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Appendix A
GLOSSARY OF SELECTED TERMS

Adiabalic Chart. Any thermodynamic disgram
plotting temperature against either log p or p”. 244
and containing dry adiabats, either saturation or
peeudo-adiabats, and saturation mixing-ratio
curyes.

Autoconvection, If the lapse exceeds 3.4°C/100 m,
density increases with height and the layers will
over-turn spontaneously. This situation arises in
shallow layers due to surface heating and also
develops aloft due to evaporative cooling of virga
and hydrometeors into dry air. Such overturning,
without other trigger action, is called
"autoconvection."'

Bubble; Bubble High. 1\ frequently happens that
precipitation and vertical currents associated
with thunderstorms induce small anticyclones
(i.e., shallow domes of cooled air) causing slightly
higher pressure, complete with clockwise
vireulation, of the order of 50 to 300 miles across,
These transitory small highs have the effect of a
different air mass and unstable air overrunning
them may form squall lines on their leading edge.
Such cells are called "hubbles"

Chinuok. In the western United States, a foehn
wind is commonly called “Chinock,'* after an
Indian tribe of the northwest,

Convective Condensation Level, abbreviated
“OCL.'" If surface air is heated from below until
adiabatic ascent brings it to saturation, the laval
at which this occurs is called the “Convective
Condensation Level.”” This may be found on an
adiabatic chart by starting at the mean mixing
ratio of the surface moist layer (or lowest 150 mb,
whichever i3 most representative) and ascending
this constant mixing ratio line te its intersection
with the sounding. This point is at the Convective
andensaliun Lave],

X

Convection Temperature. The surface
temperature that must be reached to initiate
convective currents that will extend high enough
to reach saturation. The convection temperature
is found on an adiabatic chart by ascending from
the mean dew point to the moist layer along the
mixing ratic curve to the sounding, then
descending along the dry adiabat to the surface
pressure,

Convergence, IWhen streamlines approach each
other, the region is said to exhibit “confluence.’
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When wind speeds diminish downstream, "Speed
convergence'’ is indicated. Both are usually
indicative of mass convergence.

Cross Totals Index. The 500-mb dry-bulb
temperature subtracted from the 850-mb dew
point,

Destructive local storm, abbreviated " DLS. " DLS
comprise tornadoes, hail, and thunderstorm gusts
aver 50 knots at the asurface.

Dew-Point Index. The difference between the 500.
mb temperature and the mean dew point of the
moist laver raised along a pseudoadiabat to 500
mb, This index varies less with diurnal surface
heating than the Stability Index.

Diffluence. The rate at which adjneent flow is
diverging along an axis orientad normal Lo the
flow.

Divergence. Regions wherein streamlines diverge
are said to exhibit "diffluence,'’ Wherever wind
speeds incrense downstream, “speed divergence''
ig indicated. Both are usually indicative of mass
divergence.

Downrush. The strong downward-flowing  air
currents associated with thunderstorms,

Downrush Temperature, The temperature found
by lowering the Wet-Bulb-Zere down a
pseudoadiabat Lo the surface pressure. This
closely approximates the temperalure of
downrush currents in thunderstorms when they
reach the surface.

Dry. Air is considered wvery dry il its relalive
humidity does not exceed 50 percent, Air is
considered moist if its relative humidity is not less
than 65 percent. Intermediate values of relative
humidity are moderately moist.

Dry Instabiiity Index. The difference between the
surface lemparature raised along & pseudoadiabat
to 600 mb and the sounding at 600 mb. If an
inversion exists below 600 mb such that the
temperature raised from its top would give a
larger index, then this latter value 18 used.

Eguaiorind Air. An air mass that invades the Gulf
Coast region from time to time. It has very high
temperature and high moisture content. It is
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nsually conditionally and convectively unstable,
without a significant inversion or dry layer.

Foehn, A warm, dry wind that descends the
leeward side of mountain ranges. Tts
characteristics are the result of forced ascent,
during which it absorbs the heat of condensation
of ils moisture, then descent, during which it
warme at the dry adiabatic rate ("Chinook'' of
the northwest United States).

Front. A surface, line, or zone where one or imore
melenrological elements vary rather abruptly; a
“discontinuity."" The primary AFGWC criterion
for the identification of a front is it usefulness in
forecasting rather than any set of objective
criteria,

Gust. A sudden briefl increase in wind speed.
Particularly, the gusts associated with the violent
downrush that comes out of the base of a
thunderstorm and spreads out horizontally at the
aurface,

Hadl,  Precipitution in the form of iee. In
forecagting, it ie assumed that hailstones are
spherical and the size is given as the dinmeter in
inches.

Height, As used by Lthe AFGWC, heights are those
measured on an adiabatic chart, either simply by
noting Lhe pressure, or by applying the "ICAO
Standard Atmosphere Altitude” scale from the
surface pressure upward, For example, the Level
of Free Convection may be noted at 650 mb, the
depth of the moist layer 3,000 feet, and the wet-
bulb freezing level at 8,200 feet. The last two
would be determined from the surface pressure
without correction for lemperslure,

Humidity,. Three measures of humidity are
commonly used, according to the purpose:

1. Relative humidity is used in determining
whether air is gaturated or unsaturated, and the
amount of moisture relative to saturation. Air is
considered “maoist’" if ils relative humidity is 65
percent or more, “dry"” if i3 humidity iz 65
percent or less, and “very dry"” if its relative
humidity is 50 percent or less.

2, Mixing ratio is used as 2 measure of the
absolute amount of water vapor available

3. Dew point in severe-weather forecasting
is used at the surface only, purely as a matter of
convenience, due to its being the only measure of
humidity that is reported. Tt must be compared
with the temperature to determine the moistness
or dryness of the air and must be compared with
the pressure to determine the amount of water
vapor available.

fastability, The term “potential’’ is uszed in
AW to describe all forms of instability that
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reguire an activating mechanism for realization.
Thus, “potential instability’ includes latent
instability, convective instability, conditional
instability, -and even stable situations that are
forecast to become unstable due to anlicipated
changes. Ususally when “instability'' is mentioned,
“potential’’ is understood, as indicated by one of
the wvarious indexes (Showaller, Lifted, Tolals,
ete.). It is believed that absolute instability occurs
in the natural atmosphere though it may be
temporary, and the superadiabatic lapse rates
reported in radiosonde observations are often
significant.  Mechanical instability, leading to
auteconvection, exists when the lapse rate exceeds
about 10°C/1,000 feet. [t is believed this situation
arises not only in a shallow surface layer on hot
days, bul also in the upper air when precipitation
falls into and rapidly evaporates within a dry
layer.

lsotach Line of equal wind speed,

Lifted Index. Measure of potential instability
computed by lifting the mean moisture in the
lower 3,000 feet of the atmosphere moist
adiabatically to 500 mb and subtracting the
temperature at this point from the reported 500-
mb free-nir temperature.

Lewed af Free Convection is the level at which a
parcel of air lifted dry-adiabatically until
suturated; and saturation-adiabatically
thereafter; would first become warmer than its
surroundings, in ‘a conditionally unstable
almosphere, Found al the pressure leval whers the
mean wet-bulb temperature of the maoist layer,
raised along a pscudeadiabat, first intersects the
sounding.

Mean: Average. Usually taken as the arithmetic
mean, i.¢., the guotient of the sum of & set of
values divided by the number of values in the sst,
In severe-weather forecasting, the mean is usually
estimated by eve (e.g., the mean dew point of the
muoist layer iz normally the dew point ia the
middle of the moist laver, assuming a linear dew-
point laps rate).

