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1 INTRODLICTION

li~[l~ i! known WmrI the Mnd field in tom&d~$ nem ~fe
gmufid, Photo~ammetslc analyds (Golden Lad %x]]
19 /7, i 9“/8; ~tick~r 19M) cf tom~dlc debris clouds dots
no[ reveal [he internal strucu.uc3fr.heLOmAdOVOROX.
Es[imates of wind spcods baucd on damage ana,ly~is of[en
con[rsin large unce~intie~ (DoIwell and Burgess1986).
Lircc[mcamrcments made by an Instmmcm placed in the

pati of a tornado are exucmely d.lfflcult to obrahr (Bluestein
19s3a; Blucsmln 1983b; Burgesset ISI,198J), Several
measurements of Iomadlc wind flcldsnew cloud-ba:e level
llava been made when suparcell Iomadcw have formed on

i’arc OCCAB~Otlnear k NatiOna,J Severe Srmm bborato~’s
Dappler r~da,r (Zmic and J)ovkk 197$ Zm!c et al, 1977:
Zrnic and ]stok 1980 Zmlc et al, 1985). Measur?mcn!t of
lhc vind field lx/ow cloud base have b~n made In non.
supcrcell Iomarks in Coinrodo (ROIXRS and Wilson 1989;
Wukimoto and Manner 199!2; WskimoIo and Wl]60n 1989).

Lir[;e IS &lso ~own a~UI how l~msdoes fo~ ~i[hln !hc

rncsocyclonc of A superccll thundersto~, AiIhoLgh i: is

xlmed L?aISolorwldd!y genersd horizomal vomiciry along
the forward flank downdraft Is tilted and scrclchcd under [he
,muin updrafl to incrcnsc vonlchy at r.he$urftce (Klemp imd
Rotunno 1983), II (s no! known how rhc $mnllcr.scale
lornadcr fo~j, Acrunl rneAsuramenls~f shc !ubcloud ba!e
wind field ~nd sheraladonship bawecn the wind tleld and

sukr+Iofm scale features such M Ihc wa’1 cloud, uil cloud,
and !mlnar inflow onnd$ are lacklng,

The purpo!e of this paper ISIO reporI on our progress usIn#
a por~b; e, 1 W’, FM frequency modulated).CW
(:onlndous wave) Dcpplcr radar developed at L$CLcs
Alamos Nafionsl laboratory (LANLj, to mdrc

mcasurcmcnls of[hc wind field in tornadoes and wnl] clouds

~long with llmul[Armous vi.su&l dcrcumenrstlon, Ratulls
using n Cw ersion ofthc rAda.rIn 1987. 1’.188we given in
RluesKIn ar,d L’nruh (1989),

2 METHODOLOGY

Our fkld experiment.s won held durlr,g Aptil,May,and
June In 1989 And 1990, Our chate vehicles were wns
cqlng four to .!!sscrew memlmm, In nddldon 10tie radar,
we a]so curltx! along I buomotcr, A payohromeler, video
csimert recorders, oonvondorml photo~phlc qu~pmenf, ml
a ponabla radloaonda urdI (BIues[eln e! al, 1988), So,ldcr
were relemd wheil pmdble to obmln lhcmwlymarrdc
soundlnfa In Ihe ltormt’ anvlronrnarw

Wesley P, LJnruh

hkchaniml and Electronic

Engincc,ing Division
Los Alamos Na[icmnl Latmra[oq’
Los AlanIns, New Ilex!co 97545

The radar WSKmodified ro have i%l.CW capabilhy prior ro
[he 19S9 season, Tlc thcowof tie FM.uW radar and !M
signal prc=xssing is dcmk-d III Srrauch (19761 ~C rnd~
sends out a cominuous signal, whom frequency is swept
Iincarly upwad and met, pdricdlc~ly. ~c sweep repz!ilion
!lcqucncy ( 1557S kHz) of he LAM radar, which opemles
aI 3 cm, it conbdled by thasweeprcpetiaon frequency of a
VCR, which rrxords the dsua, The awecp repetition

frquency of m FM-CWrad~ is usalogousto the pulse-
rcpctidon l%ccjuencyof A pukd Doppler radar, For the
nforemmdoncd parameters and a ~weep width of 1.9 MHz,
rhc maximum unambiguous ramge of theradari~5 km;the
maximum un&mbiguou$ velochy is +/- 115 m/s; lhe mgc
resolu[lon is 78 m. Since the hs.If-pwer beamwld[h of IPie
an[ennas Is 5 deg. tie resolu[lon volume a; 2,5 km is 21S m
X218m X7Em

