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%
In appreciation of your contribution of information to our Lubbock Tornado
Research Project, we are pleased to send you a copy of our report. This

report is to be published in the August issue of Weatherwise, a bimonthly
magazine of the American Meterological Society.

We will still be working on a more detailed study of the Lubbock tornadoes
to complete a final report to ESSA and NASA sometime next Autumn.

If you have further information regarding the Lubbock tornadoes or comments
on the context of this report, please let me know.

Sincerely yours,

T. Theodore Fujita
Professor of Meteorology

TTF:uw
‘Enclos ures



w

%

~

10.
11.
12,
13.

14.

CouTt il I . TAL A
woanX a7 2NSSP ¢ - meo N _os
Colle ERN - < - Ironite Clowe FUEIt SR B
Eoriz o T e o o B, A. Brow.
An Inyc" o N > < - Derses oo Throuy L Txeese 2 e A o U Noeturmal Showers -
LEPORERN -
P ' N * . cul Network - Kernaeth A, Styber
Onalli il [% Le-ar .2 K Sy of T surle Aerial Photographs - Tetsuya Funm
ARe  w . Descord e Sm Y et Ty s e o,. JJjita
Mow m¢ sl ool o2l o e Newfsystims o 0 00 an TIX IS Cloae [ wotugraphs - Tetsuya Fujima, Tosh 1]
Us., he, ¥Nawam ol We s -G o UL Sellen, Jr.

Study of the Develn Lortof Frolro to ¢ r

Study of a Lar Conc...

A Tochrigue Jor Precise M. . -
Invesiuy: or of a Sum -
Oudine of a Theory anc Exzr | s 1or P

Pre ".ninany Result of Ara - = C-

ATeck 7. irlrocizc adysis ol 3

Evaluation of L1 -+ Tarker 3

Syno

and v . L. Fiet_l._r
On the Low-level Structurc o L L

Thundersterms and the Low-1.-.

A LxoLr —t . T - S
- [

Eveic SH .

T .30 Sa Ne - '

AS.. N R

AS __;y TCuW e ©

Tetsur

Tie Se=--i S Prin o

Syaenil Seu TCe oL AT

Tetc~y~ F | -2

Accurée C° a0 1T A

Pro . o« s T clk
Ko o

rJet St U<y

=Syl n

of Terr__ . _I Rudia

<Jet - Wl e
o< Cunvectan

ToLlo Sty

F-o

s NSSP U o
Trail L v ooorert G by 1AOS T - Tosh: L su Ush.]
20 Sae wiie Dat Yo ume I - 7

TROS a4 wAcr T

~reo~ TIROS I Radiation Dara -
i Interpretation of TIROCS LI L _aoure » wws of Infrazed n-

0% 0 ctee o

Taa s

~_as Cloud el v 21, 1961 - Tets

T s

.2y D.3SF Nenwork Data - Joseph L. Goldman
€2 - Uil Ly Fuy oo

aa
Scamm oy (Puzlilshed as MSL Report No. 14) - Tetsuya Fujita

v Data - Kozo N . ...ya

T ALlTysis L Saduaae Rasaation Data - Tetsuya Fujita

ya Fujita and James Arnold

- Te

Yo S
. H.H. Larsen, Tersuya Fujita, and W. L. Fletcher
~lon - Finn Pedersen and Tetsuya Fujita

Scattered Solar Radiation - S.H.H. Larsen, Tetsuya Fujita,

<~ - H vy A. Brown

=Ty A. Brown

ymodoes il 17 and 22, 1963 - Joseph L. Goldman and Tetsuya Fujita

Chailc N s € rms - Tetsuya Fujita with Rectified Pictures from TIROS I
1 “.c = fo¢ NsSS8U T o -sure Data - William Boaner
Yoo S, 7o o0, .ic Anulys.s o Tornado Cycione Case of
- I S T .. ¢ = and Infrared Radiation from the Top of the