Mesoscale. That scale of atmospheric motiongrsf
characteristic dimensions oo small o remain
readily identifiable on the macrescale synoptic
maps. Results of mescanalysis reveal systems
which have definite order, pattern, and
chronological continuity such as mesohighs and
mesolows.

Saturation Adiabat. Commonly used for
pseudoadiabat, or whatever curve sppedring on
an adiabatic chart to indicate the lapse rate with
upward motion of saturated air (used synono-
mously with "moist adiabat'").

A—12



May 1972

Sepere Weather Threat (SWEAT) Index. An
empirically-derived index used to specify and
predict arcas of potentially =evere convective
weather.

Shear. The difference in wind velocity between
two contiguous air currents generally measured to
the righl of the jet or maximum wind axis.

Showalter Stahility Tndex. The difference
between the 500-mb temperature and the wet-
bulb temperature of the 850-mb level raised along
a peeudoadiabat to 500 mb.

Significant Maoisture. A G-degree or less
temperature dew-point spread al any level, or a
dew point of -17°C or warmer at 500 mb, or 0°C or
warimer at 7(M-mh

Smoathing, The p ocess of eliminating
insignificant or wnimportant irregularities in
isolines of a parameter analyzed on o map or
diagram (usually done by eye in ardinary wenther
analyses). In severe-weather forecasting,
irregularities are of the greatest importance,
smoothing i minimied,

Srorm, Short for thunderstorm; or area of thun
derstorms und associated severe phenomena, hail,
strong gusts, and tornadoes. These are local in
pature in contrast to extensive frontal systems
and huorricanes,

Streamline. A curve whose direction al every
point coincides with the instantaneous direction
of the wind. Not to be confused with paths or
trajectories. Streamlines show I'Lhi:_ synoptic
pattern of the wind direction, which is usually
gimilar to, but not identical with the pressure
pattern.

Structure of the Atmosphere. Vertical distribution
of the magnitudes of temperature, humidity, and
stabilivy of a representative air column or parts
thereof.

Surge. A relatively sudden and vigorous
movement, of an air mass, or an air-mass
property, in some particular direction. Also used
for pressure increases not explained by the more
usual meteorological patterns.
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Thunderstorm., A cumulonimbus cloud that
produces thunder andior lightning, sometimes
hail, gusts, and tornadoes; set off by convergence,
frontal activity, ovographic lift, or surface
ronvertion.

Tornado. Any destructive wind gusi or whirl
associated with a pendant funnel or tubular cloud
of very limited horizontal extent (when over
water, a waterspout).

Total Totals Index, The sum of the Vertical and
Cross Total Indexes,

Uprush. The updraft in o thunderstorm. Tha
speed of the ascending current in a thunderstorm
has never been measured directly, but may be
estimated from the size of hail produced und from
study of a sounding representative of the air
producing the thunderstorm.

Vertiead  Totwls  Tndex, The G00-mb  dry-bulb
temperature subtracted from the 850-mb dry-bull
lemperature,

Watersponut, A tornado over woter.

Wet-Bulh Temperature, No distinction is made
between the wet-bulb temperature, which is the
lowest lemperature W which a sumple of air may
be cooled by isobaric evaparation of water into it,
and the pscudo-wet-bulb temperature, which is
that of s parcel raived dry adiabatieally to
saturation, then returned pseudoadiabatically to
its original pressure. The wet-bulb temperature
curse, actually the pseudo-wet-hulb temperatore
curve, is used to a great extent in severe-weather
forecasting.

Wet Bulb Zero. The height in the environment
sounding of the wet-bulb at the intersection of the
A2°F (0°C) izotherm on the adiabatic chare, It is
assumed that this 15 an indication of the height of
the freezing level, in a4 storm column, that might
develap in the air mass.

Wind The horizonlal component of air motion
over the surface of the earth.
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Appendix B

THE SEVERE-WEATHER SITUATIONS
3 AND 4 DECEMBER 1964

SECTION A—GENERAL

The Vertical and Cross Totals were analyzed
for 2-degree intervals on Figure 54. The barbed
inolines represent Cross Totals (CT) beginning
with a value of 18, and were drawn with regard
for the moisture influx and low-level wind flow
Thus, the area of maximum CT over northwest
Louisiana extended to the ENE in the strong low-
level wind flow (shown by solid black arrows)
curving from the western Gull toward Nashville,
Although the 18-CT line enclosed a rather large
area, the significant 500-mb moisture (depicted by
cross-hatching) was limited over much of the map,
and little probability existed that middle-level
modsture would be advected inte Georgia,
Alabama, and South Carolina during the
following 18 hours. It was more likely that any
thunderstorm cccurring over these sections during
the forecast perisd would consist of the remnants
of activity forming over the very unstable areas in
Arkansas and Louisiana. Since this was an early
evening chart, additional surface heating could
not be expected to influence thunderstorm
development, and the cccurrence of activity would
he associated with other significant features at
the surface and aloft.

SECTION B—FAVYORABLE FACTORS

In the unstable aree of the Cross Totals
analysis extending from Fort Worth to Nashville
and southward inte southeast Lowisiana there
were several significant factors favorable for
severe weather.

a. The air mass was very unstable,

b. The air mass was likely to be lifted over
a warm-frontal boundary extending from south of
Oklahoma City to between Shreveport and Little
Rock, on toward the northeast of Jackson,
Mississippi.

c. Speed and directional convergence were
evident in the low-level wind field — for example,
between Little Rock and Nashville and between
Shreveport and Little lock Also, there was a
etrong low-level jet (shown by solid black arrow)
over Shreveport.

d. A weak wave at 500 mb was located
along a Midland, Texas-Oklahoma City axis. This
wave caused a significant-mnisture tongoe at 500
mb, which indicated that considerable vertical
motion and positive vorticity advection was
moving toward the area of greatest instability.

B—I

a. Dryer and much warmer low-laval air
was evident by the 850-mb dry-line symbols to the
southwest of the threat area. This dry-line
orientation resulted in a strong moisture and
temperature gradient nearly perpendicular to the
low-level flow from Houston toward Shreveport.
This moisture and temperature contrast is one of

the basic ingredients of a severe-weather
outhreak.
f. A well-defined mid-level jet was apparent

from Midland through southern Arkansas and
into eastern Tenncssee. Jets of this type are
conducive to severe-weather development and
indicate a preferred zone for significant vertical
moLion,

SECTION C-STABILITY INFLUENCES

The static CT's and VT's indicated
considerable thunderstorm activity throughout
the area bounded by the 20-C1 isopleth, However,
for the farecast to be worthwhile, the area had to
be reduced. An examination of the VT's (the
small erossed circles) showed that they were muosl
signficant in the dry air over routh central Texas
on an axis through Shreveport to Nashville. This
axis lay along the mid-level shear, and a Total
Totals area of 50 to 52 was present over northeast
Texas, northwest Louisiana and southern
Arkansas.

SECTION D—SEVERE-
WEATHER FORECAST

It was unlikely that the Vertical Totals
would incresse south of northern Louisiana or
north of southern Tennesses since the time of day
prevented any addition of heat to the lower level,
and cold-air advection alofl appeared to be
improbable south of a line from Shraveporl lo
Chatianooga. Therefore, the resulting forecast
called for a heavy thunderstorm area along an
axis from near Memphis to just east of Nashville,
and a severe area from northeast U'exas toward
Memphis.