The rndsr can be mounml on it~ tripcd by two crew
m:mlxr$ and net up for fiperation in stvcrnl tinules, The
rad~’s umbilical cord IS connected to bal(crica and [o the
video and tudio recorders hcwsca in a cnmying care, which

can be rransportcd by two crew members (Fig, 1), The

brlghmcs$ of Ihc video camera image mus! tx adjusted
mm.mlly The lCVC1of tie CW signal Is monitored on dw
nudlo recorder and sdjustcd manually on he EM% unit, the
Rudio rccordcr’s dyn~mic range in M least @ db, while [he
r~dar’s dynamic range Is 70 db, In the FM-CW mcdc Ihc
signal quality is mofiltored on the vldco screen The
dyrmnlc rnnge of the VCR is only 3%40 db Overloaded
signals a~pea.ras unsynchronized, !om-up Itmklng finmcs

Consldcrable quslimtive irifomadon can be ob~ined MJm
visu~ em.rrrina[lon of vldco framo~, “Uwd ‘ slgnak MppCU
aYdl:cd line: The mngc ofshc Luget It lnvtr~cly

propmions.1 to the spacing kwcen llnes; ha velwiry O([EIc
Iargct la given by the alopc and tense of till ~f [he Une$.
Target wolumos In which there Is complex wind m-ucrure
appear M crlir.cmssd halchad linen RenMe folding
appcim M asl abmp: chnngc In the dope of [he lines
Fu~.her lntcrpretarlon of [he video plcrure will k givm
alsewhcre,

T% FM.CW rad~dm (ie., the video dgmls rcsulIing
from mlalng Ihe ummlnu! FM.CW sigml wl[h fhe
backs: tnerd algrd) ue recnrrlad on vidowape, md voice
daumentadon Is mcordsd on Audio IAIM and on the audio
chmrels of Iha vldooupe When tic rati opmms ir. [he
CW mode, Actual bore. a!gb\ed vldco of the clrrud feaIUWI
nnd lomAdo m’a recorded on video tape, whllc rallar LIB!I u?

reoordad OrI the stereo audio mm anrl nn lhc atrwn SIIAIn
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liu!u 1; Slgnulcsnt Data acts

Da& ApprmdrnatoLocadon

13 May 1989 Hodges, Texas
14 May 1989 Coahorns, Texas

6 June 1989 Floydada, Texas
23 April1990 Turkey,Texas
24April 1990 Mcbatt, ‘kxa$
24April1990 Kelton,Texas
1SMay 1990 Cttlurrtet,Oklahoma
29 May 1990 OldC310ry,Texas
31 MaY1990 SucmnM, Texas
15 Jurk 1

Rd(ltll

Elgh

i

o ~ebenth~, Kansas

SpectralOenslly

7, 1024Points

I
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Event Comments

tornado dasacontminatcd
wallcloud datacontminatcd
wallcloud
Wdj cloud weak signal

wall cloud,funnel cltmd
wall cloud
Wid] cloud
Wld cloud
tornado,wall cloud
w8,1Jcloud,funnelcloud

Fl~, 2: Marive spectral dmdry ar aj%nction of
Doppler veloclq in a wa.11.cloud nssociaed with an
occluied mesQtycIGM on 6 June 1989 h Floydo&,
Texus; for ran&a bht berwen 3,8 km and 4,4 km awry
from t)u radar, lookftq cowardr the wall claui. In t)ds
uxat@ the mmtllow is twvar& tht radcr a speeds o!
(V@ lo td$ or k. ~p {S th4 2ff?o+6kc@ point, A
wnodo M dissipated etvliw in a previous wall cloud.
Wt are lookingatjlow fmm t)u rarflank dowtuir~
around lb circulation,