6. Fixed-Position Scanning - Tetsuya Fujita

... TIROS Scanning Radiometer - james E. Arnoid

e 1 Usr ¢U-2 Photogra - - Dorothy L. Bradbury and

~ Rac - ~1Data - T__suya

fujita

S ! . Phewgr-, “s an ! Radiatdon Data - Aasmund Rabbe and

b of Mesoscale Wind Ficlds - Tetsuya Fujita

S¢oumwe o 77 tsand TV e Depressions - Tetsuya Fu

-\ Y
n.o- its L T i a e K —T
wog - Re T



SATELLITE AND MESOMETEROLOGY RESEARCH PROJECT
Department of the Geophysical Sciences

The University of Chicago

LUBBOCK TORNADOES
of

11 May 1970

by
Tetsuya Theodore Fujita

(Preprint of draft to be published in Weatherwise)

SMRP Research Paper #88
July 1970
The research reported in this paper was supported by the National Aeronautics and

Space Administration under grant NGR 14-001-008 and the Environmental Science
Services Administration under grant ESSA E-198-68 (G).



LUBBOCK TORNADOES!

Tetsuya Theodore Fujita
The University of Chicago

After 70 years of immunity, Lubbock, Texas, a city of 170,000, was hit by two
tornadoes on 11 May 1970; a small one at about 8:45 pm CDT and a giant one around
9:45 pm CDT. The latter one left a path of devastating damage between the downtown
area and Lubbock Municipal Airport. According to the latest statistics of severe
local storm occurrences by ESSA (1969), there have been 49 verified tornado
occurrences in the 1° square around Lubbock in the 13-year period 1955-1967 and 54
in the 1° square around Amarillo, The area between these two cities reported a much

greater frequency of tornado occurrences.

First Tornado, A Small Forerunner

A funnel cloud related to the first tornado was reported by an off-duty
policeman at 8:10 pm; meanwhile, a small hook echo was detected by the WSR-1
radar at the Lubbock Weather Bureau station. The hook echo was tracked by the
radar until 8:45 pm when a funnel cloud was reported 3 miles east of the city
limits (Fig. 1). The first tornado appeared to be a forerunner of the second and
was strong enough to blow down fences and billboards in directions indicating a
cyclonic circulation, The width of the damage caused by estimated 75 mph gusts
was about 2 miles. The strongest wind inside this tornado occurred as it moved
over the U, S. 82 and Parkway Drive interchange. According to the Lubbock
Avalanche Journal, "At this site, 13 beams, weighing 109,000 pounds each--each
in place with a concrete dowel and doubly weighted with claims--blew from atop the
overpass under construction.” The size of the damaged concrete structure is
seen in comparison with a man standing in the picture (Fig. 2). When an aerial
picture of the overpass is examined in detail, it becomes evident that the damage

is not uniform to all 35 beams. Instead, the 13 affected beams happened to be

The research reported in this paper was supported by the National Aeronautics
and Space Administration under grant NGR 14-001-008 and the Environmental Science
Services Administration under grant ESSA E-198-68 (G).
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Fig. 2. Sections of 109.000 1b, becams at U, S. 82 and Parkway Drive interchange which
were blown down by the first tornado. (Courtesy of Mr. Milton Adams. Lubbock Avalanche

Journal photographer)

Fig. 3. Aerial view of the damaged
interchange structure. Localized dam-
age pattern indicates existence of a
v ) suction spot about 30 meters in
diameter which moved over the
structure from north to south.

(Photograph by NASA)



.z pa* of a suction spot which moved around the core of the first tornado. The
speed and the pressure effects to produce this damage will be estimated later

igh structural analyses (Fig. 3).

Tornado Suction Spots

The term "'suction spot' was first iztroduced by Fujita (1967) who concluded that a
er of cycloidal marks left in a corx field were caused by three to five spots
: the suction effects of a tornado were concentrated., The size of each suction
was only about 1/20 of the diameter of the tornado's core. In some respects,
< suction spots rese~ple convective towers around the eye of a hurricane,
: “se e vertica. motion around tae eye is ot uniform’y distributed but is
-.r.trated inside several towers rotating around the fringe of the eye. There are
~uirdences that suction spots are in a state of slow rotation while moving around the
ge of a tornado core, where the rotational wind of a tornado as a whole reaches

aximum.