Since the major crieria for tornadic activity
had been or would be reached within the next few
hours in the area around Shreveport, tornadoes
were forecast for a point near Tyler, Texas to
near Eldorado, Arkansas. Alsa, light
thunderstorms  appeared  most probable over
the remainder of Louisiana and eastward
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ing Cress Totaly, lew-lavel wind How, significant 500-mb
maisture, and achivity during the peried 030000 18 DITI00Z.
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into Mississippi during the forecast period. These
gcattered thunderstorms were not likely to
develop in & haphazard fashion over the area
gince the middle and upper levels were quite dry.
Development was expected Lo spread ahead of the
outbreak from the northwest and west. Condilions
over much of the Florida pemisula were quite
favorable for convective thunderstorms, but no
additional low-level heating would he available.
Thus, it was unlikely that isolated activity would
occur, but if it should, it would be confined to the
constal waters of southern and southeastern
Flurida.

SECTION E—ANALYSIS OF SITUATION
ON 3 DECEMBER 1964

Heavy thunderstorms developed rapidly near
02002 within a 50-mile radius of Shreveport and
two tornadoes were sighted. One tornado was
sighted 30 miles northeast of Shreveport at 03007
and another 25 miles north of Shreveport at
03307, Thunderstorms spread cast and northeast
{ns shown m Figure 55) with hail reported in
southern Arkansas and heavy thunderstorm
activity in  eentral Tennessee. Activity over
I'lorida was confined to a few lightning reports
during the night at Kéy West. The severe
thunderstorms formed wand moved in clusters
without an organized squall line developing —
typical of a Type A synoptic pattern. The
importance of the intersecting low-level jet and
the middle-level shear zone was illustrated in this
situalion since the most intense outbreak occurred
at this intersection. A study of the area within o
50-mile radius of Shreveport a few hours prior to
severe development, revealed that the synoptic
features required (or violent thunderstorms were
concentrated in that area. That is:

g. The air mass was critically unstable with
a Crosg Total of 26, Vertical Total of 26, Total
Total of 52, and Lifted Index of -6

b. Low-level moisture was concentrated ina
rather finite area.

¢. 'The area was traversed by a sirong low-
level jet.

d. The area was directly south of a marked
middle-level jet.

e. The low-level jot intersected this middle.
level wind band within i threat area

f ‘There was 3 steep moisiure and tem-
peralure gradient to the southwest of the threat
area and a low-level wind was blowing across this
gradient.

g. The degree of instability was increasing
since low-level warm wair was running
northeastward under progressively colder air at
500 mb.

h. There was evidence of significant positive
vorticity advection into the threat area as seen by
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the 500-mb moisture over Oklahoma and
Morthern Texas.

It is often the case with Type A synoptic
patterns that a low-level dry influx from the
southwest aids triggering. In this situation the
thunderstorm outhreak continued eastward
during the night, but abated in intensity as a
result of mixing, which diffused the sharp
boundary betwesn the moist and dry air,

SECTION F—DIFFERENCES IN THFE
PATTERNS

At 031200Z it was evident that another
severe-weather situation was possible (Figures 56
and 57). The primary difference between the
patterns on esch of the two days was thal on the
second day the approach of a much stronger 500-
mb short-wave trough through western Oklahoma
and west central Texas was evident and was
associated with a  pronogunced north-south
maritime polar front. This upper-air feature was
to be the lust short wave in the series, and
indications were that the whole syslem would
push south and cast out of the country in the next
24 1o 36 hours. The general stability pattern was
quite similar to the previous day with con.
siderable potential inswbility evident as far
west as the Fort Worth-Dallas area where Tolal
Totals of 52 to 56 were present. With the
maritime polar outhreak approaching a line from
Fort Worth to San Antonio to Laredo, eareful and
immedinte attention should have been given on
the second day to the area around Fort Worth
and Dallas. This ares under these conditions was
a goud example of the Type B tornado situation
with dryer and warmer air to the southwest of the
threat area, and strong low-level flow across this
boundary. (The first day was a Type A pattern,)
Also, there was an intersecting frontal system
moving from the west Since the developing low-
level jet lay to the east of the Fort Worlth-Dallas
area, and the mid-level jet had become less well-
defined, the possibility of tornadoes was remote
but serious consideration was given Lo the
possibility of wind and/or hail.

Wind did not appear to be a serivus prohlem
for the second day since the thunderstorms that
developed shortly afler 12007 were all located
over the cold surface layer north of the surface
warm front position. Thus, Lhe downrush
differential would nol be especially effective.
Also, there was not much chance of developing a
localized mesoanticyelone or bubble since the.
layer near the surface was already cooler than
could be realized from the downrush air. Nor
mally this area would be preferred for hail
occurrences but i this instance two conditions
were working against it:

B—3
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a. Time of day; and

b. The wetness of the air column.
Extrapolation of the dry air in the middle and
lower levels indicated that the important second
condition would not be changed before activity
moved further eastward. Since the outleck had
forecast scattered thunderstorms for south central
and southeast Oklahoma, and north central
Texas during the morning, no amendment was
issued. By 1500Z scattered thunderstorms
accompanied by heavy rain formed a well-defined
squall line extending from jusl south of Tulsa,
Oklahoma through Sherman, Texas to 30 miles
southwest of Dallas. This lire was just ahead of
the maritime polar front and north of the dry 850-
mb boundary, No winds or hail were reported
until the squall line reached the Fort Smith-
Texarkana-Lufkin line later that alternoon,

The forecast for the 1800Z outlook was
simplified since an active squall line wos already
in existence. The area of primary concern again
appeared to  be in southern Arkansas and
northern Louisiana, since most parameters
previously mentioned as necessary for severe
activity were forecasl Lo converge in  that
particular zone, The low-level jet appesred Lo he
developing along the San Antonio-Shreveport-
Nashville line with the only change likely to be a
shift castward of the maritime polar front. The
front and squall-line forecast movement indicated
that the low-lavel jet should back slightly and
move into a position over Lake Charles, through
Maonroe, Louisiana and northward toward
Memphis by evening. The deyer warmer air to the
southwest of the area was expected to persist until
pinched off by the maritime polar front, which
would permit a cross-gradient flow to continue
into Louisiana and southern Arkansas. Stability
was forecast Lo decrease over these areas since
significantly warmer low-level nir would be
advected inte the area while the 30f-mhb
temperature field would remain essentially
unchanged. The middle-level jet, while not well-
defined, seemed to be trving to orpganize itself
along the Midland-Forlt Worth-Nashville line.
The short wave at 500 mhb continued ENE
preating a strong vertical-motion field over the
threat area during the late afternoon and
evening. With these considerations, it seemed
reasonable to forecast severe thunderstorms and a
tew tornadees along an axis from Lufkin, Texas
to near Greenville, Miss, This axis fits the region
of climatological tornado maximum for December
for this area.

