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Figure 1. The Cheyenne Torrnado (Photo courtes,
Capt J. James, OL-A, 9 WS F.E. Warren AFB, WY).

1. Introduction.

At 2135Z on 16 July 1979 a tornado struck Cheyenne, Wyoming (Figure 1). The funnel
cloud developed over Francis E. Warren AFB, proceeded along the northern boundary of
the base and contlnued eastward into Cheyenne. It caused one fatality and over $40
million damage in the civilian community (Ostby and Wilson, 1980). Damage to Air
National Guard C-130s at the Cheyenne Airport totaled several million dollars,
(Figure 2).

One problem in forecasting such an occurrence is the lack of surface observations
and radar data in the sparsely populated regions of the west. Satellite data covers
a contlnuum of space, and the resolution of GOES imagery allows mesoscale analysis.
GOES satellite 1imagery 1s not dependent upon surface reporting stations or location
of radars. These data are available at 30 minute intervals to units with GOES or
WSFO taps. An analysis of the available GOES imagery from the afternoon of 16 July
suggests a technique for predicting the occurrence of severe convective weather.

Flgure 2. Wyoming ANG C-130 damaged by the
Tornado (Photo courtesy Capt J. James OL-A,
9 WS, F. E. Warren AFB, WY).
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2. Synoptlc Situation.

There was a high potentlal for severe convective weather over the high rlains of
southeastern Wyoming and northeastern Colorado on 16 July 1979. A shortwave trough
with weak to moderate PVA was evident at 500mb. A 90kt westerly jet at 200mbt was
over the area, providing a venting mechanism for deep convection. There was strong
thickness advection in the low levels, as well as high moisture content. The atmo-
sphere was condltionally unstable. Since no sounding was available over Cheyenne,
the exact vertical thermal structure is unknown. Analysis of surrounding sourdings,
however, indicates that a layer of warm dry air overlaid a cool moist layer near the
surface., This 1is a convectively unstable situation with the potential fo.  explosive
overturning. All the ingredlents for severe weather were present.

Since we began forecasting severe weather we have faced this limitation: We can
forecast areas of severe weather potentlal with considerable skill, but we are unable
to forecast the time and place of occurrence, until the thunderstorms develop and

can then be tracked by radar. We are unable to forecast tornado occurrence until one
is sighted, or a radar signature is observed. Then extrapolation of movement is used
to predict the path of the storm. Most base weather stations within Air Weather
Service will not issue a warning for severe convective weather elements until their
signatures are displayed upon a radar or untll reported by observation. The warning
lead time 1s dependent, therefore, on how far upstream in time and space the severe
weather signatures or elements are observed. Therefore, on days such as July 16,
even though there may be great potential for severe convective weather, poinrt warnings
are often not issued until the first occurrence of a severe weather element.

3. GOES TImagery.

At 16467 the satellite imagery (Figure 3) showed the first cumulus development, !
Casper, to the north of the Cheyenne area. The 17467 GOES picture (Fisure 4) zhowei
the first thunderstorm developing southwest of Laramie. Some small cumulus can be
seen developing over the Laramie Mountains between Laramie and Cheyenne. By 184€r
(Figure 5) a mature thunderstorm cell was located over Cheyenne with a second
mature c2ll just to the west. Two small cells in the building stage were located

to the north. The National Weather Service observation at the Cheyenne Airport in-
cluded thunder from 18267 to 1829Z. By 1946Z (Figure 6) a line of thunderstorm cells
extended from just south of the Colorado border to the area just south of Laramie,
then northeastward to Kimball, Nebraska. Cells were also developing north-to-scuth
along the ridgeline of the easternmost ranges of the Rockies. A large cluster of
these cells developed from the west-to-southwest of Laramie. This was the first
indication of organization of the cells into mesoscale convective systems. Hot-

also the two cloud clusters at point C and the small cell at point D.

The picture for 2016Z (Figure 7) shows the two large cells at C have remained

nearly stationary but have become better organized. The small cell at peint D Lnac
not grown appreciably but has moved rapidly to the northeast. The line to the rcuti-
east has remained stationary. The area of cells to the southwest of Laramie cor.-
tinued to grow. A recapitulation of events at this point would indicate that mceso-
scale cloud systems have grown and become organized while remaining auasi-ctationar.,
except for the somewhat intriguing movement of the one cell labelled D.