The Second Tornado, A Giant Tornado

To inspect the damage caused by the second Lubbock tornado, the major one
~i_l. originated in the downtown area, the author made an aerial survey from a
‘ccoter. He made an intensive search for damage patterns which could be
-ed to the paths of suction spots. During a few hours of surveying, a large
“er of semicircular patterns of severe damage were observed which could
e been caused by suction szots around the core of the second torzado. Later,
1 the locations of occurrence of the 28 deaths due to the tornado were plotted
on a map with suction spot paths, a remarkable coincidence was found; all deaths
and fatal injuries except one, or 95% of all fatalities, occurred along the path
of suction spots which may be called a suction swath or suction mark (Fig. 4).
The pattern of suction swaths of the tornado as it moved over the downtown
_2a consisted of concentric semicircles, suggesting that the storm's core shrank
. .ty rapidly from a diameter of about 2 miles to 0. 4 mile while the rotational

.ind speed increased due to the shrinking core diameter,
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’... observer's sketch of the echo seen on the AN/FPS-77 radar scope at
- AF3 clearly indicated a hook echo spiraling around a core with a diameter
.i.e and centered to the northwest of the Great Plains Life Building. At
.12, the spiral echo was about 1l miles from Reese AFB. A few minutes
-, at 9:35 pm, the Lubbock Weather Bureau radar picked up the same hook
circling some 180 degrees around the circulation center. The hook echo was
. aeatil 9:50 pm, at which time it was too near the radar station to be seen on
Je.
“.te tornado made a gradual left turn and the core diameter shrank to about
i 2 as the tornado center was moving in a westward direction. Meanwhile, the
o weakened considerably, thus losing most of its intense suction spots. Upon
- ng University Avenue and 4th Street, the center reversed its course by 180
««3 and headed eastward, then east northeast while it reintensified into a
»ctive storm, After leaving swaths of devastating damage the storm headed
d the north northeast.
According to the author's estimate, the tornado center passed in a north
. westerly direction over the Weather Bureau where a minimum sea level
~re of 996.9 mb was recorded (Fig. 5). The estimated translational speed
» tornado as it traveled from Lubbock proper (9:35 pm) to the Airport wind
.7 (10:03 pm) was 21 mph along a curved path with a loop. Using this
slational speed, the time scale in the pressure chart was converted into a
~ scale. It can be seen that the low pressure field surrounding the tornado
approximately 10 miles in diameter., The best-fit pressure field of a Rankine
. x implies that the pressure inside the 0. 4 mile tornado core should have been
'L lower than that indicated by the pressure trace. The core diameter of the
* ado vortex as it moved over the Weather Bureau was between 0, 3 and 0.4 mile.
-tion-spot paths were found on both north and south sides of the Weather Bureau,

" out breaking any windows.

Weather Situation

On 11 May 1970 the sky over Lubbock was clear until around 300 pm CDT. Dew-

point temperatures were near 40°F which is too low to support any severe convective
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8
“g. 6). By 4:00 pm some cumuli with bases at 8000 feet had developed and

cirrus at 30,000 feet was observed but there was no indication of major
" velopment until near 6:00 pm when towering cumuli were seen in all

By 7:00 pm cumulonibi were observed to the south and distant north

enlarged ATS-II picture with superimposed dewpoint isotherms in dashed
d surface winds at 7:00 pm reveals that the moist air from the Gulf was
orth northeastward with a front extending from western Texas and central
“» Iowa (Fig., 7). A southwesterly flow of dry air from central Mexico
"« as far north as central Kansas, thus producing a marked moisture gradient
‘e moisture front. The difference between these dry and moist air masses is
~rly in the Amarillo and Midland soundings taken at 7:00 pm CDT. Lubbock
_:d halfway between these two stations, Over Amarillo there was a dry -
"z layter of 42°C potential temperature extending up to 13,000 ft MSL, but with
densation level at 16,000 ft. ,cumulus growth was prohibited in this dry air.
.xdland, however, the moist air from the Gulf extended up to 10,000 ft. MSL,
- o~ a uniform potential temperature of 41°C and a condensation level at 11,000 ft.
Under these conditions the virtua. temperature of the moist air will exceed
"the dry air aloft by receiving a sma’" amount of heat from the underlying
w. A slight topographic lifting of e moist air over western Texas will result

‘gorous overturning along the leacing edge of the moisture front.

