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Research Questions Delimitation ot hydrometeor regions Model Simulations
L IIIIIIIII ERRARES o T Hor. Crystals (plates, dendrites) o 0 c * L2 c :
e Based on dua[-polarization radar data, is there evidence of T3y 4__ \0/ ggg.dcr:i:;f:)als(P tes, < __—_—_ z?;jpgeglregates  Simulations pr(?dUCe the S'lgn'lf'lcant m]d'lake, lak.e'effeCt snow band '!n
significant cloud liquid water in an early season lake-effect snow e LN } P \ 17 northwest Ipdlgna, as well as antecedent wind-parallel bands in
band? R = N : southwest Michigan.
. . o . £l 2 ; ° 1 1 1 1 1
. Using the WRF modeling system, do common cloud microphysical ) T Q- ’ Most microphysical schemes produce cloud liquid water, snow, and ice.
schemes produce the observed liquid water, ice and snow? o M e 2 | 18 Nov 2008 « The lake-effect simulation is only slightly sensitive to the microphysics
. . . . . 20.0 I y i_——a_\in IDr regates, _E_ s " [ 7 T 1 1 1 1
* Do numerical simulations depend strongly on the cloud microphysical ok & | iRain OVARese gl :\ig 5(;’ parameterization, so long as the scheme includes mixed phase
scheme? What role do boundary layer (BL) schemes play? ; ' 2GSRI S
. In general, does the WRF simulate this early season case well? B . i . Slmulatlon§ were not very sensitive to the selected boundary layer
_/7\ e W _ parameterization.
’ © e ¥ * * Not all aspects of a land-breeze circulation are present with this mid-
Fig. 4: Distribution of radar points in Z-Zdr lake band, perhaps due to the event evolution and duration.
Fig. 3: Radar reflectivity (Z) from KVAL at 0733 UTC 18 Nov. 2008 space from KVAL at 0733 UTC 18 Nov. 2008
A 7 zogmg 0600 UTC MSLP TMPF | ” B — AHGWSIS 05 UTC New 18 2008 A %‘%g}%i"éfgg;ﬁge(h(PF;) B Max Reflectivity (dBZ)
| [ . Radar AnalySIS a7°N 25 i" Wi o ji ' ;‘ Grid—Scale Accumulated Snowfall (cm)
Ili * KVAL perfectly captured the band of lake effect snow. This band was W A g on I:
— 11 rer 4 -
A=) centered over the radar around 0730 UTC. {g L |
= Distribyti : . L : : s 9 =
A=t  Distribution of radar points in Z-Zdr space indicates a maximum with uylv =
— . . . oy o . aaen —) SIS ST r U ,§ L 44°N — "
) relatively high Zh and slightly positive Zdr, most likely due to the presence of Wely } e
. both dry aggregates and graupel. The substantial number of points with high e .
» Zdr and low Zh indicate the presence of flat, horizontally aligned ice : . )
ke crystals, such as plates and dendrites. | » =
g —> s00 _  The hydrometeor classification algorithm identified ice crystals as the most TR Reaas LN e )
prevalent hydrometeor at all altitudes. Below 1 km a significant number of S TSRS OGB4 oW O roflfctiny GEY W W
500 hPa Analysis 06 UTC Nov 18 2008 : : Y - T T CEET T e — e s 40 45 50 e
points were identified as graupel and rain (mostly small drops). T e e
- . : 3 Qs : : Fig. 7: WRF simulation with Goddard microphysics and MYJ boundary layer options:
Iw The PIESENES of rain and graupel (by deflmtmp 2 I’]rT.]ed. part]de,) (a) 06 UTC surface analysis, (b) simulated radar reflectivity, (c) and event-accumulated snowfall
- suggested by the radar data, supports the hypothesis that liquid water is
