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1 INTRODUCTION

Liule 18 known about the wind fleld in tomadoes near the
ground. Photogrammetric analysis (Golden and Purcell
1977, 1978; Hoacker 1960) of tornadic debris clouds does
not reveal the internal structure of the omado vonex.
Estimates of wind speeds based on damage analysis often
contain large uncertainties (Doswell and Burgass 1988).
Liirect measurements made by an instrument placed in the
path of a tornado are exgemely difficult to obtain (Bluestein
1983a; Bluestein 1983b; Burgess et 8], 198%), Severnl
measurements of tornadic wind flelds near ¢loud-base level
have been made when supercell tornadoes have formed on
vare occasion near the Nadonal Severe Storms Laboratory's
Doppler radar (Zmic and Doviak 1975; Zmic et al. 1977:
Zrnic and Istok 1980; Zrnle st al, 1985). Measurements of
the wind fleld beiow cloud base have been made in non-
supercell tormadoes in Coinrado (Roberty and Wilson 1989;
Wukimoto and Martner 1989; Wakimoto and Wilson 1989).

Lirtie is also known about how tornadoes form within the
mesocyclone of a supercell thunderstorm, Although it is
selieved that solenoidally generated horizontal vortcity along
the forwwrd flank downdraft {s tilied and srretched under the
main updraft 1o increase vorticity at the suface (Klemp and
Rotunno 1983), it is not known how the smaller-scale
tornado farms. Actuel measuraments of the sub-cloud base
wind field and the reladonship berween the wind fleld and
sub-storm scale fearures such as the wa'l cloud, il ¢loud,
and laminar inflow oands ere lacking.

The purpose of this paper is 10 report on our progress vsing
apotbie, | W, FM . frequency modulated)-CW
tconan:ous wave) Doppler radar developed at the Los
Alamos National Laboratory (LANL), 10 make
measurermnents of the wind fleld in tornadoes and wall clouds
along with simuliareous visual documentation. Results
using 8 CW - enion of the radar in 1987- 1788 are givenin
Bluestein arnd Unruh (1989).

2. METHODOLOQY

Our fleid experiments were held durir.§ April, May, and
June in 1989 and 1990. Our chase vehicles were vans
carrying four to alx crew membary. In addition to t¢ radar,
we alio curied along a barometer, a paychromater, video
camera recorders, conventional photographlc squipment, sand
& pormble radiosonde unit (Bluestoln et al. 198R8). Sondes
were released when pousible to nbuin thermodynanuc
soundinga in the stonmi’ environmant.

Wesley P. Unruh

Mechanical and Elecgonic
Engineering Division

Los Alamos National Laboratory

Los Alamos, New Mexico 7545

The radar was moditied 10 have FM-CW capability prior to
the 1989 season. The theory of the FM-CW radar and ts
s:gnal processing is detalled i Swauch (1976). The radar
sends out a continuous signal, whose frequency is swept
linearly upward and reset, periodically. The sweep repetition
frequency (15.575 kHz) of the LANL radar, which operates
at 3 cm, is controlled by the sweep repetiton frequency of a
VCR, which records the data, The sweep repetition
frequency of an FM-CW radar is analogous to the pulse-
repetidon frequency of a pulred Doppler radar. For the
aforemendoned parameters and a sweep width of 1.9 MHz,
the maximum unambiguous range of the radar iy 3 km; the
maximum unambiguous veloclty is +/- 113 mvs ; the mnge
resolution {5 78 m. Since the half-power beamwldth of the
antennas is 5 deg. the resolution volume 4t 2.5 km is 218 m
X2EmXT8m

The radar can be mounted on ity ripod by twe crew
members and set up for aperation in several minutes, The
radar's umbilical cord is connected to batteries and to the
video and eudio recorders housed 1n a camying care, which
can be transported by two crew members (Fig. 1). The
brightness of the video camera image must he adjusted
manually. The level of the CW sigral Is monitored on the
audlo recorder and adjusted manually on the rader unit; the
audiv recorder's dynamic rangoe {s at least 60 db, while the
radar's dynamic range 13 70 db. In the FM-CW mode the
signal quality is monitored on the video sereen. The
dyramlc range of the VCR is only 30-40 db. Overloaded
signals appear as unsynchronized, torn-up looking frames
Censiderable qualitative informadon can be abained fiom
visual examination of video frames, "Cood” signais appeur
ay tited lines. The range of the targe! iy inversely
proportional to the spacing between lines; the velocity of the
target s given by the slope and senss of tilt of the lines.
Target volumaes In which there is complax wind strucnire
appear as crisg-crossed haiched lines. Range folding
appears as an sbrupi change in the slope of the lines.
Furher nterpretation of the video plcture will be given
elsewhers,

The FM-CW radar data (i.e., the video signals resulting
from mixing the ransmitted FM.CW signal with the
hackszatiered signal) are recordad on videolape, and voice
documentation is tecorded on audio tape and on the audio
channels of the vidvotape. When the radar operates ir the
CW mode, actual bore-sighted video of the cloud features
and tormado are recorded on video tape, whils radar daia are
recorded on the stereo audio tane and on the tterea audin
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TABLE ! Significant Data Sets