ATS-III Pictures

May 1l was selected as a day of activity for the "Tornado Watch Experizent”
- was conducted jointly by NASA and ESSA during the tornado season of 1970.
22 ATS-III was programmed to take pictures at ll-min intervals during the
Jhthours, A sequence of 62 pictures was obtained and then enlargement of
~ea was made into pictures of highest possible resolution. Those taken at 6:00,
and 8:00 pm CDT (Fig. 8) are shown with superimposed surface reports.
" rance scale in each picture shows that we can see 2- to 3-mile size clouds. A

" between the dry air to the northwest and the moist air to the southeast is
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Fig, 7. Pamerns of air flow and dewpoint isotherms superimposed upon an ATS-II7 picture for 7:00 pm.

Note the tornado cloud to the south of Lubbock. The large cloud mass to the no

Nebraska border produced several small tornadoes.
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cmulus line separating the dark area to the northwest from the

may be made here between the moisture front and temperature
" .re front where moist air replaces dry air is termed a moist front

"~ replaces moist air is a dry front. These correspond to the warm

‘¢ res show that at 6:00 pm, Lubbock was in the moist air mass about
«i st of the moist front while Amarillo was deep inside the dry air mass
. ..mperature of 24°F. Most of the white to gray clouds east-southeast
« cirrus moving from WSW at 25 to 28 knots. A few thunderstorms can
» »rtheast but no cumulonimbi clouds of greater diameter than 5 miles
e 6:00 pm picture, By 7:00 pm the moist front reached a point about
vr_3t of Lubbock and a circular anvil cloud, 13 miles in diameter,
> »uth, with its northern edge approaching near to Lubbock, A close
' the picture shows two overshooting tops of cumulonibi near the
“tae anvil cloud. By 8:00 pm, 10 min before a funnel was reported by
,ioceman, the circu.arshaped anvi- cloud had rapidly expanded into an
In fact, the downwind edge of the anvil cloud expanded at a rate of
2 is 40% higher than the Amarillo windspeed and 30% higher than the
~_ed at 250 mb. Such an explosive expansion is the result of the storm'’s
~ field which is an indication of the violent convection taking place within
anvil, At 8:00 pm the Lubbock Weather Bureau reported a thunderstorm
<t and marble size hail about 10 mi south of the station,
.ately, because of darkness, the last ATS-I1II picture was taken at 8:00 pm.

¢ did show, nonetheless, that the first Lubbock tornado cloud

. .3* front moving northwest, The storm cloud did not form, as in many
--gion where warm moist air was plowed by advancing cold air. Instead,
¢ behind an advancing moist front with small temperature difference

© .. alr masses,



12

WSR-57 Radar Pictures

was the only WSR-57 radar station near enough to the tornadic activity
noock storms. A collection of radar scope pictures at 30-min
< that there was no echo from the expected location of the storm cloud.
radar picture shows a rapidly growing echo to the south of Lubbock,
. 7.70 a double-celled structure by 7:00 pm. At this time the northern
was only a few miles from Lubbock, By 8:00 pm the major echo and
.es to the west-southwest had split forming three echo pairs. The
“irst tornado is shown in the 8:30 and 9:00 pm pictures in small circles.
» characteristic hook echoes visible in these pictures because of the
of the storm from Amarillo (Fig. 9).
» ,:00 and 10:30 pm a significant echo convergence took place, This is
v the time of occurrence of the second tornado, the devasting Lubbock
‘ing t:is period all small echoes to the southwest of the major echo
. .€ nearly stationary major one, It has been known that echo convergence
collision take place at the time of tornado occurrences, a similar
iz this case might be described bysaying that the "Lubbock storm echo
. - 3mall echoes to the southwest. "
. 7200 pm some of the echo motions began to show signs of rotation. So
. midnight picture, thefre are two definite circulations about 50 miles in
A ‘hird one with a smaller diameter is also seen in the picture, At this
..r, the transition from the inital appearance of the Lubbock tornado
~irculation is not clear.
i«le~ thin line which appears along the lize of large refractive index
i clearly visible in these radar pictures taken between 7:00 pm and midnight.
. corresponds to the line of small cum=uli in the ATS-III pictures. Due to
v 2ly shallow depth, thin lines can be seen only within about 50 miles from
zdon,
" & been pointed out by Fujita (1965) and Browning (1964), a hook echo can be