EN present in the lower levels. A B C
/ ;;ﬂ . FOI‘ future eventS, more deta]led m_lcrophys_lcal ]nfOrmatlon frOm our W—lE Clrossl—SeT:tionl of lSno*ulnuf Mi};{iﬂg lRQtilo (ng/kgl) Wl—E l()rosls—STactioln ofl IcelMixilng chjti'ol (kgl/kg)l W—lE Clrossl—Se::tionl of |C|OU|d MiiinglRatilo (klg/kt_lz])
- recently installed disdrometer, will measure precipitation size, fall speeds, Ny I | 1
- and identify precipitation type. B | G ]
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S : : = L Il Fig. 8: W-E cross section of 10 UTC cloud properties, integrated with latitude across the lake for:
] 128-2.12 * Nested domain 12 km outer domain T 1 (a) snow mixing ratio, (b) ice mixing ratio, and (c) cloud water mixing ratio.
L] 212-3.49 . 5 . — i
45575 with 4 km inner domain 11 — e
Bl 5.75-9.49 - g Snow (kg/kg)  Ice (kg/kg)  Cloud Water (kg/kg) Precipitation (cm) Snow (cm) Graupel (cm)
Bl 9.49-15.64 P PR B ) Goddard 4.7 0.07 0.29 Goddard 38.2 35.1 1.5
— e * GFS Initial/Boundary Conditions i ] . 0s 001 015 i . " 4o
= e o : : F i WSM5 2.4 0.67 0.03 WSM5 43.9 42.6
In cm * Mlcrophy51cal Schemes L 1 Ferrier 2.4 - 0.21 Ferrier 39.5 = -
o L]n, Ferr]er, Goddard, M]lbrandt, i i Milbrandt 1.2 0.02 0.89 Milbr_andt 36.2 12.0 23.7
: 0 . . . . Morrison 2.4 0.02 0.63 Morrison 34.3 - -
MO 'rison y NSS LZM, NSS LZMCCN y rain araupel wet dry ice SBUyLin 4.1 0.01 0.34 SBUyL.in 42.4 -
D . SNOW snow crystals WDMS5 2 4 0.58 0.03 WDMS5 37.6 36.6 _
Data Provided by Professor Craig Clark . . . . . . .
Dechmber8, 2011 Ry Bosky AMey Sy Thompson’ SBUyLm’ WSM5 ) WDM5 ) Fig. 5: Hydrometer counts for rain, graupel, wet snow, dry WDM6 20 0.55 0.03 WDM6 38.6 34.4 3.9
Fig. 2: Map of regional snowfall (cm) 16-18 Nov. 2008. WDM6 snow, and ice crystals from KVAL at 0733 UTC 18 Nov. 2008 NSSL2M 0.9 0.06 0.55 NSSL2M 30.6 17.3 12.3
The broad regional pattern occurs due to the PBL Sch NSSL2MCCN 0.8 0.03 0.52 NSSL2MCCN  30.2 13.6 155
combination of the earlier snow in southwest e chemes . : :
Michigan/north central Indiana and later snowfall in Table 1. Domain 2 integrated 10 UTC Nov 18 Table 2. Domain 2 average grid-scale
nortFerecalnciana * MYJ, MYN Nz) YSU hydrometeor mixing ratios. precipitation for 48 hour simulation.

Conclusions

» Analysis of radar data indicates the presence of liquid water, as well as graupel and snow.

The Test Case

« Event began with widespread wind-parallel bands in
southwest Michigan on 17 November.

« WRF simulations with mixed phase microphysical schemes indicate widely varying distributions of
snow, ice, and liquid water mixing ratios.

 With northerly flow overnight, morphology changed to a
short-lived mid-lake band overnight.

« Lake-effect morphology and placement are not very sensitive to microphysical scheme and
differences in hydrometeor characteristics.

« Maximum snowfall exceeded 16 cm in northwest Indiana.

* Mesocale circulation and BL growth are not very sensitive to microphysical schemes.
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the United States Government. Fig. 6: Regional radar reflectivity throughout the event at (a) 0100, (b) 0600, and sensitive to microphysical details.
(c) 1000 UTC on 18 Nov. 2008




