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1. Introduction strength of updraft, anthe maxinum vertical vorticity
magnitude are very difficult to identify in such a MDA
As found by several studies (e.gBurgess 1976; method.Though the forecasters can make their warning
Burgess and Lemon 199Bunkers et al2006, 2009, the decisionsalsobased on albtheravailable information,
identification of astorm issupercell or notis very impa- the timeliness requiremersometimes limits their ability
tant to accuratand timely severe weather warning aper  to reachout toother availableriformation. Thishas led
tions. These tadies revealed that 90% or greater of s to the call for a emphasison the use of dastdata -
percells are sever@.e., tornadoes, large hails, strong similation method asthe optimalstrategy toput all

wind damags). Therefore, proper early identifitan if a  available information togethesquickly as possibléor
storm is a supercell or a supercellmbedded in storm  the decision makers

clusterswould have been critical for early warnings of In this study, we investigate theossibility to
public for potential life saving, or pperty damage — jgeniify supercellsising a thre@imensional variational
One of the important indicatisiof a sugrcell IS it 415 assimilation methofGao et al. 2004jieveloped
a mesocyclone existdraditionally, mesocyclonés a ¢, Advanced Rgional Prediction System (ARPSue
radar termdefined as the Doppler radar velycsig- ot 5| 2000, 2001, 23) at the Center for Analysis and

nature of a stormc_ale (210-km diameter) vorte>_< Prediction of Storms (ARPS 3DVAR The system is
(Burgess 1976), which corresponds to the rotating ,seq todo theanalyses based ail available informa-

updrafl downdraft couplet of a supeell thunderstorm. 4 incjuding several nearby 88D radar data, NAM 12

It is cydonic rotationaland may contain the moreni km resolution NWP products, surface ofysdiors so
tense tornado vortebn last twenty yearsseveralcrite- that supercedi can be quickly,identifiedrhis has p-

ria have been established by several National Severgantial to make best use of WSRD radar nvork and
Storm LaboratoryNSSL)scientist{Burgess et all976,  \\wp products and helpaeet the needs of the meteo

1982,1991, 1993 Stumpf et al., 199&or mesocyclone  g|qqists who have to make warning decisiofitie

recogr_1|t|on based qanlot ofDoppIer radar observation method is applied tseveral severe storms cas#s

especially after the impinentation of WSRB8D radars  aineqduring Vortex Il field operationsin summer of
Based on these criteria and other conceptual models (|2009 Our principal goal is toquantify the value of
e., Lemon and Doswell 1979he NSSL has deveped  3p\/AR data assimilation system ted-time severe
a mesocyclone dettion algorithm (MDA) that helps weather warning

meet the needs of the meteorologisho has tamake Section 2 provides an overview of tBé system

warning decisiongStumpf et al., 1998 Though with o eyperiment design. Experiment resattsassessed
great success, this method afaded to detect mes-  , soction 3. We conclude in sectiomith a summary
cylones sometime$ome shaicomings existFirst, the and outlook for future work.

method usually uses the data only from a single Doppler

radar;it may easily overlook information atained in 2 The ARPS 3DVAR and Procedure De-
othernearby 88D Doppler radars. In other words, it does  gcription

not take the full advantage of 88D radar network.

Second, the method doestnmturally combine other As introduced in the last sectiometdata assirin
available information into the system, for example, lation method useth this studyis a threedimensional,

NWP products and surface observations (In Oklahoma variationalDA system(Gao et al. 2002, 2003, 2004u

Mesonetata arevailablg. et al. 2006})hatdevelopediuring the last several years
The other hallmark characteristics of supercells, Th€ ARPS 3DVAR system, designed esplly for
such as, He depth and persistenceof the ciralation, stormscale data assimation, uses a recursive filter

(Purser et al. 2003&) with a mass continuitgquation
and other constraints that are incorporated into a cost

'Corresponding authoaddress Dr. Jidong Gao, function, yielding threalimensional analyses of the
CAPS, University of Oklahoma, 120 David Boren Blvd, Wind components and other model variablsiltiple
Norman OK 73072. Emaijdgao@ai.edu analysis passes are used that have different spatial i



fluence scales in order to arately represent interini who issue severe weather warnings.

tent convective storms, whiléadé quality control steps The above Step procedure can be performed
within the ARPS 3DVAR also are very important to every 5, or 10 minutesegendingon computational cost
improving the quality of the radial velocity andrefle and user sd needs. By crareful |y

tivity data. There is also a cloud analysis systam i tical levels,based orcomputer resourcesve hope that
cluded within theARPS 3DVAR which is not usetkre theoverallcalculation can be finished within 5 minutes.