"seen only when it is near to a radar operated at low elevation angles. If we
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radars for tornado warning based upon hook-echo detection, it will
Jerate a radar station within 50 miles of cities in tornado alleys.

*"~n of hook echoes by the Lubbock Weather Bureau and Reese AFB

-immediate tornado warnings. It should also be noted that large

such as seen in the midnight picture did not produce tornadoes.

)

g hook echoes usually have an eye of no more than 3 miles in

« which a hook encircles,

Estimated Windspeeds from Suction Swaths

.ing speed of suction spots as they move around a tornado core
sotational speed of the storm. For a tornado with core diameter, D,

., U, and funnel rotational speed, V, the distance, S, between suction

<d along the path of the tornado center is given by
S= Vet= 7+ DOv"!
.o time required for a specific suction spot to make one complete

' the tornado core. Fujita (1967) and Fujita, Bradbury, and Van Thullenor

"~~~ that there were 3 to S suction spots moving around a tornado core,

.+ evenly distributed suction spots around the core is n, the rotational

funnel can be expressed by

o ™
V= wm S .

- of suction swaths were found in the area of the second tornado, but, for

Jlere suction swaths just north of Kent St, are shown along with the

~nado center (Fig. 10). The distance between these suction swaths was

rs while the core diameter as determined from the shape of these swaths
ers. Assuming the traveling speed of the tornado to be 21 mph, the
»eed of the funnel is now given by
RO
-~ —_— \/\'YVI)\’\_, .
- \Wa o
act number of suction spots is not known, a reasonable rotational

be selected between 290 mph and 145 mph because 97 mph, which corresponds



Pattern of three suction swaths north of Kent St. Destructive damage can be lollnwed

i each suction swath in the direction of arrows, Note that the extent of damage is not always

- d to distance of structures from tornado center, (Picture by NASA)

i . Pile of bricks located near eastern edge of a suction swath. Picture

_~ ok -, south.

15
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Je too low to cause such destruction as was observed in the area.

-ything from two houses except the concrete foundations were

carried some 200 feet in*o the field, Five persons were killed at

-~ Location 13, a large pile of construction bricks was at the eastern
swath., A close-up picture of the pile looking south shows that the

wn off from both ends, leaving a wake-flow pattern (Fig. 11).

Other Suction Spot Damage

. = often been reports of train derailments due to tornado winds.,

.2 nple of the impact of a suction spot is illustrated by the chain of
w’ ich were on a railroad siding near Goodpasture, Inc. at the north
. (Fig. 12). The final positions of the cars clearly indicate the

action spot which moved from the lower left corner of the grain

", ‘v a demolished house on the left edge of the picture. Cars I and ]

s far as 70 meters off the tracks.

"~ “north of this train an empty fertilizer tank weighing 16 tons
There were evidences that
A

“w to a spot 890 meters away (Fig. 13).

.. the ground 190 m from its impact point to final resting point.
. of aerial photographs failed to find more than one impact point

+ .d path of the tank. It is likely that the tank was airborne for a

meters, crossing over US 87, a four-lane highway.

