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ABSTRACT

Severe tornadoes caused much damage in eastern Oklahoma on 5 December 1975. Although synoptic
conditions were favorable for tornadoes, the storms in eastern Oklahoma ahead of a strong dryline
had no appearance of being tornadic when viewed on radar and on satellite photographs. This case
and others like it indicate that dryline tornadic storms often have a unique structure which fails to fit the
classic supercell model and results in a misleadingly weak appearance on radar (small, weak low-

level echo without hook).

1. Introduction

Unusually severe tornadoes for so late in the year
struck eastern Oklahoma on 5 December 1975. One
tornado touched down in east Tulsa, injuring 34
persons and producing $6.5 million damage, while
the accompanying hailstorm caused $3.5 million
damage. The Tulsa tornado was rated F4 on Fujita’s
(1973) descriptive damage scale.

This paper explores 1) the synoptic setting, 2)
storm characteristics as revealed by radar and
satellite data plus eyewitness interviews, and 3)
tornado features reconstructed from a damage sur-
vey of the Tulsa tornado and photography by the
general public.

Although synoptic conditions were favorable for
tornadoes, the storms which developed in eastern
Oklahoma ahead of a strong dryline appeared weak
and small both on radar and on satellite photo-
graphs. A major conclusion of this study is that some
storms ahead of the dryline may appear insignifi-
cant, and thus may strike without adequate warning.

2. Synoptic environment .

At 0600 on 5 December, a 500 mb low was lo-
cated over the Oklahoma Panhandle with a band of
moderately strong winds (roughly 20 m s™1) extend-
ing from eastern New Mexico across northwest
Texas to Oklahoma. During the day, the low opened
into a trough as it moved northeastward, and winds
remained fairly strong over Oklahoma.

The 0600 surface map (Fig. 1) shows the low-
level advection of warm moist air into Oklahoma
ahead of a pressure trough and dryline in west
Texas with a weak surface low in the Oklahoma

! All times in this paper are CST.

Panhandle. Surface dew points exceeded 15°C (60°F)
in central Oklahoma. Convective activity had al-
ready developed in eastern Oklahoma and north-
east Texas.

The Oklahoma City sounding at 0600 (Fig. 2) was
convectively, conditionally and latently unstable
with a lifted index of —6°C (based on Tulsa’s maxi-
mum surface temperature of 20°C). The equilibrium
level for the lifted parcel was 9.5 km.2 The maximum
wind was 210° at 32 m s™! at 7 km.

By 1400 the surface low had moved to the Okla-
homa-Kansas border west of Ponca City, and the
dryline had moved into central Oklahoma (Fig. 3).
Note the confluence along the dryline. South-
eastern Oklahoma was under a Tornado Watch
valid from 1200 to 1700. An area of enhanced cloudi-
ness and rain-showers persisted over eastern Kansas,
eastern Oklahoma, northeast Texas, Arkansas and
Missouri. A cumulus line, which had formed 2 h
previously behind the shower area, stretched along
the dryline from the low all the way to the Texas-
Oklahoma border. This line contained a small
cumulonimbus northeast of Oklahoma City (OKC).
Towering cumuli had also developed along a north-
east—southwest cold front in Kansas.

Two hours later (1600) the dryline was continu-
ing its eastward progression ahead of the south-
eastward plunging cold front (Fig. 4). A short line

2 The equilibrium level is the height where the temperature of
a buoyantly rising parcel again becomes equal to the temperature
of the environment. The height of a storm above the (reported)
tropopause, not above the equilibrium level, is a common
criterion for judging a storm’s severity. Note that the reported
tropopause was at 15 km on this day, whereas the physically
significant level for overshooting tops, the equilibrium level, was
5.5 km lower. Although the storms had large overshooting tops,
they never did penetrate the reported tropopause level.
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0600 CST
5 DEC 1975

F1G. 1. Surface synoptic map for 0600 CST. Temperature and
dewpoint are in °F. Wind flag indicates 25 m s™!, long barb
S m s7!, short barb 2.5 m s~'. Shading denotes radar echoes
and NSSFC’s outlook area of a ‘‘few’’ severe stornrs is hatched.

of thunderstorms had developed just ahead of the
dryline in Oklahoma while towering cumulus still
marked the cold front in Kansas. The dryline
thunderstorms were small but bright. Overshoot-
ing tops were denoted by radar tops above the
equilibrium level and visual observations from the
National Severe Storms Laboratory. Note that
although the first radar echo in the line had de-
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Fi1G. 2. Stiive diagram of 0600 CST Oklahoma City sounding.
The plotted profiles are temperature (right) and dew point (left).
Winds as in Fig. 1.

veloped 2 h previgusly and 1 cm hail had been re-
ported, these storms failed to produce extensive
anvils and did not appear severe.

Within the next hour, three of the day’s four

t 20:00 OSDE?S 32A-H 02501 24261 KAZENITU-KF1

X

FiG. 3. Surface synoptic map for 1400 CST superimposed on 1400 CST SMS-2
visual satellite photograph.
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Fi1G. 4. As in Fig. 3 except for 1600 CST surface map and satellite photograph.

tornadoes occurred.? The surface low had begun to
fill. The 1645 infrared satellite picture (not shown)
depicts growing thunderstorm lines along the cold
front in Kansas and along the dryline in Oklahoma.
However, neither line had the large extent of anvil
outflow common to severe storms.

