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Brief Explanation

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

o Raln, Snew, Graupel, Cloud Ice,
ClouaWater



Input and Output

¢ Input
— Temperature
— Water \VVapor
— P'star
— Pressure
— Time Step
Oll'rp J[C
remperature Change due to Phas
Changes; in Water VVapor:
Cloud Water
ihetal Precipitation: at: Suliicce
y: R Sneows £ GiiaUupel = Pristine Ice  Crystal
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Flow
Diagram

L

candnae rocmse
wagie bo ol
_1Iql.|i-.1

cloud e

€>

T

——

Evapnrabe
s Figuid

]

Ciﬂu\llma?)
Eroitl aj
cliad lee

—

k-
Freesafmell freeee'mell miell s
£ ol mmagker rein/ice inibG Faii

eollbest ol nwd
tgpund By rain

v

cillect ol
Py by en

vulledt abuwd
liguid by ice

cimvert
i siowve
S

elousd

rraporabe
rain

¥

Evaporate
cloud e

f:::.'i-.w

P |- Flow dizgram for the MWF explicil mcroplysics algonithm, ¢ is mixing ratio
The sulseripts are v, vupor; o, clood ice; B, Bguid sslaration; is, ics safuration,



Equations

¢ Condensation

= R (t+1) = R(t) + (Ry(t)-Ree) If
(RV>Rsat)

y IEVEPORatIon
= Cloua Liquia tnen Rain: (R =1 0)

plidte = ~(RZ2V) =R

= RS (L= REA(t) S ater-ait

= R (CHE1)F=RE(6) = ratErrat




lce Nucleation
TS Rp < 1E-6 and T< 268K

— R = G, "EXP(-0.639%12.96*(R, /Re.-1))/p
O)-11

Mass =
S ArpItranly’ Limited to nalif thie: Vapor:
XC

m\ &l
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lce Growth

¢ Rp > 1E-6

—rrate = (V2P)*(Q,-Qc.1)"Q

Qp(t) + rate=dt

Q) (t) = crate~dt



Evaporation

¢ Ice
_ rate = (P2V)*(R...-R, )*dt
o R (t+1) = R, (t) + rate*dt
o R, (t+1) = R, (t) — rate*dt
— P2V = 0.004

y SINOW.




Evaporation (cont.)

¢ Graupel Evaporation
—rate = (I2V)*(R...-R, )xdt
oR (t+1) = R, (t) + rate*dt

IZ\/ = O OO|




Melting

¢ Limited by (T°C)*C,/L
— Keeps Gridl Point > 0°C

¢ Cloud Ice
— Melts Instantly e Cloud Water

y SINOW.
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Freezing

¢ Cloud Water to Pristine Ice Crystals

— Allows for Supercooled Water
— rate = (C2P)*((253-1)/20)2
o C2P = 16.7*10°

¢ Rainl ter Graupel
~ rate = (R21)*(267-1))/14)2
o R21 = 8.33%10:°

» IEmpEerattrels Adjustearusingflc anarC,



Collection

¢ Auteconversion
o No Rain and No Pristine Ice Crystals

= Q¢ > Qcminimum
- Q(t+1) = Q1) + (QLL) = Qcminimum)

RN

O)F () + (Q (L) = r)erJJmlJm)




Collection (Q.) - Competition

¢ Competition for Q.
— Rain
¢ fate = (C2R)*0Q. >0,
— C2R = 33.0

— OIOW

D

SINOVY,




Collection (Q,)- Riming

¢ Nucleate Cloud Ice

— Qp = Qp + 0.01*(ND. o, T+ NDgraupel)
¢ 0.01 is Arbitrary

¢ Converts Cloud Water to Grau
Q, (T+1) = Q. (L) + ND.;,

el

= NP

SINOW

Q; (E+1) = Q, (£) #NDyoupe



Collection Q,

¢ Always lLLeave 107° kg/m?
— Produce More Condensate, iff Supersaturated
— Smalll Size LLimits Collection

) SNOW! (Agg@iedalion)

/PZS = 50




Fall VVelocities and Saturation

PN Vr — Rro.125>|<p-o.5

¢ Vs Rso.l*p-o.s

b R and R
= ERom EmM r)JrJf“rJJ Seventh Order Polynemials
= EachPWiIthNEIGhit Constants




Parameter lotal

¢ 32 Parameters or Constants

— “Tunable”

» Qcmin,Qpmin, V2P, C2R,C2P,C2S,C21,P2S, R21,S2R,
2R R2V, P2V, S2V, 12V

y 46 Inclding the




Sensitivity Analysis
& Offline

¢ IC from NCEP Reanalysis
— llemperature and Humidity: Profile

¢ 17 o Levels to 300 mb

¢ Lineanlys Reduced liemperatlre o Create
OVer Saturation

¢ MEtHC
— Amount @ifetalrFallentRain, Snow, Gratpellce



V2P

rate = (V2P)*(Q,-Qq.)"Q,

Vapor To Pristine Crystal Rate
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C2P

rate = (C2P)*((253-T)/20)2

Cloud Water To Pristine Crystal Rate
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C2|

rate = (C2)* Q.*Q

Cloud Water To Ice Rate
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R2I

rate = (R21)*((267-T)/14)?

Rain to Ice Rate
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Exponent In Rain Fall VVelocity

_ 0.1254% -0.5
Vr - Rr P
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Validation Against Rams (schuitz 1995)

Jan 1992 Feb 1994

Fic. 9. Twelve-hour precipltation forecest produced by the RAMS
research cloud plysics algotithm for 28 February 1994, as in Fig. 5.

Faa, 10 Twelve-hour precipitation forecss prodiaced by the
NEM clowud physics algorithim, a5 in F .
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