Some Noteworthy Aspects
of the Hesston, Kansas,

Tornado Family of
13 March 1990

Jonathan M. Davies,*
Charles A. Doswell lli,*
Donald W. Burgess,**
and John F. Weaver+

Abstract

This paper considers a tornadic storm that struck south-central
and eastern Kansas on 13 March 1990. Most of the devastation was
associated with the first tornado from the storm as it passed through
Hesston, Kansas. From the synoptic-scale and mesoscale view-
points, the event was part of an outbreak of tornadoes ona day when
the tornado threat was synoptically evident. Satellite imagery, com-
bined with conventional data, suggest that the Hesston storm was
affected by a preexisting, mesoscale outflow boundary laid down by
morning storms. Radar and satellite data give clear indication of the
supercellular character of the storm, despite limited radar data
coverage.

Because of the considerable photographic coverage, several
interesting features of the storm were recorded and are analyzed
here. These include the following: 1) the movementand dissipation
of a cloud band associated with an apparent rear-flank downdraft;
2) a transition from a rather large funnel through an apparent
dissipation tothe formation of anarrow funnel, duringwhichthedamage
on the ground was continuous; and 3) a period of interaction between
the first and second tornadoes.

1. Introduction

The afternoon and evening of 13 March 1990
witnessed an outbreak of at least 60 tornadoes in the
central United States, from northwest lllinois to north
Texas. This outbreak produced the strongest torna-
does on record for so early in the season that far north
and west in the United States (Storm Data, March
1990). The outbreak included two unusually long-lived
tornadic storms, one in northern Kansas and Ne-
braska and one in southern Kansas, each of which
produced a tornado family. This paper will focus on the
long-lived supercell storm event in south-central and
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eastern Kansas that produced a family of five torna-
does, including a violent tornado that struck the town
of Hesston, north-northwest of Wichita, Kansas.

The Hesston supercell produced a family of at least
five tornadoes, with a combined path of nearly 170 km
(105 mi). The first three tornadoes in the series were
particularly well documented photographically. With
good visibility and timely warnings from the National
Weather Service, several citizens were able to obtain
excellent photographs and video recordings of the
event from a number of vantage points. The resulting
visual record provides an opportunity to examine
some of the noteworthy events associated with the
supercell and its attendant tornadoes, especially the
most violent ones. This paper is concerned primarily
with those noteworthy events.

Section 2 of this paper will summarize briefly the
synoptic and mesoscale aspects of the situation. In
section 3, a short overview of the supercell storm
(henceforth called the Hesston supercell) that pro-
duced the tornadoes in south-central and eastern
Kansas will be given. Some interesting features of the
Hesston supercell storm and its tornadoes will be
described in section 4, and a final discussion will be
presented in section 5.

2. Synoptic and mesoscale environments

In general, the severe weather of 13 March 1990 fits
the description “synoptically evident” (Doswell et al.
1993); that is, synoptic-scale structures favoring the
development of severe convection are quite evident.
The situation at 1200 UTC is a good match for a “type
B” severe weather pattern (Miller 1972). This pattern
is distinguished from Miller’s “type A” pattern primarily
by the presence of a major cyclone upstream of the
event (as seen in Fig. 1). Convective available poten-
tial energy (CAPE) calculated from an interpolated
sounding for the Hesston, Kansas, vicinity at 1200 UTC
(Fig. 2) is about 3200 J kg™'. This subjectively interpo-
lated sounding is based primarily on the Topeka,
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Fic. 1. The 500-mb analysis at 1200 UTC 13 March 1990,
including geopotential height contours (dm, solid lines) andisotherms
(°C, dashed lines), with conventional wind barbs (half-barb is 2.5
m s, full barb is 5 m s, and flag is 25 m s7").

Kansas, and Monett, Missouri, 1200 UTC soundings,
modified atlow levels with the surface data from near the
time and location of the Hesston supercell, and through
interpolations from the 850- and 700-mb analyses.