3. Radar appearances

The dryline storms appeared weak and slow to
develop on the WSR-57 radar at the Oklahoma City
National Weather Service Forecast Office (NWSFO)
as well as on satellite. Their echoes never reached a
scale or intensity sufficient to warrant severe storm
warnings based on radar alone. No indications of
cyclonic curvature were seen in the echoes.

Cell movement (Fig. 5) was consistently from
225° for cells not in a solid line, and from 250° for
those in a solid line. On this day there was no
obvious difference between the echo movements
of tornadic and non-severe storms. The apparent
line echo wave pattern in Fig. 5 is thought to be a

. dynamically insignificant feature which arises, not
from an intense mesoscale disturbance distorting the
squall line (Donaldson, 1965), but from the differ-
ential movement of line cells and isolated cells.

Fig. 6 illustrates the PPI radar display at zero
degrees elevation at 1603, 1613, 1630 and 1651.
Five cells have been identified with the labels A, A’,
B, C and D. Echo A, the first persistent echo of

2 The fourth tornado occurred at Wilburton, Oklahoma (50 km
east of McAlester, MLC) at 1840 CST, and was rated F2 intensity.

the afternoon squall line formed at 1345 (Fig. 5).
A’ developed on the southwest flank of A at 1400
and remained attached to A throughout its life.
The cell complex AA' produced 1 cm hail reports at
1415-1430 and 1600 but no severe weather. The
hourly radar reports indicated that AA’ had the
maximum tops in the line at 1430, 1530 and 1630
(11.5, 12 and 13.5 km, respectively).

Cells B, D and C all developed as isolated echoes
around 1445 (Fig. 5). At 1515 B joined the southern
end of AA’' to form a short unbroken line. By 1603
(Fig. 6a) the distance between D and B had shortened
considerably.

250°

OKC
NWS

N
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0 20 40km

F1G. 5. Echo centroid positions as functions of time. Short
line segment is shaded. Echo position dots are at 30 min intervals.
Thick lines indicate tornado damage tracks.
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FiG. 6. Drawings from Oklahoma City NWSFO’s WSR-57 PPI scope at 0° elevation at (a) 1603,
(b) 1613, (c) 1630 and (d) 1651 CST. Contours are for echoes <32, 32 and 43 dBZ. Maximum storm top of

13.4 km indicated by (+) in Fig. 6c.

The first tornadoes occurred at Bixby (a Tulsa
suburb) and near Okmulgee to the rears of echoes D
and C at 1615 (Fig. 6b). The Bixby tornado was
short-lived and produced only minor damage (F2
intensity), but its sighting alerted the Tulsa Weather
Service Office to issue a tornado warning. In con-
trast, the Okmulgee tornado (F3) lasted over an hour
and its path was 42 km long.

Fig. 6¢ (at 1630), clearly shows that the Okmulgee
tornado was located at the left rear of cell C. Maxi-
mum reflectivity of C at 0° elevation at this time was
less than 32 dBZ and never during the tornado’s life
did reflectivities exceed 47 dBZ.

" The intense Tulsa tornado (F4) and the Okmulgee
tornado were both in progress at the time (1651)
of Fig. 6d, and baseball size hail was falling in
downtown Tulsa from Storm B. The Tulsa tornado
was produced at the rear of D as it intensified and
merged with B. We believe that D, not B, was the
parent of the Tulsa tornado for the following rea-
son. Close examination of the echoes revealed maxi-
mum Treflectivity gradients and maximum tops on
the rear flanks, implying that the updraft for each
dryline storm was at the echo rear. Thus, D’s
but not B’s updraft was in position to produce the

Tulsa tornado. However, tornado formation might
be related in some way-to the echo merger. Al-
though the tornado was on the ground for only 2.5
km, it produced great damage ($6.5 million). Echo
D remained strong after the tornado and possessed
the maximum storm top (13 km) at 1730. At this
time C had a 12 km top and was merging with
the solid squall line to its north, while the Okmulgee
tornado was nearing dissipation.

Also of interest is the fact that none of the echoes
ever had reflectivities in excess of 50 dBZ on WSR-
57 radars at Oklahoma City, Wichita or Monett.*
Hook echoes were not detected on the Tulsa
Weather Service Office’s WSR-3 local warning
radar® even though this radar model has been used
to identify hook echoes at ranges up to 60 km
(Garrett and Rockney, 1962). The radar antenna was
tilted to 3° elevation to reduce ground return while
the Tulsa tornado was in progress. Storms were
small and did not travel significantly to the right of

4 Oklahoma City, Wichita and Monett are at 241%175 km,
320°/210 km and 64°/190 km relative to Tulsa. .
5 Private communication, B. Barker, Ofﬁcial-in-sharge, Tulsa

NWSO.
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FiG. 7. Drawings composited from photographs of the
Okmulgee tornado taken from different angles. Photos taken by
Mr. Watson and Mr. Bensch.

the mean wind and generally did not fit the well-
known supercell model (Browning, 1977).

