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1, INTROIXKIION

Both the formation mochankm and etrrctum of tmnbs are not yet well unkstod. lb

Doppler radar is probably the best rcnmtc-sensing instrument at present fm dcremdxdng the
wind field in tomukm. Although much has been learned about the non-wpcmell tornado
from relatively close range using Doppler radars at ficd sitm (Brady and $mke 1989;
Robem and W1.lson1989; Wakjjzmto and Wilson 1989; Wi.lmn and Rob 1990), close-
rtmge measurements in supcrcell tornadoes arc relatively few (Zrdc and 120viak 1975;
hic m al,1977; i?micandI.stok1980; Zdc et al. 1985),

Bluestein and Un,ruh (1989) have sknvn how a portable Doppler radar can increase

significantly the number of high-resolution, sutxloud base measurcm.cnts of bo!h the

tornado vomt and its parent votle.x in supcrcclls, with simultaneous ti documentation.
The design details and operation of the CW/’Fh4-CW Doppler ~* (Smucfl 1976)
developed at the Los Alamos Nadonal IAoratory (lANL) and used by atonn-inxercept

teams at the TJniv,of Odahoma (C)U) am &criM in Umuh et al. (1989), Blucstcin and
Unmh (1989), and BluesA.n swd Unruh (1990), The radar trantmduj 1 W at 3 cm , and
can be switched back and forth between CW and FM-CW @es. ID the FM-CW mock

the sweep rcpeddon frequency !S 1S,575 k.llz and the sweep width 1,9 MHz; the

mrrcsponding maximum unambiguous range and velocity, nnd tange xwolution are 5 km,

+/- 115 m s“1, and 7$ m reqwthdy. Tho bisratic antennas, which have half-power

Ixamwldrhs of S“, an easily pohtod with the aid of a bcrmlght, CW tits am recoded on
mm audio mpo, while video is recorded on a boreuighted VCR. FM-C%’ d&tAaw
recurded cm the VCR, while voice documentadon is recdcd on the audio tape; video is
recorded on mother VCR, The radar and antemm uc easily mounted on a tripd, and can
be SetUp by ~ ~plc h &Zlinutc m twO,

The purpose of this p~pm k to dewribe the II@mlprucwdng tochrdquu usd to dote!mine

the Dogqkr spectrum in dx FM-CW mode and n method of its inta~tdon in red time,

and to present datn gnt.krcd in a Iornadlcatom in 1990.



2. FM-cw SIGNAL PROCESSINC3

The dme series of data am recorded in analog form cm videotape, with each line
repremndng kth one Bw~ of i.!fcVCR and one fhll sweep in frequency of the radar, In
dtie~etimm mdtimatim~, red-g Mghtdtib&. The
~ge of the targets is inversely proportional to the spadng between the bands, and the

@get speeds arc propordonal to the alopc of the ban~ the direction of motion is given by
the sign of the slope, More complex wind fields appear as cross=hatchcd lines. FU.nge
folding ii manifest as an abmpt change in the slope of the lines. h is important when

opemdrq the rw%rto make sure that the picture at the scmn la not tom up: this indicates
that the aigrud is overloaded and chedata unusable, Too X a signal is Mcated by a lack
of MI well-defined lines on the ameen.

(
The gain of the radar is easily set by a

pCJLmA~r,

Each of 128 consecutive ii.ncskm a video ti (there arc S12 interlaced li.na per frame,
in addition to some “bookecping” lines) are digitized into 128 data points, Although a

high-pass 11.ltcris applhui by the radar to attenuate ground chJtteT(Wind apccds lcM tbM 3

rns ‘] r ~ significantly fi.harett our), the resulting dme wries of16384 &ta points is then
fd~ further by computing the average time bee for the series of lines, md subtracting
it frcnn each Une to obmin a prturbath time series.

The ~mturbadon dme series is range noxmal.ized, muldpl.ted by a Harming filter, and
subjacmd to a discnw. fast Fourier m.nsform, The spectnun of the radial-wind component

within each of 64 713-mran~ bi.m Bppeanas a caries of 128 data points, with the first of

each, 64th, and 128th representing -11S m s“l, Om E=],and +115 m S-l, md so on, Data
arc not available from the flzst 39 m and fhxn the lad 39 m,

We vmifled that the radar was -g propurly In FM-CW mcxie by compudng the spectra

of our cha$e VW-Irnml.ng a: a constant speed away from and towwd thGradar, and noting

the distance travdlal bjI the van.