A second area of high climatic freguencies for
December tornadoes is near Houston, This is of
particular interest since the Houston area on this
date is very close to the boundary of the warm dry
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air and the moist air to the east. Extrapolation of
the syuall line placed the hot-dry boundary by
lata afternoon in the vicinity of Houston, where a
Total Totals of at least 52 was expectad. Also, if
the middle-level jet formed along the predicted
axig, it was probable that the 500-mb shear zone
would lie further south along the Houston-Laka
Charles line. Thus, the southwest portion of the
tornado area included Houston and curved
castward toward Alexandria, Louisiana. The
warm dry air in the lower levels over southeast
Louisiana did not appear significant at this time,
but required consideration since the low-level jet
was expacted to shifl eastward and since more
moist and cooler low-level and middle-leval air
was present pnorth of the area,

SECTION G—ANALYSIS OF SITUATION
OF 4 DECEMRER 1964

The Total Totals just north of the surface
warm [ront were observed Lo be near 47 in Lhe
morning. The 18-Cross Total line coverad a larga
torritory, but the absence of 26 or even 24 Vertical
Totals over much of this area appreciably
reduced the thundérstorm probabilities. Thus,
much of the area can be eliminated from
congideration except for western and southern
Alabama, southern Georgia, the Carolinas, and
Virginia. It was unlikely that any major change in
stability would occur over these areas during the
12-hour outlook period. Also, it was unlikely that
thunderstorms from the west would spread into
these sections helore OBONZ,

Along the Gulf Const through southern
Georgia and northern Florida (Figure 54), the
Vertical Totals were favorable for convective
activity but 700-mb and 300-mb moisture waos
lacking. It was discussed in Chapter 8 that whan
this region had dry air aloft, activity was not
necessarily prohibited, but that development was
restricted to widely seatterad cells. Further south,
over southern Florida, upper-level moisture was
availabile, hence sedllersd thunderstorms wers
forecast. [solated thundersiorms were not forecast
along the Gulf Coast and over northern Florida,
but should have been in view of the Total Totals
of 46 to 30 over much of this area. Thunderstorms
did occur as shown on Figure 54. Further west
heavy Lthunderstorms were f(orecast through
southern Arkansas into wesiern and northern
Mississippi, and through Louisians and east
Texaz — surrounding the tornada and severe
thunderstorm area previously mentioned.

The position of the squall line by 21007 was
from 100 miles north of Little Rock to Texarkana
to just east of Houston, Heavy activily was
reported along the line with strong gusty winds,
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heavy rain and hail southwest of Texarkana, west
of Shreveport, and in the vicinity of Lufkin, Texas.
& tornado was observed (near 1900Z) four miles
north of Ellington AFB, Houston, while the air
base reported thunder and wind gusts to 32 knots.
Tornadoes were reported between 2200 and
2300Z forty to seventy miles ESE of Shreveport,
and at 02002 in the vicinity of Alexandria. Also,
heavy thunderstorms were reported near Mem-
phis during the evening with the last reported at
Anniston, Alabama about 0800Z. By 0600Z the
thunderstorms had spread to near the Nashville,
Tennessee-Burwood, Louisiana line, and had
continued eastward nhead of the frontal system
during the night and next morning

An unforecast tornado was reported north-
west of Gulfport, Mississippi at 2100Z. This sturm
was associated with a group of isolated convective
cells, The occurrence of this storm is an important
clue since the post-analysis of the 0000Z datu
disclosed that the tornado most likely occurred in
conjunction with the primary low-level jet just
north of the hot/dry 850-mb warm front, in an
arca of increasing instahbility, and in the vicinity
of the middle-level wind shear to the south of the
jet,

An examination of the next chart, 040000Z,
confirmed the predicted changes in the 0312002
pattern. The marilime polar front extended from
just past Shreveport to east of Galveston. The hot
dry air had been modified and cut off by the
ndvancing fronlt which helped 1o explain the
cessation of tornadic activity after thet reported

May 1972

near Alexandria at 0401007, The low-lavel jet
had shifted eastward with the main branch
almost north-south throwugh Louisiana and
Mississippi and another branch from the
southwest over Lake Charles then toward Alex-
andria. The middle-level jet developed and was
well-defined from Midland through Texarkana to
Naghvilles The middle-level shear zone was from
south of San Antonio Lo Lake Charles Lo Jeckson,
Mississippi and on toward Montgomery,
Alabama. It should be noted that the Alexandria
report was in close proximily (o the intersection of
the southwesterly low-lavel jat with the shear
zone, and was in an area of well-defined low-leval
convergence. The isolated tornado northwest of
Gulfport occurred very close to the intersection of
the low-level jet and the edge of the middle-level
shear zone. Also, the activity around Memphis
and Jackson, Tennesses was naar the intersection
of the main low-level jet and 500-mb jet.

The d42Z-knot thunderstorm report after
midnight in the Anniston, Alabama area was near
the shear zone and il seamad likely that the low-
level jet had shifted eastward by this time to
cover the Anniston area. In fact, the low-level
winds lor 06007 showed that Montgomery's wind
had increased to 45 knots from the S5W at 400
feet. No further reports of significant weather
were received afar this report probably bacause
there was an increase of stability in the air mass
ahead of the system. Also, the cold air aloft
developed a more northerly track, and the low-
level and middle-level dry sources were overtaken
by the squall line or cut off by the cold front.
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Appendix C
THE SEVERE STORMS OF 11 FEBRUARY 1965

SECTION A—GENERAL

On 11 February 1965 a major outbreak of
severe thunderstorms, tornadoes and damaging
windstorms occurred over a 14-hour period along
a line extending from just WSW of College
Station, Texas into north central Alabama. This
situation is an excellent example of the use of the
Totals indexes ns well as other prediction
parameters available to the forecaster. The
tornado pattern was essentially Type B with an
active squall line moving shead of un slmost
north-south maritime polar front, and intersecting
a well-defined warm-frontal boundary along a
line from near Austin, Texas Lo Shreveport to
Memphis, and ENE into North Carolina. At
12007 the squall line was active from eastern
Oklahoma to west of Tyler, Texus and
southwestward to Cotulla, Texas, Thunderstorms
were occurring all along this line, with a few
reports of heavy rain and moderately gusty winds.
The squall line and its parent cold front were
moving eastward at about 22 knots with the
thunderstorm cells moving more than twice that
speed toward the NNE, Surface dew points were
dropping substantielly in the westerly flow to the
rear of the cold front. An examination of the
12007, composite chart showed that the squall line
was moving into an area increasingly favorable 1o
the production of severe thunderstorms and the
time of day was becoming more favorable for the
production of such activity.

SECTION B—FAVORABLE PARAMETERS

Many of the favorable parameters usually
associated with violent thunderstorms had
already or would shortly be ahead of the squall
line over portions of east Texas and the northern
half of Louisiana. The stability analysis showed
the Cross Totals te be a verv unstable 26 in &
corridor  extending along the San  Antonio-
Shreveport axis, with a probable maximum of 29
or 30 over the central portionz of sastern Texas
These CT's suggested that the development of
tornadic storms was likely especially when
coupled with the Vertical Totals of 28 to 30 for an
extremely unstable Total Total of 60. The Lifted
Index at San Antonio was -6 and Shreveport 0. 1t
was interesting that the Total Tetals pattern,
even at 1200Z, quite accurately predicied the
major path of activity even into northwestern
Alabhama. Since the position of the first significant

southerly low-level flow appeared to be along an
axis extending from McAllen, Texas through
College Station toward Tyler, it was reasonable
to expect squall-line intensification along this
axis, and further intensification in the vicinity of
the low-level jet located from  Brownaville
through Shreveport. The area of instability as
well as the low-level jet was expected to show
some eastward movement during the day,

At 600 mhbh the southern and eastarn
periphery of a strong band of middle-level winds
was evident from Dl Rio, Texas to San Antonio
to Tyler, Texas, and then northeastward through
northwestern  Arkansas creating an  effective
horizontal shear zone near the most unstable
area, Cold air wos available ot 500 mb with the
167°C  jsotherm  intruding into northwestern
Louisiana ond southwestern Arkoansos  from
central Texas. At 850 mb a strong contrast
batween the warm maoist air over Lhe threat:
arca and the hot and much dryer alr to the
southwesl was appurent, since emperatures of 17
to 21°C and dew points of -3 to +5°C wore
common to the southwest of the surfoee warm
front as compared with valoes of + 1h and + 1270
to the northeast of the front. Also, there was o
well-defined cross-gradient low-level flow across
this houndary,