Further, there was considerable storm-relative en-
vironmental helicity (SREH) (Davies-Jones etal. 1990):
an interpolated hodograph (shown in Fig. 3) for the
Hesston vicinity at about 2100 UTC combined with an
observed storm motion from 235° at 17 m s™' (33 ki)
has an SREH value of about 405 m2s2 (for the layer
from the surface to 3 km). The subjective hodograph
interpolation is based primarily on the Topeka, Kan-
sas, and Monett, Missouri, 0000 UTC wind profiles,
again modified slightly at low levels using the surface
analyses and interpolations from the low-level con-
stant pressure charts.
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Fia. 3. Hodograph interpolated to near Hesston, Kansas, at
about2100 UTC, showing the storm motion (from 235°at17 ms™).
The areaindicative of the surface (S) to 3-km storm-relative helicity
is stippled; axes are inm s~'. Squares on the hodograph are at 500-
mintervals.
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Fia. 2. Sounding interpolated for 1200 UTC, near Hesston,
Kansas, on 13 March 1990, plotted on a skew T-logp diagram;
temperature trace is solid line, dewpoint trace is dashed line. The
lifted parcel curve (dotted line) corresponds roughly to that of a
parcel starting with the observed afternoon temperature of 24°C
(75°F) and an average mixing ratio in the surface layerof 12 gkg-'.
Positive area is indicated by hatching, negative area by stippling.

Although CAPE and storm-relative helicity param-
eters do not constitute a comprehensive analysis of
the synoptic situation, they certainly suggest that the
pattern favored development of supercells; the CAPE
and helicity are within the range suggested by Johns
et al. (1993) as favorable for supercells that may
produce strong and violent tornadoes.

During the previous evening, and on into the early
morning hours of 13 March, convection had developed
in Oklahoma and moved relatively rapidly
northeastward across Kansas and into lowa and
lllinois by 1200 UTC. Additional convection developed
during the morning in the warm sector of the large-
scale weather- system, south of a quasi-stationary
front that lay across northwestern Kansas, and east of
a dryline that intersected the front (Fig. 4). This
convection moved across central and eastern Kansas
by late morning, leaving behind an outflow boundary.

The best evidence for this boundary is in the satellite

imagery, where it is delineated by cloud lines and a
change in character of the low-level clouds (e.g., Fig.
5); the sparsely distributed surface observations give
little hint of this mesoscale feature.
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Fia. 13. Series of tracings of pertinent features along the cloud
band as it evolves in time; numbers to the right correspond to
photograph numbers in the sequence taken by K. Smith, with No. 9
taken atabout2238 UTC. Arrows locate the ends of the bands (Nos.
1 and 2) tracked in Table 2. Time separation between images is
givenin Table 2.

features on the photographs can be estimated from
the azimuth-annotated photographs (see the cali-
brated tracings in Fig. 13) if the distance to the
features is assumed to be about the same as the
distance to the tornado (although there is no reason to
believe that this is quantitatively correct). From these
calculations, the average speed of band 1’s move-
ment is 10.5 m s7', whereas that for band 2 is similar:
9.7 ms™'. Results of the photogrammetry are summa-
rizedin Table 2. Recall that all values are only accurate
to within roughly 15%, but the relative changes may be
somewhat more reliable than that.

Simply inspecting the photographs reveals that the
cloud band’s angular separation from the tornado is
decreasing, apparently the result of cloud dissipation
in response to an intensifying rear-flank downdraft (to
the right of the tornado in the figures). If the movement
of the cloud bands is, therefore, considered to be a
contribution to the tornado-relative flow contributed by
the rear-flank downdraft, then this might act to in-
crease the tangential flow speed as the downdraft
wraps around the tornado. Therefore, it is interesting
to note that shortly after these pictures were taken, the
tornado increased in both size and intensity, based on
the damage assessments. It is possible that the
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Fia. 14. Detailed map of the track for tornado 1. Photographer
locations are shown by the circled letters (A: J. Davies;B: K. Smith;
C1 and C2: D. Nelson; D: C. Berry and D. Graham; and E:
D. Alison) (see Table 1 for further details), with arrows indicating
roughly the direction toward which the photographs were taken.
Numbers shown along the tracks are F-scale ratings assigned by the
University of Chicago. Indicated along the path are the locations
of the cloud band evolution and funnel size transition described in
section 4.

evolution of the cloud band was a precursor to this
increase in tornado size and strength, although such
a conjecture cannot be validated with the available
information.

b. A size transition

Later in the life of tornado 1, as it continued to
approach Hesston, three photographers (D. Nelson,
D. Graham, and C. F. Berry) were photographing the
tornado from differentlocations (see Fig. 14 and Table
1) at nearly the same times during a size transition
phase. This permitted some photogrammetric esti-
mates of the change in funnel cloud diameter during
the transition. Although the photographers were not
necessarily ideally positioned for photogrammetry (i.e.,
at large angular separation), the geometry does per-
mit reasonably reliable computations.

