 0.001



MeltingMelting
Limited by (Limited by (TTooCC)*C)*Cpp/L /L 
–– Keeps Grid Point > 0Keeps Grid Point > 0ooCC

Cloud IceCloud Ice
–– Melts Instantly To Cloud WaterMelts Instantly To Cloud Water

SnowSnow
–– rate = (S2R)*(rate = (S2R)*(TTooCC))
–– S2R = 8.33 * 10S2R = 8.33 * 10--66

GraupelGraupel
–– rate = (I2R )*(rate = (I2R )*(TTooCC))
–– I2R = 8.33 * 10I2R = 8.33 * 10--66



FreezingFreezing

Cloud Water to Pristine Ice CrystalsCloud Water to Pristine Ice Crystals
–– Allows for Allows for SupercooledSupercooled WaterWater
–– rate = (C2P)*((253rate = (C2P)*((253--T)/20)T)/20)22

C2P = 16.7*10C2P = 16.7*10--66

Rain to Rain to GraupelGraupel
–– rate = (R2I)*((267rate = (R2I)*((267--T)/14)T)/14)22

R2I = 8.33*10R2I = 8.33*10--66

Temperature is Adjusted using L and CTemperature is Adjusted using L and Cpp



CollectionCollection

AutoconversionAutoconversion
No Rain and No Pristine Ice CrystalsNo Rain and No Pristine Ice Crystals
–– QQcc > > QQcminimumcminimum

–– QQrr(t+1) = (t+1) = QQrr(t) + (Q(t) + (Qcc(t) (t) –– QQcminimumcminimum))

–– QQpp > > QQpminimumpminimum

–– QQs s (t+1) = Q(t+1) = Qs s (t) + ((t) + (QQpp (t) (t) –– QQpminimumpminimum))



Collection (QCollection (Qcc) ) -- CompetitionCompetition

Competition for QCompetition for Qcc

–– RainRain
rate = (C2R)*Qrate = (C2R)*Qcc**QQrr

–– C2R = 33.0C2R = 33.0

–– SnowSnow
rate = (C2S)*Qrate = (C2S)*Qcc*Q*Qss

–– C2S = 33.3C2S = 33.3

–– GraupelGraupel
rate = (C2I)* Qrate = (C2I)* Qcc**QQii

–– C2I = 16.7C2I = 16.7

NDNDsnowsnow = = NDNDsnowsnow*Q*Qcc//NDNDsnowsnow



Collection (QCollection (Qcc))-- RimingRiming

Nucleate Cloud IceNucleate Cloud Ice
–– QpQp = = QpQp + 0.01*(+ 0.01*(NDNDsnowsnow + + NDNDgraupelgraupel))

0.01 is Arbitrary0.01 is Arbitrary

Converts Cloud Water to Converts Cloud Water to GraupelGraupel
–– QQrr (t+1)(t+1) = = QQrr (t)(t) + + NDNDrainrain

–– QQii (t+1)(t+1) = = QQii (t)(t) ++NDNDgraupelgraupel + + NDNDsnowsnow



Collection Collection QQpp

Always Leave 10Always Leave 10--66 kg/mkg/m33

–– Produce More Condensate if SupersaturatedProduce More Condensate if Supersaturated
–– Small Size Limits CollectionSmall Size Limits Collection

Snow (Aggregation)Snow (Aggregation)
–– rate = (P2S)*(1rate = (P2S)*(1--(273(273--T)/50)*T)/50)*QQpp*Q*Qss

P2S = 5.0P2S = 5.0



Fall Velocities and SaturationFall Velocities and Saturation

VVrr = R= Rrr
0.1250.125**ρρ--0.50.5

VVss = R= Rss
0.10.1**ρρ--0.50.5

VVi i = R= Rii
0.3330.333**ρρ--0.50.5

VVpp
= = ρρ--0.50.5

RRsatisati and and RRsatsat

–– From Empirical Seventh Order PolynomialsFrom Empirical Seventh Order Polynomials
–– Each With Eight ConstantsEach With Eight Constants



Parameter TotalParameter Total

32 Parameters or Constants32 Parameters or Constants
–– “Tunable”“Tunable”

Qcmin,Qpmin,V2P,C2R,C2P,C2S,C2I,P2S,R2I,S2R, Qcmin,Qpmin,V2P,C2R,C2P,C2S,C2I,P2S,R2I,S2R, 
I2R,R2V,P2V,S2V,I2VI2R,R2V,P2V,S2V,I2V

48 Including the Saturation Equations48 Including the Saturation Equations



Sensitivity AnalysisSensitivity Analysis
OfflineOffline

IC from NCEP ReanalysisIC from NCEP Reanalysis
–– Temperature and Humidity ProfileTemperature and Humidity Profile

17 17 σσ Levels to 300 mbLevels to 300 mb

Linearly Reduced Temperature To Create Linearly Reduced Temperature To Create 
Over SaturationOver Saturation
MetricMetric
–– Amount Of Total Fallen Rain,Snow,Amount Of Total Fallen Rain,Snow,GraupelGraupel,Ice,Ice



V2PV2P
rate = (V2P)*(rate = (V2P)*(QQvv--QQsatisati)*)*QQpp

 Vapor To Pristine Crystal Rate
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C2PC2P
rate = (C2P)*((253rate = (C2P)*((253--T)/20)T)/20)22

Cloud Water To Pristine Crystal Rate
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C2IC2I
rate = (C2I)* Qrate = (C2I)* Qcc**QQii

Cloud Water To Ice Rate
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R2IR2I
rate = (R2I)*((267rate = (R2I)*((267--T)/14)T)/14)22

Rain to Ice Rate
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QQpminimumpminimum
QQpp > > QQpminimumpminimum

QQss = Q= Qss + (+ (QQpp –– QQpminimumpminimum))

Qp Minimum
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Exponent In Rain Fall VelocityExponent In Rain Fall Velocity
VVrr = R= Rrr

0.1250.125**ρρ--0.50.5

Exponent In Rain Fall Velocity
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Validation Against Rams Validation Against Rams (Schultz 1995)(Schultz 1995)

Jan 1992 Feb 1994



SummarySummary
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