SECTION C—THE SEVERE-WEATHER
FORECAST

The prediction was based on the expectation
that the air column over the threat area would
become more unstable along the axis of the low-
level flow, and that mesolow development would
likely take place where the squall line intersected
the warm frontal boundary in the area of strong
low-level wind Mow, Positive vorlicity advection
and vertical motion were evidenced not only by
the 530-mb moisture at Shreveport but also by the
thunderstorms already developing along  the
zsquall line

Considering the ahove, the forecast was for
severe thunderstorms, tornadoes, and locally
damaging winds 80 miles either side of a point
about 30 miles north of College Station, T'exas
along an axis into the Tupelo, Mississippl area.
This decision mesnt accepting a risk that the
surface warm front would edge northward out of
the area displacing the zone of activity muore to
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the northeast. However, lhunderstorms and
moderate to heavy rain would probably continue
along the north of the front keeping the lower
layers relatively cool and discouraging any
significant warm-frontal advance northward. The
long axis seemed justified in view of the regular
movement of the front and squall line, the general
pattern of instability, and the low-level wind and
moisture feld. Also, the time of day was
favorable, and the middle-level jet and its
horizontal shear gzone was expected to drift
eastward., While the Tolal Totals pattern
indicated that thunderstorms would continue
during the day and spread eastward with the
squall line, there was little ur ro activity through
the Gulf Coastal States. There were lwo good
reasons for this:

a,  Supporting 700-mb and 500-mb moisture
for convective activity was not in evidence to the
sounth of the warm [ront,

b, The Vertical Totals were well below the
critical value of 26, and the Cross Totals were
helow the threshold value of 18 over Florida and
the coastal sections of Georgin, Alabama, and
southeastern Loulsiana.

The situation was different over North
Carolina and southern Virginia. Vertical and
Cross Totals were high with Total Totals of 50,
The Moisture was apparent at 500 mb in both the
Huntington and Greenshoro soundings.
Thunderstorms which occurred in the low-level
convergence of the warm front before daylight in
gastern Tennessce and extreme weslern North
Carolina, were expected to redevelop and spread
castward, While the Tolals indexes indicated
“green’'-type thunderstorms, the coolness of the
air near the surface tended to inhibit gusts, and
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extrapolation placed the activity off the coast
before significant surface heating would oceur.
The intrusion of strong totals northward from
Oklahoma into northern Kansas was of
considerahle interest. This nose of unstable air
with a Total Total of al least 52 presented a
strong stability gradient over a relalively short
distance. The Omaha sounding showed Vertical
Total values of 20 and Cross Total values of 19
The strongest southcasterly low-level winds in
this region were perpendicular to the horizontal
stability-index gradient in north central Kansas
and southeastern Nebraska. Also, this region was
under the influence of a well-defined middle-leval
jet of 70 to 75 knots with the horizontal shear to
the right of the jet on the order of 20 to 26K/90
nim.

SECTION D—RESULTS AND
POST ANALYSIS

The combination of unstable overrunning
coupled with the favorable vertical-motion field
and deep moisture resulted in 16 to 22 inches of
snow on an axis extending from near Concordia,
Kansas to Omaha. Most snow accumulation
occurred between 1109004 and 1118007,

The severe activity shown on Figure 58
scourred  from 11120074  through 120600Z—a
period of 18 hours. The sgquall line continued
eastward and southeastward after the last severc
report from Tuscalovsa, Alabama, but weakened
rapidly as the squall line moved further away
from the parent cold front and into less unstable
air. By 1215002 the activity had diminished into
rain showers
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Appendix D

THE TYPE B SEVERE-WEATHER OUTBREAK
OF 26 NOVEMBER 1965

SECTION A—GENERAL

On 26 November 1966 & strong Type B
severa-weather outhreak occurred over Tllinos
and portions of south central Missouri and
northeastern Arkansas. The activity consisted of
tornadoes, locally damapging windstorms and
jsolated large hail which spread east and
northeast during the later afternoon and evening
from the Bradford, Ilinos—Harrison, Arkansas
line into southern Michigan, Indiana, and
portions of Arkansas, Kentucky, and Ohio. This
outbreak was unusually strong for the time of
yeanr and was considered worthy of a detailed
analysis,

‘T'he classification of this storm svstem as a
Type B pallern was determined by a close
examination of the 2612002 upper-air charts,
Warm and rather dry air was evident over
Kansas, Oklahome and Texas and was being
advected to the ENE on a 50- to Afi-knot jet in the
lower levels {(Figure 59), This dry tongue was
adjacent to a well-defined pocket of moist air
lying over Missouri, eastern Towa and [llinois, A
more southerly low-level jeu was evident in this
moist air, and extended from Shreveport to Little
Rock into western [llinois. A strong cold front was
located from scutheastern Colorade into east
central Mebraska and eastern South Dakota. Dry
air over Kansag, Oklahoma, and western Missouri
was colliding with cooler and more moist air to
the ENE, and was being carried by strong WSW
flow at 700 mb (Figure 60). There was a major
700-mb trough moving from the northwest toward
tha threat area. Strong cold-air advection at 500
mb (Figure 61) was in evidence hy an analysis of
the isotherms, height, and temperature falis
This analysis indicated that & strong short wave
was moving out of the western plains

All the above factors coupled with the
associated B50-mb and 700-mhb features suggested
a Type B outbreak, with a squall line forming
ahead of a moving major surface system and with
little likelihood of air-mass recovery, and the
repetition of activity usually associated with a

Type A pattern.
SECTION B—FAVORABLE PARAMETERS

The parameters associanted with the
development of severe thunderstorms and

tornadoes were present in both number and
strength on the 1200Z charts, In addition to the
strong convergence in the 860-mb [low belween
these dissimilar air masses and the approaching
cold front, the low-level temperature ridge was
lyving well te the west of the moisture ridge.
Checking this parameter against Table |
classified this particular feature as strong. The
low-level jet in both the dry and moist air also
wns classified as strong. While the low-level
moisture barely meets the moderate criterin at
the 850-mb level, some moisture incresds wis
likely during the day.

The sscondary #50-mb dry line extending
from southeastern Oklahoma through
northwestern Arkansas and central Kentucky
south of the Ohio river wad alye of considerahle
importance. Its location and future movement
determined a southern limiting houndary for
activity and a zone of intersection once a aquall
line developed. Also, intersection of this
particular feature with the 850-mb warm front
and the low-level jet was o lavored area for
mesolow development,

At 700 mb the dey-air intrusion was upwind
of the threat area and dry and maoist air were
positioned adjacent to each other from north
central Arkansas esslward through Kentucky
over the secondary B50-mb dry line, Since the
wind Mow paralleled this feature over these areas
little displacement north or svuth was expected.
The 700-mb no-change line associated with the
western trough was well-defined from eastern
South Dakota to Topeka, Kansas to central
Qklahoma. A second 700-mb no-change line from
southern Michigan to the east of Dayton, Ohio to
northwest of Nashville was associated with a
weakening line of nocturnal thunderstorms. Table
1 classified the western no-change line as strong
and the wind flow crossed the line st an angle of
greater than 45 degrees.

Anather important factor to bhe considered
was the strong band of 700-mb winds in the dryer
air over Kansas, Oklahoma, and Missouri. This
orientation placed the strongest intrusion of dry
air against the mid-level moist air west of the
Mississippi River in Missouri, and indicated that
the zone of steepest moisture gradient and most
rapid rate of advective moisture change during
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the day would probably lie along the Illinois
border southwest of the Springfield-Peoria aren.

