Structure of a winter precipitation
system as seen by satellite, ground-
based radar, and a WRF simulation

--- with an emphasis on model microphysics comparison
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Objective

Use active and passive microwave measurement

to study winter precipitation system
to validate model simulations with different microphysics schemes
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INntroduction --- How to validate the simulations?

Observations Simulations

(TRMM 1T1T no sufficient coverage)

WRF model
Mass: Qi, Qc, Qs, Qg, Qr

AMSR-E Radiometer Number con.: Ni, Nc, Ns é
Tb, PCT PSD, M-D, and densities

(sensitive to: precip. s peci es,

Forward radiative model
PSD assumpt.i

A ground-based Radar
Reflectivity, Doppler Vel.

(sensitive to: precip. s peci es,

Scheme 1 Scheme 2 Scheme 3
Simulated Simulated Simulated

Tb, Reflectivity, Tb, Reflectivity, Tb, Reflectivity,
Vel. Vel. Vel.




Simulations

Description of Simulations

WRF ARW V3.1
4 nested domain (1.3, 4, 12, 36 km horizontal resolution, 52 vertical
levels, 48 hours integration, output at every 5 min.)
4 microphysics schemes
WSM6 (Hong and Lim 2006)
Goddard (Tao et al. 1989, Tao and Simpson 1993)
Thompson (Thompson et al. 2008)
Morrison (Morrison et al. 2009)

Forward models
Goddard Satellite Data Si mul ator
Customized reflectivity calculation for each scheme

Customized doppler velocity calculation for WSM6 and GODD
schemes



Simulations

Description of Microphysics Schemes

Bulk scheme (predict mixing ratio and/or number concentration of cloud
ice, cloud lig., snow, graupel, rain)

A Particle Size Distribution (PSD):
A Mass-diameter (M-D) relationship:
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Simulations

Hydrometeor Vertical Profile
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Comparisons

Observed and simulated PCT89
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Comparisons

Partltlonmg simulated PCT89

S n ognaupels

SNOW GRAUPEL
—124 123 —122 =121 —120 —119 118 —124 —123 —122 —121 —120 =119 —11
e ¥ ) 300 : ; i g ;
N B R e dad fs
L3 « ,5’ Ok 280
2 1 (2 260
! GODD 8 - L N 240
®) Q e N R : %
. ) i Y 220
Snow contribute moy %
dominant mass of snow | - 2 . I
g g.‘ .773.6.'..»..' , ....... 3730

—124 —123 —122 —121

—124 123 —122 121 —120 —119 118

WSM6

Graupelc ontri bute mor 31T B (722
graupel is more efficient in bt N N o0
scattering (“;’) N | ’ Lm

; 220

MORR

Snow contribute mo
dominant mass of snow

—12{5 119 —118

—124 —123 — 122 —121 -120 118 —I1 =124 123 -122 -121

B TR oy ER T PRI TS « © EEEEE |

—124 —123 122 -121 120 -119 -118 —124 123 122 121 120 -119 118




Comparisons

Observed and simulated reflectivity

T1 At Alta, CA, time 1T height plot, 31 Decemb

S- prof
Melting band and front 7 ATA ]

s bservation | “°
passage = ]
Rai n ( ZjBZ),T 45 g’ oo : Melting_; ;
snow (< 30 dBZ2) 2 TR 11 r%“t‘ band

I J -20

0 3 6 9 12 15 18 21 0

Time (hour, 20051231)

4 simulations
Melting band ?

Front passage is
captured

(km, MSL)

Reflectivity magnitude

-
(%))
GODD and WSM6: rain =
layer is OK, too strongin £
snow layer =
=2
THOM 11 compagr
Obs. 5

MORR is too strong in
both snow and rain

a Iaygrs Time (hour, 20051231)




