
THE CHEYENNE TORNADOI A METSAT CASE STUDY,(U)
MJAR So i C ST. JOHN

UNCLASSIFIED 31MN/TN-80/003 N

UmhEE~EEEEE

*ND

5'70



~,IjrjWWITNm8O/OO3

LLVN
TME CZ EA WT TOIA'ADO: A4 METUTd

JAMES C. ST JOHN, CAPTAIN, UJSAF ~ rc

THIRD WEATHER WING

OFFLJTT AFB, NEBRASKA 68113

IF MARCH 27,1980

APPROVED FOR PUBLIC RELEASE.

DISTRIBUTION UNL IMITED

CL.

LLJ

3d Weather Wing

Of tt AFB,Nebraska 68113

-.0 4 210o51



r

This report approved for public release. There is no objection
to unlimited distribution of this report to the public at
large, or by DDC to the National Technical Information Service
(NTIS).

This technical report has been reviewed and is approved for
publication.

FOR THE COMMANDER

DANIEL R. GORNELL, Lt Col, USAF
Chief, Aerospace Sciences Division

!/- 1



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE ("en Date Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

"2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

' 3' JW/N..80/003
-4. TITLE (and Subtitle) 5. 'YPE OF REPORT & PERIOD COVERED

The Cheyenne Tornado; A METSAT Case Study
6. PERFORMING ORG. REPORT NUMBEP

7. AU THOR(*) S. CONTRACT CR GRANT NUMBER(s,

JAMES C./ST. JOHN/ Capt

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10 PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

3d Weather Wing, Aerospace Sciences
Division, Offutt AFB, Nebraska 68113

*~~~ II. CONTROLLING OFFICE NAME AND ADDRESS /12. REPO*T A---'

-~Mar W80
(Same as item 9) . -12a.- *uME~R Or ~~~

14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY C-LASS.'-of this report)

(Same as item 9) 1 Unclassified
15a. DECLASSIFICATION DOWNGRADING

SCHEDULE

*" - 16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release: distribution unlimited

* -I

17 DISTRIBUTION STATEMENT (of the abstrat ent-red In Block 20, it different from Report)

NA

18. SUPPLEMENTARY NOTES

NA

19. KEY WORDS (Continue on reverse side ii necessary and identify by block number)

METSAT
TORNADO
Severe Convective Weather
Meso-scale
Visual Imagery

20. ABSTRACT (Continue on reverse side If necessary and identify by block number)

-This Technical Note describes the Meteorological Satellite (METSAT imagery, of
the thunderstorm outbreak, which produced the Cheyenne, Wyoming tornado. It
discusses METSAT Imagery signatures for severe weather and the application of
METSAT Imagery in providing weather support to certain Air Force operations.,

DD IJN7 1473 EDITION OF I NOV 6S IS OBSOLETE Unclassified

NSECURITY CLASSIFICATION OF THIS PAGE (%%en Data Entered)

c, -o 
_9



ACKNOWLEDGEMENTS

I would like to thank CMSgt Eugene M. Weber for sharing his
knowledge of the mechanics of producing technical publi-
cations. I would also like to thank Sgt Farley of 3 WW/DH.1
and TSgt Jarlett of the Offutt AFB photo lab for their help
with the graphics in this study, and Major Henry A. King ITT
for his editorial help. Special thanks go to Mrs. Diane
Brooks for her typing skills.

" i



TABLE OF CONTENTS

Page

List of Illustrations.....................ii

jIntroduction .. .. .. .. .. .. .. ... .. .. .... 1

Synoptic Situation ....................... 2

GOES Imagery...........................2

4 METSAT Imagery Tornado Signature ................. 7

* Need For GOES Imagery.....................7

Conclusion............................7



1

LIST OF ILLUSTRATIONS

Figures Page

1. The Cheyenne Tornado ......... .................. 1

2. Damage to ANG C-130 ......... ................... 1

*3. SMS - 2 Visual Imagery, 1646Z 16 July 1979.......3

I 4. SMS - 2 Visual Imagery, 1746Z 16 July 1979 ... ....... 3

5. SMS - 2 Visual Imagery, 1 846Z 16 July 1979 ... ....... 3

6 6. SMS - 2 Visual Imagery, 1946Z 16 July 1979 ....... .. 4

7. SMS - 2 Visual Imagery, 2016Z 16 July 1979 ... ....... 4

8. SMS - 2 Visual Imagery, 2046Z 16 July 1979 ... ....... 4

90. SMS - 2 Visual Imagery, 2146Z 16 July 1979 . ....... 5

10. SMS - 2 Visual Imagery, 2116Z 16 July 1979 ... ....... 5

11. SMS - 2 Visual Imagery, 2246Z 16 July 1979 . ...... .

13. SMS - 2 Visual Imagery, 2346Z 16 July 1979 . ....... 6

--. 13. SMS - 2 Visual Imagery, 2346Z 16 July 1979...............