The 500-mb thermal trough from
southwestern Minnesota through central Iowa
and central Missouri was favorably oriented to he
advected eastward. The cross-isotherm flow was
quite strong and indicated continued moist cold-
air advection into the warmer tongue to the east.
The jet band at this level was broad but well-
defined and showed diffluence from north central
Missouri into northern [llinois. There was
horizontal speed shear to the south of this jet zone
which extended from Amarillo to Oklahoma City
into southern Tllinois and southeast Indiana. The
12-hour temperature and height falls to the rear
of the leading thermal trough at 500 mb were
indicative of strong active vorticity acceleration.
Also, the presence of significant 500-mb moisture
at Topekn, Columbia, and Oklahoma City could
only be accounted for by vertical motion, since
meisture was not advectad into the aren, Table 1
placed the mid-level jet in the strong category ani
the 500-mb positive vorticity advection from the
1200Z MNMC barotropic prog was classified as
strong.

Considering the remaining parameters (rom
Table 1, the Totals Index (Figure 62} was
calculated 1o be 52 to 54 over south central lowa
an early as 1200Z with a lurger ares covered by
50's as analyzed. The Lifted Index was calculated
o be on the order of minus six. Thus, the
available instability met the sfrong criterie.

The 12-hour surface pressure change over
southeastern Minnesota and central Towa
amounted to a 12-millibar fall which placed it in
the strong category. The axis of the Wet-Bulb-
Zero heiphts taken from the 12002 soundings and
shown on the Composite Charl, Figure 63,
extended from Dodge City, Kansas to Peoria,
Ilinois with walues near 9,000 feet above the
earth’'s surface. This height is in the strong
classification as well

An examination of the 850/500-mb thickness
chart showed the thickness ridge to be well-
defined from southeastern Morth Dakota through
southwestern Minnesota into central ITows,
central Missouri, and northwestern Arkansas
The ridge was located in the zone of maximum
anticyclonic thermal wind shear, the squall-line
formation would be close to this ridge line as the
line of no 12-hour thickness change (which
overlays the 700-mb no-change line) approaches.

SECTION C —POST ANALYSIS OF FORE-
CAST AND OBSERVED ACTIVITY

The surface charl [or 18002 shows the major
surface features associated with the morning
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upper-air patterns, This chart was one hour prior
to the first indication of squall-line development
picked up on radar. A line of thunderstorms and
rainshowers, began forming along the maritime
polar front along the Ottumwa, Iowa—Kirksville,
Missouri—Sedalia, Missouri line at 18002, and by
2200Z an active and severe squall line was
located from southwest of Rockford, Lllinois to
east of Peoria, Illinois through Springfield,
[linois and southwestward to a point northwest
of Harrison, Arkansas. The first severe reports
were Lhe destructive lornado northeast of Peoria
and a windstorm near St. Louis at 22002, and 35-
40-knot thunderstorm  gusts al many stations
along the squall line.

By 270800% the squall line had moved to a
position  from  eastern Ohio, through  eastern
Kentucky, to Tuscaloosa, Alabama, to Lafayelte,
Louisiana, and had degenerated into o line of
heavy showers accompaniad by strong northwest
gusts.

The asalient features, from the 120074 charts
discussed above, are shown on the Composite
Chart Figure 63, along with the reported activity
for the 26th of November. A check of the 18002
surface pattern showed that the initinl squall-line
tlevelopment occurred very close Lo the maritime
polar front from the low center southward
through lowa and north central Missouri. This
development was very close to the 12007 position
of the 850/500-mb thickness ridge and ahcad of
the morning position of the T00-mb and 850-mh
lines of no-temperature change. Infanse low-level
convergence was expected between the advancing
dry low-level air and the moist aiv further east
since the low-level jet and moisture ridpe will
tend to hold, or even curve cyclonically, beeause
of the position of the deep surface low. This
convargence was expected to cause a strong
moisture gradient close to the surface front
shortly alter noon. The 700-mb dry intrusion was
leading the low-level dry tongue which is a
favorable condition for severe activity, The resull
of all of these features, coupled with the apparent
cooling in the thermal trough at 500 mb, was
expected to result in eastward displacement of the
area of grestest instahility to a position just west
of the 1200Z position of the low-level jet,

The broad middle-level jet pattern and the
availability of the middle-level dry air upwind,
over a rather broad north-south front, indicated
that once th= squall line daveloped it would affect
a large area in its eastward movement. The large
instability area also indicated a widespread
pattern of severe weather, Since the most
favorable location for family-type tornado
outhresks with the Type B pattern is usuaally
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Figure 63. Compeosite Chart of the 1200Z 26 Movember 1945
data. Includes the severe activily durmg peried 2600007 1o
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associaled in & narrow zone in the vicinity of a
surface intersection, first consideration was given
to the warm-frontal zone extending east and
sputheast from the surface low. This front was not
likely to move northward any appreciable
distance since the low was forecast to move
eastward and the air to the north of the front was
quite cool. In addition, the lower levels to the
gouth of the front were cooled significantly by the
passapge of the nocturnal squall ling previously
mentioned, The remains of this old squall line
were slill apparent at 18002 to the south of the
warm front and were acting as a boundary zone.
Since squall-line development usually takes place
near and south of the low, the most likely area for
tornadoes war along an axis from near Quincy,
Hlinois toward Detroit, Michigan. The inception
point was expected to be close to the intersection
of the low-level moist ridge and low-level
southerly jet axis with the middle-level jet. This
area of intersection was also the moest favored

Maoy 1972

point for mesocyclone formation. As the squall
line moved eastward and continued to develop
southward in the moist air, consideration was
given to severe thunderstorms or tornadoes
further to the south. Tornadoes were not likely for
several reasons, the primary one being the
absence of a well-defined surface boundary
necessary to intarsect the squall line and cause
subsequent mesoscale developments, Severe
thunderstorms along with damaging wind gusts
and hail were likely to ba widespread along the
remainder of the squall line. Activity in the north
wis expected to be limited because of the cooler
low-level air north of the warm front. Activity in
the south was expected to be limited because of
the presence of dry air south of the 700-mb dry
line and the shallow low-level maoisture indicated
by the position of the 850-mb dry line. These
boundaries were elfective as shown on  the
Composite Chart.
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Appendix E

THE TOP

EKA, KANSAS, TORNADO

OF 8 JUNE 1966

SECTION A—CENERAL

The Topeka, Kansas tornado of & June 1366
is an interesting study of the feasibility and value
of the forecast parameters of Table 4 over a
rather restricted area. The use of the forecast
parameters resulted in a successful operational
tornado forecast for the morning of the 8th. The
forecast was based on the 08/12007 surface and
upper-air data, and 09/0000Z data presented a
point in time midway between the first tornado
occurrence in central Kansas and the last in
northwest Missouri. The destructive storm at
Topeka began nlmost at D9/0000Z.

SECTION B—STORM HISTORY

The first tornado was reported shortly after
08/2100Z just south of Great Bend in central
Kansas and the last near 09/0230Z north of
Kansas City. Evidence indicates that there were
two major tornado tracks associated with the
storm system (Figure 77), The first Lrack extended
from south of Great Bend, Kansas, across Topeku
and ended at the southwest corner of
Midcontinent Airport, 15 miles north of Kansas
City. The second was from north of Salina,
Kansas, across Manhatlan, Kansas, to just
southwest of St. Joseph, Missouri. Also, a third
storm track of lesser intensity extended from
Hutchinson, Kansas, to just southwest of Olathe,
Kansas. The number of tornadoes involved is
unknown but examination of the various tracks
indicated the probability of 6 to 8 individual
storms within the system. The Topeka tornade
began on the ground from about 30 miles WSW of
Burneit's Mound on the svuthwest edge of
Topeka, continued across the city, and went aloft
at the northeast carner of Topeka. The storm then
moved eastward in a skipping fashion with the
last visible damage at Midcontinent International
Airport in northwest Missouri. This track would
indicate a path of total and intermittent
destruction of some 65 miles.

