WRF SIMULATIONS OF THE NOVEMBER 11, 2003 AIRS Il FIELD
EXPERIMENT.

William D. Hall, P. R. Field,Roy M.

Rasmussergnd Gregoy Thompson

National Centerfor AtmosphericReseect¥, Boulder,Coladado

1 Intro duction

There has beena considerableamount of reseach on
the modeling of micro-physicalprocesseghat lead to
the formation of precipitation within meso-scaleand
cloud-scaledynamicalmodels. This reseach hasbeen
concernedvith manytime and spatial scalesand phys-
ical mechanisms.While the most generaltheme often
is to understandthe role of natural and anthropogenic
aerosoln precipitationformation, other purposessuch
as the prediction of speci ¢ physicalphenomenasuch
as rain, snov, and hail on the ground, aircraft icing
conditionsaloft, and precipitation enhancemenpoten-
tial remainimportant goals. During the last few yeas
severalwintertime eld studieshave provided compre-
hensivedata setsthat can use usedto validate meso-
scaleforecast models and the micro-physicalparame-
terizations. This paper present preliminay results of
the meso-scalenodel simulationsof the AIRS2Novem-
ber 11, 2003 eld experiment using the nested WRF-
ARW model and including the micro-physicalparame-
terization of Thompsonet. al. (2004). The present
micro-physicalparameterization schemehas been de-
signedto representthe majar physical processcha-
acteristics of precipitation developmentin wintertime
mid-latitude storms with the particular emphasison the
problemof predicting freezingdrizzle events.

2 Model Description and Set-Up

The presentdynamicalframework is the non-hydrostatic
Weather Reseech and Forecast Model (WRF),
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(WRF,2003). Initial and time dependentlateral bound-
ary conditionsare createdby the WRF-ARW Standad
Initialization program (Sl) usingthe NCEP ETA maodel
GriB 3 hourly output. The model domainincludes3 in-
teractive grids of harizontal resolutionsof 27, 9, and 3
km with grid points (x,y,z) (106,106,82),(181,181,82),
and (181,181,82)centeredover the observationalarea
between Ottawa Ontario and Montreal Quekec. This
model con guration allows for the simultaneousinves-
tigation of the larger scalestorm systemand also to
focuson the smallerscalephysicalprocessesand storm
structuresthat can be directly compaed with the in-
situ observations.The three nesteddomain grids were
initialized at 00Z Novemter. 11, 2003 and run for 24
hourswith the period of interestbeingfrom 16Zto 24Z.
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Onthis day between19UTC and23 UTC a NW-SEori-
ented precipitation cloud band movedthrough the eld
study area. This band was assaiated with warm air
advectionahead of a developingsurfacelow pressure
systemover Wisconsin. Figures1 through 4 present
a series1l.0 KM CAPII rada imagesfrom the McGill
rada site from 18 UTC to 21 UTC asthe storm moved
into the observationabrea. Shavn in gure 5 is a data
time seriesplots from the NCAR C-130taken along a
eastwestline centeredoverthe Mirabel Ontario airport
(YMX). The ight legswere taken alongthe solid line
in gures 6 through 7. Figure5 revealsa weekinversion
just below 4 KM with anassaiatedseconday liquid wa-
ter maximaandthe predominateprecipitation changing
from snow to drizzleat altitudes1 KM to 4 KM during



this period. At 19:30 UTC the PMS-2DC probe sav
mostly snav between1 and 5 KM altitude levelsand
by 22:30the probe saw predominatelyfreezingdrizzle
between1 and 2 KM.

4 Model Simulation Results

The model output was matchedto the rada by over
plotting the rada rangecircles. WRF model simulation
resultsfrom the ne grid (3 KM resolution) harizontal
plots at 1.08 KM of the rain, and snowv at 20:00UTC
are shovn in gures 6 and 7. A seconday band that
appeas to the eastof the main band in the rada did
not appea in the simulation. Figures8 through 11 show
vertical cross-sectionsf model resultsat 20:00UTC as
the main cloud systempasse®verthe observatiorarea.
In the plots of cloud water, rain or drizzle water and
shav alsocontain plots of temperature(red) and equiv-
alent potential temperature (black). The cloud system
is causedby risingwarm air being forced over colderair
within the warm frontal system. The equivalentpoten-
tial temperatureillustrateshow the warm air advection
is causingthe vertical motion within the cloud system.
Thesecross-sectiongblots depicthow the cloud system
changingfrom predominatesnow to rain (drizzle) at the
Mirabel location in time. Note the simulatedcloud wa-
ter eld hasa secondey maximanea 4 KM nea the

frontal inversionas seenby the aircraft observations.

Severahvailablewarm rain parameterizationdhavebeen
testedwith the currentmodel framework. Not all of the
parameterizationsproduced freezingdrizzle. The talk
will focus on why someof the micro-physicalparame-
terizationswere successfulind other were not and the
importance of the backgroundaerosolassumptionsto
the model solution.

5 Future Work

Further data analysisfrom the AIRS 2 eld project are
in progressfrom other aircraft platforms that collected
data on this day.

It is the goal of this work to examinethe suitability of
usingexplicit bulk parameterizationschemego predict
the chaacteristics of precipitation that lead to freez-

ing drizzle eventsin wintertime mid-latitude storms.

Work continuesto test the hierachy of bulk micro-
physicalschemedor caseswhere veri cation observa-
tional data are available.Further testing and modi ca-

tions of the various spectral distribution functions that

representeachcloud physical eld are planed.
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Figure1l: McGill Rada CAPPI1 KM at 18 UTC. Figure2: McGill Rada CAPPI1 KM at 19 UTC.

Figure 3: McGill Rada CAPPI1 KM at 20 UTC. Figure4: McGill Rada CAPPI1 KM at 21 UTC.
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Figure5: Plots of temperature, liquid water content, ice water content, and chaacteristicice sizeas seenby the
PMS-2DCprobe from data collectedby the NCAR C-130 ying overthe observationabreabetween19 UTC and
23 UTC.



Figure 6: Rain and Drizzle at 1.08 KM at 20:00

Figure7: SNOW at 1.08 KM at 20:00UTC.
UTC.



Figure 8: Cross-sectionof Cloud water at 20:00 Figure 9: Cross-sectiorof Rain and Drizzle water
uTC at 20:00UTC.

Figure 10: Cross-sectiorof Snowv at 20:00UTC.