“{ block of the location where a woman died after being swept out of

" wrapped in flying sheet metal, a tree was found standing ""dressed-up’

< .eet metal (Fig, 14).
asture, Inc. grain elevator is located on the southwest edge of a

Tive of the circular tops to the clindrical grain bins were lifted and

5t the median superstructure between the bins (Fig. 15). These tops

-inch thick concrete, Beginning at the bottom of the picture it shows

. was empty, the second was 95% full with grain visible in the picture,

- not lifted, and the fourth through sixth were empty and were lifted.



Fig. 12,

Final position of 13 freight cars as related to the path of a suction xpot.

(Picture by NASA)

Fig. 13. A 16-ton empty fertilizer tank believed to have been airborne

through a distance of 700 meters and then rolled 190 meters to its final

resting position. (Picture and information supplied by Dr. J. A, Shanahan,

Bechtel Corporation, San Francisco)

17
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Fig. 15, Lifted tops of grain storage bins at Goodpasture, Inc.

Tops were made of 10-inch thick concrete and had a diameter of 33 feet. Note
that the second one was 95, filled with grain while otaers damaged ones were

empty.

Note that the upper part of tree was
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If the lifting was the result of the expansicn of in-storage air, the one which was 95%
full should not have behaved like the empty ones. A closer examination and

engineering analysis of these elevator storage bins are 2igh.y reccziriznded.

A Wooden Shack in Tornado

A sma’. wooden shack in a direct path of the second tornado was found to be
practically undamaged because it was standing between suction swaths. A panorinic
picture from southwest through northeast shows, from left to right, three buildings
with increasing structural strength; a wooden shack, a frame house, and a block
caourch (Fig, 15,. After lie passage of lie tornado, the damage to these three
structures was exactly opposite to what would be expected from constructural
strength. The block c.urcs was 60,4 destroyed, the frame house had damage to the
roof and broken windows, v .ile the wcoZen «_.ack that could have been destroyed
easily by 100 mph winds was nearly free of visible damage. The mystery is how the
wind, pressure, and rate of pressure change which accompanied the very destructive
second Lubbock tornado failed to damage a wooden shack located at the bottom of
the boundary layer of the atmosphere as the tornado moved right over it. This
evidence along with several others observed during the survey of the entire damage area
suggest that the full effects of the wind forces and pressure drop are inside the suction
spots with horizontal dimensions at least one order of magnitude smeller than those
of the parent tornado core.

Due to the small size and fast traveling speed of suction spots, <.z rate of change
in pressure must be at least 10 times greater than what had been previously computed

from pressure profiles of tornadoes and their traveling speed.

Although the present findings by the author will require some revisions in light
of fur...er research on the Lubbock tornadoes,a list of tentative conclusions will be of

value to *hose who are interested in violent tornadoes.
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(I)  The devastating Lubbock tornado was preceded by a weak tornado acting
as a forerunner. A relatively large area s..cull be included iz the

".ornado Warning" issued by the Weather Bureau because destructive

sto.s may occur anywhere in the vicinity. This recommendation was

made by McCrabb (1970).

(2) The Lubbock tornado cloud developed just behind a northwestward advancing
moist front with little temperature difference across the front, Upper
level conditions were not adequate to support the formation of a tornado

outbreak such as the Palm Sunday 1965 storms,.

(3) The specially enlarged ATS-III pictures by NASA were useful in
determining the features and location of the advancing moisture front as
well as the localized intense convective systems in their early stages.
For continuous day-and-night storm watch coverage, an infrared camera

system is highly desirable.

(4) The weather radars at Reese AFB and Lubbock Weather Bureau detected
the tornado-bearing hook echoes. A complete analysis of the WSR-57
radar pictures from Amarillo is likely to establish the mechanisms for
the development and growth of the mesocyclones forming immediately after

the dissipation of the second Lubbock tornado.

(5) The ma’ic of dezths and fatal injiries due to the tornzdo occurred e.ong
the suction swaths inside the secoxnl tornade. However, a wooden shack
located between two distinct suction swe.s escaped demage when _.e

tornado moved over it,

£6) A suction spot will be accompanied by an excessive rate of pressure change

because of its small size and fast traveling speed. The rate is likely to be
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