The Topeka storm is & particularly good
example of the Type B tornado pattern. Figures
64 through 77 show the salient features of the
gurface and upper-air analyses including a plot of
the activity reported. The isolated windstorm
shown southwest of Lincoln, Nebraska was
associated with the northern portion of the squall

E—I

line (Figure 77), and under an area of diffluence
at the jet level (Figure GB). This activity was
short-lived since it was well north of the surface
warm front. The activity in central Oklahoma
occurred along the western edge of the 850-mb
and 700-mb moist tongue where strong moisture
was present in an area of moderate horizontal
speed shear just east of the 500-mb cold trough
Also, a large angle of intersection existed between
the strong low-level jet and the speed shear zone.

The single hailstorm east of Quincy, [linois,
vecurred near the surface warm front under the
strong eastern 700-mb dry intrusion, and
reasonably close to the upper jut,

The Quincy storm cell was moving rapidly
under the influence of the strong middle-level
flow, and the tornado reportad northeast of
Rantoul, Hinois, was associated with this system.
T'he early morning outhresak on the 9th in Chicago
und the activity in northwest Missouri of the
previous evening were most likely connected with
the Topeka storm complex: A atudy of the
movemnent of the upper jet indicated that the
storm impulse steered nlong the track of the
upper jet {Figure 76). The speed of translation
was about 37 knots which is compatible with the
strength ol the middle- and upper-level flow,

SECTION C—DISCUSSION OF THE
PARAMETERS

Table 5 summarizes the parameters affecting
the threat arez at 08/1200Z and 08/DO0LZ, From
the UB/12007 data it is apparent that only two
weak parameters (instability and a high Wat-
Bulb-Zera height) would have to be more
favorahle in order that severe Lhunderstorms or
tornadoes could be confidently forecast. Most
parameters usually appear weak in the early
morning data sa the severe-weather forecaster has
to carefully and correctly assess the changes to he
expecte] in space and time to arrive at an
accurate forecast of the threal area and the start
of activity. However, in the Topeka casze, the
12007 data indicate that nearly all of the
parameters favor the development of severe
weather. Early morning thunderstorms modified
the Topeka sounding resulling in a meist and
quite stable air structure. A careful study of the
12007 Composite Chart (Figure 70}, in
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Table 5 - Summary of Topeka Purameters
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1200Z G002

VALUE Reting VALUE Bating SOURCE OF DATA

500-mb Vortleity Yes 3] Yes g Barotropic or
Beroclinle Prog
Lifted Index 10 W -6 3 FPlotted Sounding
Totals 35 W 5h M Thickness Chart
Mid-Level LSK/90 mm T 59K/%0 mu | S 500-mb Chaxt
Horlzontal Shear Zone B D gt LU
High-TLevel 100K/90 nm 8 95K/90 mm | 8 Jet Chart
Hordizontnl Shear Zope | ~ | | - ] | HES )
Low-Tevel Jet [ L5K S 35K g §50-mb Chart
Low-Level Molsture 10°C M 15°C 5 A50-mb Chart
_(Dew Peint)
f50-mb Max-Temp Field West of 5 West of 8 H50-mb Chart
~—.| Molst Ridgel . Molst Ridge
TOO-mb No-Change LoB735K M a9/ 35K S 700-mb Chart
700-mb Dry Intrusion LoY/LoK M €07 /35K 8 T00-mb Chart
12-hr S5fe Pressure Falls = 2 -6.3-mb | 8 Sfe Chart
500-mb Helght Change —50M M —BOM M 500-mb Chart
Height of Wet-Bulb-Zero | 11,600 £t | W | 9,800 £t | M Plotted Sounding
5fc Pressure Threat 1005.3 mb M 1003 mb 3 3fec Chart
Aren
Sfc Dew Point oLoF M T0°F g e ST Chart
|
Winds Veer With Helght Yes Yes |7 | Composite Chart
Speed Differential No Yes Camposite Chart
Intersecting Upper & | Yes Yes e Composite Chart
Lower Jets
Increasing Sfc Temp Yas +11°F Surface Chart
- T i AFTIY .

¥alling Pressure Yes -6.3 mb Surface Chart
Increasing Dew Foint Tes 16°F Surfuce Chnart
Thickness Ridge Apparent| Yes Tes > Thickness Chart
Thickness No-Change Yes Yes | | Thiclmess Chart
Level of Free Cor .ection| 770 mb W 750 mb Plotted Scunding
Fuvorable Synoptic or Yes 3 i __i_ . el Surface Chart
Mesopattern oy, Tkl = -

s
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conjunction with the surface map (Figure G4),
definitely placed the eastern half of Kansas and
northern Missouri in the primary threat area. The
surface low was progged to move ENE at 20
knols. This movement would cause the axis of
maximum pressure falls to traverse the area and
the warm front would provide a boundary of
intersection for any squall line. The warm front
was not expected to move northward rapidly
because the early morning squall line (Figure 64)
had cooled the wir over much of eastern Kansas
and western Missouri slowing the northward
apread of warm air at the surface. The positions
of the 500-mb, 700-mb and thi kness no-change
lines, and the location of the thickness ridge,
indicated favorable conditions for squall-line
development. Also, deep cold advection was
moving into the area of increasing temperature,
dew point, and instability over central Kansas
and wastern Oklahoma during the aflternoon
(Figure G¥), As shown on the surface chart the
syuall line formed from northwest of Saling o
southwest of Hutchinson, Kansas, ahout 20007,
and gradually grew to the north and south
(Figure 64),

As shown in Table &, the parameters at
O000Z had intensified. Tornadic storms had been
occurring for three hours prior to 0000Z and the
Topeka tornado occurred at (0154, At 12002 a
summary of the parameters showed 4 strong, 7
moderate, and 2 weak compared with 12 strang, 3
moderate and none weak at 0000Z. These are the
slutie values taken directly from the dala with no
adjustments for anticipated changes. In actual
forecast prectice both sets of data would be
further adjusted. For exsmple, the 12004 data
would be adjusted for the threat area at the
eipected time of development. Such an
adjustment should bring the parameters more in
line with the actual conditions at 0000Z. The twa
weak parameters would be medified by the
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addition of heat and moisture in the low levels,
coupled with dryer advection in Lhe middle levels,
and cooling in the upper levels. Other
considerations of the surface and upper-air
patterns would indicate several of the moderate-
rated parameters should increase in intensily. In
addition, the 12-hour surface-pressure fall
forecast would he rated moderate o slrong based
on the track and forecast pressure near the low
center. A similar procedure would be used for the
remaining parameters. All values shown are for
the Topeka aren which was the center point of the
most. destructive activily.