11

Iii



* I

Figure 1. The Cheyenne Tornado (Photo courtes

Capt J. James, OL-A, 9 WS F.E. Warren APB, 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 continued 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
IN and radar data in the sparsely populated regions of the west. Satellite data covers

a continuum of space, and the resolution of GOES imagery allows mesoscale analysis.
GOES satellite imagery is 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.

I M

Figure 2. Wyoming ANI 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. Synoptic Situatio,,.

There was a high potential for severe convective weather over the high Tlains 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 200mb 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 conditionally unstable. Since no sounding was available over Cheyenne,
the exact vertical thermal structure is unknown. Analysis of surrounding soundings,
however, indicates that a layer of warm dry air overlaid a cool moist layer near the
surface. This is a convectively unstable situation with the potential fo. explosive
overturning. All the ingredients for severe weather were present.

Since we began forecasting severe weather we have faced this limitation: We can
forecast areas of severe weather potential 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 until reported by observation. The warning
lead time is 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, point warnings
are often not issued until the first occurrence of a severe weather element.

3. GOES Imagery.

At 1646Z the satellite imagery (Figure 3) showed the first cumulus dtvelopment, near
Casper, to the north of the Cheyenne area. The 1746Z GOES picture (Ficure 4 ) sihow.-
the first thunderstorm developing southwest of Laramie. Some small cumulus can be
seen developing over the Laramie Mountains between Laramie and Cheyenne. By 18r67
(Figure 5) a mature thunderstorm cell was located over Cheyenne with a second
mature cell just to the west. Two small cells in the building stage were locatedi
to the north. The National Weather Service observation at the Cheyenne Airport in-
cluded thunder from 1826Z to 1829Z. By 1946Z (Figure 6) a line of thunderstorm cell,

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. ,ot-
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 point D
not grown appreciably but has moved rapidly to the northeast. The line to the scu.-
east has remained stationary. The area of cells to the southwest of Laramle coi-
tinued to grow. A recapitu~ation of events at this point would indicate that nts-
scale cloud systems have grown and become organized while remaining rnasi-.trt.!nery,
except for the somewhat intriguing movement of the one cell labelled D.

Figure 8 shows the situation at 2046Z. Cell D has developed dramaticallyj !it
mature thunderstorm. Cells Cl and C2 have remained stationary while the Ilne "
(A) have moved to the southeast. The cloud mass southwest of Laramle, r 1.'. .
large distinct cells BI and B2. B2 is beginning to merge w1th C] aid C?.
variation in movement between the cells would seem to indicate tht, ccnvect>.:"
action has developed into a mesoscale circulation system which dnclnated '- :-
ment of northeastern Colorado, southeastern Wyoming and the Nebraska ratc~art. i.

The 2116Z imagery (Figure 9) shows a dramatic departure. There are :.-w fr 'r
cells in the region. Two have persisted for several hours and hav ,- ob,
quasi-steady-state supercell status. These are cell D which has continued 
eastward and cell A which has grown "fatter" and has lost Its line ap._-aran'.. .
B2, Cl and C2 have merged and are now labelled merely C. Cells A ani P ar -
to merge, just to the west of Cheyenne. Practically the entire area between a!.r,
Wyoming and Denver, Colorado east to the Nebraska border is covered Lv the.-e fcir
thunderstorm clusters.

By 2146Z (Figure 10) cells A and B have fully merged and C and D have begun to 'eroe.
The merged A and B cells extend east and west of Cheyenne. Figures 11, 1' and 1'
show that by 2246Z the cells all have merged into one large group.
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Figure 3. SMS - 2 Visual imagery
at 1646Z shows f'irst cumulus
development near Casper (A).
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are beginning to develop north
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Figure 6. SMS 2 Visual imagery
at 1946--. The thunderstorms have
or~ranized into a line from the

* Colorado border to Kimball,
Nebraska (A). Another cluster
of cells is rrowinf- over the
eastern slope or the Rockies (B).
The two small cells (C) from theC
last picture have rrown into
cloud clusters. Another small
cell has berun development (D).5.
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