Figure 8 shows the situation at 2046Z. Cell D has developed dramaticall;, int:-
mature thunderstorm. Cells Cl and C2 have remained stationary while the line -7
(A) have moved to the southeast. The cloud mass southwest of Laramie, now choews
large distinct cells Bl and B2. B2 i1s beginning to merge with C1 and CO.
variation in movement between the cells would seem to indicate the convective 0.
action has developed into a mesoscale circulation system which dominated the o otr oo
ment of northeastern Colorado, southeastern Wyoming and the Nebraska rpanhanil-

The 21167 imagery (Figure 9) shows a dramatic departure. There are now {rur {00y
cells in the region. Two have persisted for several hours and nave obviowriy v et
aquasi-steady-state supercell status. Thése are cell D which has centinued to 1
eastward and cell A whilch has grown "fatter" and has lost its 1line app-arance, e
B2, C1 and C2 have merged and are now labelled merely C. Cells A ani B are tocstnnines
to merre, just to the west of Cheyenne. Practically the entire area between “azrer,
Wyoming and Denver, Colorado east to the Nebraska border 1s covered by thece four
thunderstorm clusters.

SR

By 21467 (Figure 10) <cells A and B have fully merged and C and D have berun tc merre,
The merped A and B cells extend east and west of Cheyenne. Figures 11, 12 and 13
show that by 2246Z the cells all have merged into one large group.




Figure 3. SMS - 2 Visual imagery
at 16467 shows first cumulus
development near Casper (A).
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Fipure 5, 8MS - 2 Visual
imagery at 18467. A
thunderstorm cell 1s over
Cheyenne (A). There is con-
siderable thunderstorm
development over the Laramie
mountains (B). Two small cells
are beginning to develop north
of Laramie (C).
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Figure 6. SMS - 2 Visual imagery
at 1946Z. The thunderstorms have

orranizad into a line from the
Colorado border to Kimball,
Nebraska (A). Another cluster
of cells is crowing over the
eastern slove of the Rockies (B).
The two small cells (C) from the
last picture have srown into
cloud clusters. Another small
cell has becun development (D).

Fieure 3. 0 - 2 Visual imagery

at CO44Z.  iine & has moved
clirhtly southeastward. Area B
soems to have differentiated into
two areas of ecells (Bl and B2).
B2 1s berinning to merge with

("1 and C2. llote the dramatic
development of cell D.
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! Firure 12. M0 - 2 Visual iragery at
‘ 22467, The two large cells anpear to
. be merglinge.

Figure 13. 3MS - 2 Vicual Tr.arery at
23467. The entive aren i covered
with thunderctorn civrus chieldsx.
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4. NMETSAT TImarery Torrondo Slenature.

The relatienshlp between mercioe cells on radar dicsplays and the occeurrence of
tornadeer have boen discucoed (oo, The Mt. Bucker Tornado (Miller, 1972)). A limi-
tation of satellite imarery 1o that the precinitation cells cannot he located, only
the cloud torn are vistible. Even oo, close analycis of these data fndlcate that twe
arse thunderstorns mer-ed over the Cheyenne aren at the time of the ternzde occur-
rence. Murthermore, the tmarsery indicates the interaction of the cells during the
development of this laree convective syste:a. Turdom (1979) demonstrated the primary
imrortance of convective scale internction In the ovolutlion of deep cornvecetion.

This indicates that carcrul qanalyosis and met wateh of these 065D data by 2 tralned
forecaster could have vrovided strony indication of vevere thunderctorm activity mores
than an hour before the tornadoe occurrence, Turthermore, 19 minutes before tornado

ocecurrence, there wars indication of merging cell.; a tornado "slhinature™,

5. Leed For OED It

SoerV.

Radar data would rrovide a complete analycis of such oceurrence.  METSAT
imagery 15 not a aubotitut: Mo addar. Rather, the twe orstems are complonentary.
Purdom (1279) stat.

4
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