-r

IdIi? m-‘i ‘7+]L~—----
cIIO m/tee z~p+100mhec

‘ was 22 km long snd M wide au 1,6 km (Steven (hopar,

NWS,Amsrllk, Toxin,personalcommunication), We wan
dtuawxiwlthln10km fromthetornado,andmay have to

: correct for mngo.foldedveloolthsin theFM.(2’Wmcdo. We
[madeRhastyotlt fbm ouskadort whenthe wdl cloudof
the occludsd m.mcyckme cam almost overheadandd-cm
dl~.metar ksil be#M IU full,

There were a numbar of data SW that we fdkd to CCJIOC4
but crime close to collecting, On 6 June 1989weasrlvedIII
Pkirwkw, Ikxas Qppmtlma!tlylGI!I tsdnutostoo lateto
recorddataons mm-adothatweobmved dls$lpadrqjhowl
ofus, Weanemptedto gdtcr dataona tornado#outhof
Caiutnet,(ldahoms on 15M@y1990,butthotornadohad
llfied hv th~ !I** WA●AI ,,- ,L- -A.. n. *Z s,... *MA . .

I
(

(

I

attempted tocollootdataonmfunnelcloudrtorthwwtofEl
Reno, Oklakna and on A tomsdonowHinton,Oklahoma;it
beganto* Ottbothof theseeccaafonsMsoonaaweset

-I+%qyohd”movemmou ‘
uptherasbr,andcon
po=~e W. sou Wand ew reapfdwly, of
thestorms,On31 My 1590weobserveds tornadomoving,
though @arman, Toxaa(Ms tornadoformed in a storm
whichfamed aftertheonewhichhad producodthoP3 I
rondo); by thetimewe$otclw enough10setUPthe
molar, the tornado haddiaslpml.

I
4, SUMMARY

In 1989w. hadcUflfculdmgetdngenoughoxperlencawith
theratk, owingto amldvely lownumlxrof ‘mtadw In
Oklahoma+ourhomebaseof opeswdona,Aproblomwhh
the radar hardware wsa identifbd Andcormctad,W. dld
obtainngoodws.11cdouddatasotwhichallowed u: IO
experimnt with the ptwosalngof I rwdF?vKWdat~WI.

Irr1990weobtahwd a number of walJ cloud datt W* ml n
tornado dam W, Rmdta M forrhmtnlng,

Bm$ onour axporktcot we tugictl thatthefollowing
modhdons to therack syatcmmd toOUImethodor
opomdwtsbemade:

t, Tht ourrammtxlmuruunrmIbkuQusrange of 5 km It
~a bh Iooreatricdve,‘Ilmsystornshod-dbe mcdlfkd10thata
Ikmgertnaxlmluxtunambkuousmnue,Mthecxoenscof the
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~tornadoisgrcaterthanSkmaway,

b, Anautomaticexpoure vitieocamerashouidbe
; substitutedfor the current manudl.exposIurocamera, We
IfoundIt difficult and toodateconsuming M ax@Jl the

I ewo$w e$ptiitdlyin brightlight

c. Automaticgai%controlsshouldbe usedin thevlda
andaud.lorecorderstomskeit easierforus toprcvcrst
overloading the recorded$Ignal,It Ismm importantto

, obtain highqudity rcktivc reflectivity rhstuthan m obtain
absolute rcflecfivity data

d20~~g&p.qntdons should be more mobile, BY
restricting ourselvestnddy to Oklahoma and nwsrbymg;ons

wemissedout onseveraloppommirieato ~ollea&us
elsewhere, 1

e. Consideration should be given to processing the
Doppler spcctaain rti tire;, ~d recordhgthespccuarather
thantie acrualrawsignal,Thiswouldallowus torealizethe1
fullbcneflt of lho wide dynamicmngcof the radar, which is
neccstsasy in theface of ground clurter,
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