Photogrammetry results are summarized in Table 3.
There are certain difficulties associated with this calcu-
lation since the width of the funnel cloud is notnecessar-
ily the same as the width of the damage path, and the
horizon obscures the lower portion of some of the
Berry photographs. Note that with two photographers,
itis possible to compute widths in three different ways:
1) use the image of photographer 1 for single-camera
photogrammetry based on the angular width of the
subject and its distance from the photographer, 2) use
the image of photographer 2 in the same single-camera
mode, or 3) use both photographer’simages tofindthe

Vol. 75, No. 6, June 1994



intersections of the rays defined by the
subject’s edges. The first two methods
will tend to underestimate the diameter
slightly, while the third method will tend
to overestimate the diameter slightly. In
the actualmeasurementsitcan be shown
that the errors associated with these
effects are quite negligible.

With the above caveats in mind, we
make the following analysis of the re-
sults. During the wide phase, the funnel
was roughly 440 m wide at the near-
ground level (Fig. 15). As the funnel
underwent apparent dissipation, the de-
bris “cloud” remained large (about 550
m, Fig. 16a). Later in the transition, a
funnel appeared in the interior of the
debris cloud (Fig. 16b), the latter of which
had a diameter of about 515 m. Finally,
with the transition complete, the funnel
was roughly 60 m wide at the ground
(Fig. 16c).

Given the evolution we have just de-
scribed, an implicit issue concerns
whether or not the observed process
actually represents the dissipation of the
tornado, followed by its “replacement” by
another, separate tornado. In this par-
ticular case, it appears that the damage
track is continuous and the disappear-
ance of the condensation funnel does
not constitute a dissipation of the tor-
nado. Nevertheless, since the tornado
funnel is not an objectbut a visible mani-
festation of a process, it must be con-
tinually renewing itself. is a temporary
lull in the renewal process(es) sufficient
to mark the “end” of the tornado or simply
afluctuation inintensity? Inthis case, the

TasLE 1. Photo (P) and video (V) contributors, in approximate chronological order,
with location information (all towns are in Kansas).

Contributor(s)

Locationinformation

Jon Davies (P)

Ken Smith (P)

Doug Nelson (P)

Chuck (C.F.) Berry (P)
and Duane Graham (P}

Bill and Nancy Hugie (V)
Dean Alison (V)

Peg Wieland (P)
Wendell Mains (P)

Beth Eason and
Bobbie Harris (P)

Nelson Dreier (V)

Nancy Franzen (P)
Olin and E. T. Harris (V)

Mike Schmidt (V)

Denise Bina (P)

2-3mi S of Sawyer, looking S. Also, 4mi N, /2mi
E of Kingman, looking NNE. Also, 1'/> mi S of
Pretty Prairie to N edge of Pretty Prairie, looking
NNE

1 mi E of Castleton, 2 mi W of Hwy K-17, looking
SW through SE

5 mi W of Hesston, looking SW. Also, 5miW, 1'/2
mi S of Hesston, looking SW through S. Also, 5mi
E, 4 mi N of Hesston (3 mi S of Goessel), looking
N

SW edge of Hesston, looking SW

W edge of Hesston, looking SW

1 mi SE of Hesston, looking NW

N-central Hesston, looking NE

NE edge of Hesston, looking NE

2 mi E of Hesston, looking WNW
2 /2 mi E of Hesston, looking W through NNE

6 mi E, 2'/a mi N of Hesston, looking WSW
through WNW

5mi E, 2/ mi N of Hesston, looking WSW
through N

3 mi S of Goessel, looking SSW

1 miE, 2"2miN of Pilsen, looking SW through NE

continuity of damage makes the issue clear, but it is
not hard to imagine a more ambiguous situation, as in
a tornado over open country with little to depict the
changing intensity. As we learn more about torna-
does, and atmospheric vortices in general, these
rather subtle issues become more apparent. The
decisions made in any particular event do affect such
topics as tornado climatology, so they should not be
made in ignorance; unfortunately, we typically do not
have sulfficient evidence even to ask the right ques-
tions, much less to provide unambiguous answers.

¢. An interaction between the Hesston and Goessel
tornadoes

Finally, as tornado 1 was shrinking and dissipating,
tornado 2 was developing nearby (approximately 1.5
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TasLE 2. Results of photogrammetric analysis of the mesocyclone-
associated cloud band, showing computed speed of band-end
motion, assuming the band end is at the same distance as the
average distance to the tornado during the interval between pictures.
The two different band ends are identified with arrows in Fig. 13.

Picture Bandend1 Band end 2 Time di:t‘;?l.ce
interval (ms) (ms) (s) (km)
6-7 8.5 5.6 15 4.86
7-8 15.1 135 24 462
89 117 8.5 35 426
9-10 49 - 53 3.72

‘ 10-11 143 — 39 3.19 B
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