Date Approximate Location Event Comments

13 May 1989 Hodges, Texas tornado data contaminated
14 May 1989 Coahoma, Texas wall cloud data contaminated

6 June 1989 Floydada, Texas wall cloud
23 April 1990 Turkey, Texas wall cloud weak signal
24 April 1990 McLean, Texas wall cloud, funne! cloud
24 April 1990 Kelton, Texas wal! ¢cloud
15 May 1990 Calumet, Oklahoma wall cloud
29 May 1990 Old Glory, Texas wall cloud
31 May 1990 Spearman, Texas tornado, wall cloud
15 June 1990 Liebenthal, Kansas wall cloud, funnel ¢loud

Fig. 2: Relarive speciral derstty as a funcion of
Relatlvd Spectrel Density Doppler veloctty in a wall-cloud associated with an
, ‘ occluded mesocyclene on 6 June 1989 in Floydada,
l Efghf 7, 1024 Points Texas; for range bins between 3.8 kon and 4.4 km away

from the radar, looking towards the wall cloud. In this
l ' example the mean flow is towards the rader a1 speeds of
. only 10 mi/s or less, ZVP is the 2ero-velecity point. A
‘ trnado had dissipated earlier in a previous wall cloud.
| We are looking at flow from the rear flank dowrdroft
around the circulation,

gelativ |

ectra /
AR

ensit
(U V. attompted to collect data on a funne! cloud northwest of El
™ Reno, Oklahoma and on & tornado near Hinton, Oklahoma; it

A Nt eprrrs began to rain on both of these occaslons as $00n as we set
™ up the radar, and consequently we had to move from our
—rt W positons, which wete southeast and east, respectdvely, of
the storms. On 31 May 1590 we obierved a torado moving |
- L\,.,.,ﬁ.,.,m through Spearman, Texas (this tornado formed in a storm
. whish formad after the one which had produced th0£‘3 i
S N——— tomado); by the dme we got close enough to set up the ;
M.,, radar, the wmado had diulpated. !
DA 4. SUMMARY
Wi m TN In 1989 we had difficulties getting enough experience wit
el g '
100 m/sec +100 m/see | the radar, owing to a relatvely low number of somadoas In
"was 22 ki long and as wide ay 1.6 km (Steven Cooper, l i Oklshoma, our horoe base of operntons. A problem with
'NWS, Amarillo, Texas, personal comnunication). We were | ' | the radar hardwaro was identified and correciad. We did
situated within 10 Jan from the tornado, and may have to " obtatn & good wall cloud data sat which allowed us 10
; currect for range-folded velocities In the FM-CW mods. We | experiment with the processing of & reel FM-C'W data set.
[ mace a hasty sxit from our location when the wall cloud of
the occluded mesocyclone came almost overhead and 6-cm In 1990 we obuained a number of wall cloud date kets and a
diemeter kall bagan 1o (all, tornado date se;  Results ure forthcoming.

| Based on our experiences we suggest that the following

There were & numnber of data sets that we falled to collect, | modications to the radar system and to our method of

but came close to collecting. On 6 June 1989 we antlved in " operntions be made:

Piainview, Texay approximately 10-15 minutes too late to

record data on & tomado that we observed dissipating shead A, The current maximum unambiguous range of S km is
of us. We antempted to gather data on a tomado south of . 8 bii 100 restrictive. The systam should be modified 10 that »
Culumet, Okishoma on 15 May 1990, but the tomado had ' longer maximum unambliguous range, at the expense of the

lifted by tha Hrma wa aa) nn tha sadas N 42 340 1AAA . -
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| tornado is greater than S km away. : Bluestein, H. B, and W. P. Unruh, 1989: Observations of

f 1 the wind ficld in tornedoes, funnel clouds, and wal! clouds

‘ b. An automatic exposure video camers should be g with a porable Doppler radar. Bull, Amer. Meteor. Soc.,

' substituted for the current manual-exposurs camers, We 70, 1514-1525.

I found it difficult and too time consuming 10 adjust the |

| exposure, especially in bright light. : Burgess, D. W., S. V. Vasiloff, R. P. Davies-Jones, D, S.

; Zmic, and S. E. Fredrickson, 1985: Recen: N3SL work on

¢. Automatic galn-controls should be used in the video wind speed measursment in tornadoes. Proc., Sth U. §.
and audio recorders 1o make it easier for us to prevent @ | Nat'l. Conf. on Wind Engineering, Texas Tech., Lubbock,

“overloading the recorded slgnal. It is more lmportantto 1A-53-1A-60.

; obtain high-quality relative reflecdvity data than to obtain
absolute reflectvity data. t Dogwell, C. A., I, and D. W. Burgess, 1988: On some

; issues of United States tornado climawlogy. Mon. Wea.
d._Our bass of ¢narations should be more mobile. By Rev., 116, 495-301.

reswicting oursclves mainly to Oklahoma and nearby regions :
we missed out on several opportunities 1o collect data | , Golden, J. H. and D. Purcell, 1977: Photogrimmenic
elsewhere. ! velocldes for the Great B2nd, Kansas tomado of 30 August

1 1974: acceleratons and asymmetries. Mon, Wea. Rev.,

¢. Consideration should be given to processing the - 103, 485-492.

Doppler spectra {n real tims, and recording the spectra rather
than the actual raw signal, This would allow us to realize the Golden, J. H. and D. Purcsll, 1978: Airflow characteristics
full benefit of the wide dynamic range of the radar, which is . around the Union City tornado. Mon. Wea. Rev., 106, 22-
necessary in the face of ground clurer. 28
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