4. Eyewitness observations

Eyewitness accounts and photography collected
from the public confirmed our radar-based impres-
sions of these storms. Storm C’s passage through
Okmulgee was variously reported as a brief rain-
shower or the fall of just a few large raindrops.
Tornado photographs taken from different angles
indicate very little precipitation falling from the base
of the cloud. Photographs also show that the tornado
apparently formed from a shallow flanking cloud
line behind the main cumulonimbus (Fig. 7). Bates
(1968) also observed tornadoes pendant from
flanking cloud lines.

Fig. 8 shows the track of the tornado which struck
east Tulsa and the camera sites for photography col-
lected by us from the general public. All photog-
raphers, including No. 7 who was 8 km northwest
and No. 9 who was 7 km west-southwest, had
clear unobstructed views of the tornado. Only
light rain fell at all the photographers’ locations
either just before, during or immediately after the
tornado. Near the path, 0.5-2 cm hail fell at points
2, 3 and 6 before the tornado. Baseball-size hail
was reported in downtown Tulsa (13 km west). At
location 7 and the National Weather Service Office,
5 cm stones fell while the tornado was in progress.
Photographs reveal a dark precipitation shaft
northeast of the tornado; in all other directions
little precipitation is visible. These observations are
consistent with the absence of a hook echo on the
WSR-3 radar.

Thus, visual evidence and eyewitness reports con-
firm that 1) the tornadoes occurred on the rear
flanks of the storms, and that 2) little precipitation
was falling from Storm C around 1630.

5. Tornado-scale features

Although its path was short (2.5 km) the Tulsa
tornado severely damaged brick houses, a church,
theater, shopping center and apartments. All that

A TORNADO
NWS TH5T0GRARHER POSITIONS
@
DOWNTOWN
€ TULSA 3 km :
® TORNADO
4
@@
@
O ®
®@
N
|
o | 2km

FiG. 8. The track of the east Tulsa tornado and the locations
of photographs, the National Weather Service (NWS) Office and
downtown Tulsa.

remained on the foundations of some houses were
the carpet and the bed frame; the walls and roof
had been deposited a short distance away in the
direction of translation. Other houses still had in-
terior walls or plumbing fixtures intact (Fig. 9). As
far as we could tell, all the debris was displaced
downstream (relative to tornado translation). On
the fringes of the path, there were a few signs of
low-level radial inflow (such as the direction from
which sheet metal had been wrapped around trees).

A swimming pool, which lay in the midst of the
worst damage, suffered no detectable water loss
from the tornado passage.

Photography (Fig. 10) shows that the tornado’s
life cycle was similar to that of the Union City
tornado (Moller et al., 1974; Golden and Purcell,
1978). Debris started rising from the surface before
the condensation funnel reached the ground. The
mature stage was marked by maximum funnel size.

Fic. 9. Damaged hous= in Tulsa.
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The tornado then became increasingly tilted and its
~demise was signaled by the funnel being drawn into a
long contorted rope shape.

A movie taken by photographer No. 9 (located
in Fig. 8 shows a sudden giant flash of light in
the funnel accompanied simultaneously -by two
smaller discharges at some distance on either side of
the tornado. These flashes must have been caused
by the short circuiting of high-voltage power lines
and nearby transformers as the tornado downed
the lines. Tornado sounds were audible within
roughly 1.5 km.

6. Conclusions

Although synoptic conditions favored severe
weather, the developing storms appeared weak both
on radar and on satellite photographs. The one
radar clue to the strength of these storms was
their high tops, up to 4 km above the lifted parcel
equilibrium level. Such large overshoots imply
very strong updrafts.

The similarity between these storms and the 4
June 1973 Norman tornadic storm (Davies-Jones
et al., 1976) is striking. Both storm systems were
along drylines and apparently had intense updrafts
at the storm rear, perhaps even behind the low-
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FiG. 10. Photographs illustrating life cycle of Tulsa tornado.
Top photographs by W. Stokes (No. 8 in Fig. 8) looking northeast.
Bottom photo by D. Smith (No. 11) looking northeast.

level radar echoes. We surmise that precipitation
particles were carried far aloft before they reached
radar detectable sizes and were blown out into the
anvil before falling to the ground. Consequently,
most of the precipitation reaching the ground was
in the form of hail and large raindrops because the
smaller drops evaporated on the way down. One
observation we cannot explain is the lack of exten-
sive anvils on the 5 December 1975 storms.

Additional (unpublished) cases of similar dryline
tornadic storms with small, weak low-level radar
echoes and no signs of hook echoes have been
noted by the authors. The existence of this class of
storms is largely unrecognized. We feel that these
severe storms are important because of their
capacity for destructive tornadoes and large hail,
while possessing a unique and deceivingly benign
radar structure which fails to fit the classic supercell
model. Note that this type of storm has been
observed only near a dryline but that other types of
storms (e.g., supercell) are observed frequently on
or ahead of drylines.
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