In the currentstudy, we proposeto develop a By integrating many datasetegetherfrom different
reattime weatherdependenthazard weather analysis sourcesusing the data assimilation methadd reattime
and detectiosystem on top of this 3DVAR methdaol may ensure that the forecastdnave enoughtime to
best identify supe cells using data from WSR-88D direct their attention towards improving severe weather
radar nework andNWP product fromNCEP NAM 12 forecasts and increase the leading time on warning the
km resolution analyses and éomsts. The procedures public of the potential threat by looking at ledatasets.
are as follows. By usingall available informatiosimultaneously,

First, we start from getting 2D Convective Q- it is possible tadetermine the -® winds and other a-
look field of theNational Weather Service (NWS) from riables as accurate as possjldad the quality of ife
previous day,and find the location (longitude, latitude lectivity datacoveragealso can be greatly improved
of maximum valueof the Qutlook Then use this lac through 88D radar nevork. Currently, we only focus on
tion as the center of the analysis domain, then select th@D wind analysis and wind derived variables such as,
necessary parameters for analysimein, such as grid verticalvelocities and/ortices
points, nx, ny, nz for three directions of space, and grid
size dx, dy, dzFor our currat settings we choose 3. Some Preliminary Results
nx=ny=40Q dx=dy=1 km.Once the domain is chosen,
we also need to get the terrain data. In the vertweal,
use31 terrain-following vertical layers, with nonlinear
stretching, via a hyperbolic tangent ftioo, andthe
average weical grid size is 400 mThis step will be
done very quicklyHopefully, he domain is selected
large enoughwith sufficient coverage to otain the
principal features of interest while maintainiefficient
computational advantage. For exampldpwing the
whole system run lixeg finished within 4- 9 minutes to
keep its realtimealue

The fcondstep is to get necessary background
datg once the domain is selected. The NCEP aper
tional NAM 12 km resolution analysis and forecast
product is read imeattime setting and is interpolated
into the grid we set up in the first step in both space an
time using existing software developed within the
ARPS model

The tird step is to figure ouhow manyopem-
tional WSR88D radars witin the selected domain, ge . . . R
the recessary data imeakttime, and perform quality vertical yort|0|ty "f‘t the 3 km Ievel.|s shown n F'g.l
control, thin and interpolat¢heminto the analysis grid from ,21'(_)0 to 2240 UTC. Thg wind anaIy§|s glh|s
(this intepolationmaybe skipped in the future) Ie\{el indicates a very strormid-level cyclonlc circu-

The furth step is to do 3DVAR analysis using lation statgdfrom 2120UTC ar_1d lasted until the end of
background field obtained from step two, and the analysisThe mesocyclonérst developed near the
WSR-88Dradar dat@btained from step.Actuallyany ~ Middle level and gradually reachéue gound at 21:20
availablereattime data, such as, Oklahoma mesonet UTC and maintaineg@retty strong and deep until 22:20
data (ifthe job runs withirOklahomaStat§ can be also  UTC. The development oWER feature (though no
used within this analysis. very classic)within the syercell core wa evident

The final step is post processing, includingnide around 2120 UTC, and muchmoreclearat22:00 UTC
tifying the posiion of supercells, maximunvortices when the tornado touched dowRig 2). This storm
maximum vertical velocities and producingsome moved gradually ttheeastdirection During this period,
products that can be easily understood by the forecasters

To make sure the 3DVAR analysis produca-re
sonable results, we first apply the 3DVAR program to
several supercellases observed during the 2009 Vortex
Il field experiments. We follow the procedure described
in the last section except the first step because these
events already happed

The first case is @rnadicsupercell event that took
placeon June 05, 2008h Goshen County, Wyoming.
The tornado was graded as-EFIt touched down near
2207 UTC, and lasted about 13 minutes. The supercell
related to this tornado lasted for over 2 hours. The
Vortex Il project scientists wellocumented this event
from the beginmig to the end. But we will only use
three nearby WSRS8D radas to do our analysiskFor
his caseradar datdrom threeradarsat Cheyenne, WY

KCYC), Denver, CO (KFTQ, Rapid City SD (KUDX
are used inhe 3DVAR analysi program
The evolution of theupercellstormasindicated by
the analyzed radar reflectivithorizontal wing, and
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Fig. 1. The analyzedeflectivity, horizontal windfields and vorticityat z=3kmusingdata from
KCYS, KUDX, and KFT@adars validat (a)2100 UTC, (b)2120 UTC,(c) 2140 UTC, (d2100 UTC,
(e) 2220 UTC, and (f) 2R4UTC, June, 05 2009 near Goshen, WY

B5.

45,

35.

25

65

55

45



Fig. 2. Same as Fig. 1, but for rieal slice through the maximum vertical velocity.