S, RESULTS: THH SPRAWL4N, TEXAS STORM OF 31 MAY 1990

The lsrgost of the tolmndoes was in Its mature ftage when we were cardng up the rmhu

(Fig. 1). ‘i%: cntim cloud shove, which e~tendad up to the baseof the storm’s anvil, WM
rotatin~ cyclonicdly am! moving toward LIB- west to cast; the sma to the right (ncmh)
WLSrelatively trantlucen~ like in the typical low-precipitation (LP) supurcall that occurs
akm~ the @UrIe (Bluestdn and Woodall, 1990),
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The CW spctrwn of the tornado several rnin after the tie of Fig. 1 is shown in Fig. 2;
the spectrum is valid for an area centered on the tornado, We estimated the width of the
tornado photogrammetricslly m be abouI 24M-3C)0m in dinmet~, the radar cross section
was drnatec! to be sliglwly under XX.)m. The spectrum shown is the average of 4 specaa
taken over a 0.5 ● 1 s period The highest wind speeds mea,s~ which are indicated

whoii the spccmurn enters the noise level, are about +/-90 m s-1. These wind speeds are
consistent with the independent estimate of the NW ~ational Weather SeA&) of F3
damage. Spectra of the area centcad to the left and rightof tk tamado arc shown in Figs.
3 and 4. The spectra are skewed toward thr approaching side to the left, and toword the

receding side to the righ~ as one would expect, l%e spears shown in F!gs. 3 and 4

suggest a parent vortex having wind speeds of approximately 30-40 m c-l and a tornado

havbgtinds~ =tifins80-Wms-1,

Figs. 5s und b show the FM-C3V spectra for the NtiS of the rotadng wall cloud !iom

which the tornado was pendant earlier at longar range. l%e radar was polntod upward VM

an elevation an@e of nearly 4S0. Radar return from the wall cloud is evident from
!L~%iEl@y 2,3 km to 3&m range; thll$ the width of the wd] chd WSSa~ximtdy

700 m. Wind speeds indicated were s’: about -35 zns-l. This is consistent with the big
blast km tie muthwest wc felt as the .wU clcmdpassed over us and d-cm hail fell on us.

The ~ntegrated FM-(2W rpecmtn for the wall cloud dcmibd above is Bhownin Fig, 6, It
hi to bc CIxnpti with the CW spectrum shown in Fig. 7. Differences in the two may be
attributed in pan 10slighdy diffucnt times and viewing angles, and to porns!bk problems

with the data or daza processing procedure, The peaks of the rwm apcctra differ by

approxhmdy 5 m E=im

4, FUTURE WORK

In order to improve upon L5Ccffoctive rutge of the rack, the dat~ should be Fourier

analyzed b~ore they arc recurdad to make full use of the 70 db dynamic mnga Gf the

mdm, mtly the data arc rworded wldt ● dynamic rangeof 3(H2 db; the collection of
FM-(7W data u lung dhtanccu when ground clutter 1s dgniflcant is thertfore scriowly
Mted, The solution to this pmblcm ta a “mnrt” prc-pmessor which can chcmse the the

int.cmal uvcx which the pcrturMtion time wrks {5cd.mctad.

We plan to test out a p-table C?W35 GHz radax(l%sqtmluccl et al. 1983; Hobbs et al,
!983) duAn8 the sptlng of 1991 to me If we can improve upon smsit!vlty when cloud
droplets andno preclpltadon-k.ed purtlcks arc present,
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Fig. I: photograph of a tornado east ofSpearman, Texu at 1909 CDT, lookiqj toward

the west fhom 2 mi west of Highway 70, on FM 7S9. (photograph by Howard B.
Blues@in)

Fig, 2: CW spectrumof the tornado shown in Fig, 2, several ndn later. Cki.lnate Is tk

relative spectral&nsliy piotted Iogarithrnlcally, The noise level is indicated ~ a hmizonial
line; the linearspectral dropoff (wldch ISexponential with respect to a linear ordinate) is
buiicoted by a s(op[~ solid Iirw,

Fig. 3: As in Fig 2, but for the J@ dde of the tornado, and fewer spectra have been
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averaged.

Fig.4: As hi Fig. 3, butjbr the ?’@ M? @the tvmtub.

Fig, 5: FM-(XV spectra of thewall cloud associated with the storm that had
approximately10-20 ndnearlkrprodked thetornadoshown inFig,lploticm aufwtction
ofrmgeiweq78 mbetween(a)19S0 mand2496m and (b)2574and 3120 m. The
ordinate is relative specwul &@ypkXtedon a logarithmic scale.

Fig. 6.JIntegrated relative spectml &@y (logarithmic ordinate) as a~utction ofDoppler
vt?loci~for the wall cloud disc~sed in Fig. 5.

Fig. 7: CW relative spectral density (logarithmic ordinate) as a j%tction @Doppler
velocity for the wall cloud discumed {nFig, 5,
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