SECTION D—SUMMARY

The Composite Chart at 09/0000Z (Figure 76)
is an excellent example of the concentration of the
important and varied tornado-forecast
parameters in a peographically rustricted area,
The primary area of instability represents Total
Totals of 54, The moist ridge ut 8560-mb and the
low-leval jet are in perfect alignment. The BG0-mb
temperature ridge is west of the moist tongue nnl
dry air is available upstream to the west and
southwest of the threat area. AL T00-mb dry air is
available upwind of the threat area and is being
advected inta the urea ul 36 knots by WSW
winds. The 700-mh no-change line is well-defined
and near the surface squall line. The thickness
ridge has moved to the east of the area and the
squall line is located about 100 miles behind it,
The upper-level jet tranverses the threat area nnd
is significantly stronger than the low-level jet. The
two jets intersect at a large angle. The presence of
so many of the forecast parameters of strong
intensity over a large area is no more unusual
than the frequency of destructive tornadoes
associated with Family-type storms. It is when
these parameters are concentroted over a
particualr area that the more widespread and
violent outbreaks occcur.
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Major fealures on 300-mb  charl for 08/1200Z,

Figure &T
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Uppar-davel jor foatures at OFS1T00L
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Figure F1. Major features of 850-mb chart for O%/0000L
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Frgure 71, Major Tearursr an 500-mb chart a1 09 0000L
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Appendix F

THE USE OF AUTOMATED PRODUCTS IN
SEVERE WEATHER FORECASTING

SECTION A—GENERAL

The availability of AFGWC computers
coupled with the concentration of highly
compelent programmers, specialized technicians
in electronic display, skilled forecasting
personnel, and the vast, continuously updated
AFOGWC data  base provides severe weather
forecasters with far more timely and accurate
forecast tools than previcusly available, Current
and prognostic fields of those surface and upper-
air parameters described in detail in this report
are in the hands of the severe wenther forecaster
in sufficient time for full consideration in
producing the Military Weather Warning
Advisory. These products negate the former nead
for time-consuming, manual prognoses of the
various important parameters in space and Lime
and naturally resull in g more uniform appraisal
of the Mture revere weather potential over the
conterminous United States by forecosters with
varying degrees of experience in this highly
specialized field,

SECTION B—AUTOMATED PRODUCTS

Fine mesh 12-, 24-, and 36-hour prognoses of
the Ba0-, 700-, and 500-mb fields are availahle at
two hours plus 20 minutes after receipt of the
early SLAM data These prognoscs are available
on standard 1:15,000,000 wupper air charis
computer printed and displayed through the
AFGWC Selective Display Model (SDM).
Currently, these charts display gridded values
approximately 100 miles apart of temperature,
dew point spread, wind direction and speed. Tt
should be emphasized that the values chosen for
display are limited only by the availability of
data at any given level and there aie many other
display options open Lo Lthe [orecaster.

The AFGWC Boundary Laver Muodel (BLM)
provides advisory forecasters with fine mesh 12-
and 24-hour prognozes of temperature, dew point,
pressuae contours, and winds for selected levels
from B0 through 16800 meters above ground level
(AGL) to supplement the upper-air prognoses.
The BLM 50-meter charl is used as primary
guidance for the surface prog. It depicts the D
value and wind ficelds providing sufficient
information lo analyze the pressure field and

locate the forecast position of fronts and trouphs,
This chart is supplemented by 50-meter
temperature and dew point and maximum and
minimum lemperature progs, AFGWC  also
utilizes the BLM 600-meter wind prog fields as an
aid in forecasting strong gradient gusts, and the
d00-meter temperature and dew peinl progs o
better nssess the stability of the air columns,

Current line mesh analysis of the 860-, 700-,
and 600-mb charts also are available through the
SDOM at 1 hour plus 25 minutes after the SLAM
data. These charts consist of contoured
temperature fields and wind direction and speed,
In addition, compuler plots of data for each upper
air station are available for hand analysis of
important parameters, including 24-hour changes
in heights, temperatures, and dew point sprends,
Any chart described in this report is available
from the AFGWC data base — including, for
example, the 850-1500-mb thickness and totals
chart described in Chapter 8.

AFGWC resources also made it possible (o
develop a unique index designed specifically for
indicating the most probable area or areas of
tornado and severe thunderstorm potential. This
index, termed the Severe Weather Threal Index
ur SWEAT, is available to AFGWC forecasters in
fine mesh gridded form and consists of a currenl
analysis plus 12- 24. and 36-hour prognostic
flields. The 36G-hour fields are fine mesh
interpolation of coarse mesh 36-hour progs. The
SWEAT Index is described in detail in Section €.

SECTION C—THE SEVERE WEATHER
THREAT INDEX

The requirement for an index to specify and
predict areas ol potentially severe convective
weather has long been recognized by the AWS
and civilian meteorological community. The need
for such an index stems from the following
limitations:

a, Operationally reliable dynamic models
capable of forecasting very small scale features
such as tornadoes, or even small parent ovelones,
are not currently available.

b. The [orecast procedures which were used
by the Military Weather Warning Center
IMWWC) at Kansas City, Missouri, limited the
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forecast period to approximately 12 hours because
most of the effort was expended on analyses
Centralized forecasts of unique severe weather
predictors were not available on facsimile
cireuits; therefore, additional efforts were
required to prepare manual forecasis, Automated
production of operational forecasts at Kansas
City was limited by the capabilitics of the
computer available there. The same constraint
prevented expansion of severe weather forecasts
outside the conterminous United States.

¢, Most procedures described in this report
are only semi-objective. The constant turnover of
forecaster personnal, usually concentrated in the
summer months, resulted in the loss of almost
irreplaceable expertise in this esoteric ares of
forecasting. An ever-present and very intensive
training effort was required to keep the severe
wenther forecnsts at o consistently high level of
guality. A new approach was needed to augment
experience with objectivity

The transfer of the MWWC function to the
AFGWC provided the opportunity to apply
unigue resources to the problem. For the first
time, the proper combination of ingredients was
available — a wvastly improved current and
predicted environmental data base, together with
required meteorological know-how, programming
expertise, and computer hardware.
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SECTION D—DERIVING THE SWEAT
INDEX

Case studies collected through the years at
the MWWOC provided the foundation for
developing a Severe Weather Threat (SWEAT)
Index. A study of 328 tornadoes und experience
gained in daily forecasting determined which
parameters to consider and the relative weights Lo
be assigned to each parameter. Several
constraints were imposed.

a.  The index must be computed from 1.8,
selected-level radiosonde (SLAM) data available
approximately one hour after observation Lime,
This allows an automatad plot of the SWEAT
Index available about one hour and 156 minutes
after observation time and gives a maans of
rapidly appraising Lhe current air-mass potential,

b. The index must be computed from ficlds
currently stored in the AFGWC prediction data
base, This facilitates automated prognoses of the
SWEAT Index without a major revamping of the
tata hase,

¢. The parameterization must use reported
and predicted values directly, rather than relying
on derived parameters or complex pattern
recognition.

Under the above constraints, using our
empirically derived weighing faclors, the SWEAT
Index was developed to the present form [ 6 J.

= 85(-mb dew point in degrees Celsius (if D is negative, the term is set to zero)

I = 12D + 20(7T-49) + 2@ + 5 + 125(5+0.2)
where
I = SWEAT Index
D
fB = speed of 850-mb wind in knots
f6 = speed of 500-mb wind in knots

S = Sin {(500-mb - 850-mb wind direction)

=]
w

- “Total Totals’” in dJegrees Celsius (T is the sum of the 850-mb temperature

and dew point, minus twice the 500-mb temperature; if T is less than 48, the

term 20(T-49) is set to zero)

The entire shear term, 125(S+0.2), is set to
gero if any of the following conditions are nof
met: B50-mb wind direction in the range 130
through 250 degrees, 500-mb wind direction in the
range 210 through 310 degrees, 500-mb wind
direction minus 850-mb wind direction positive;
and hoth the 850- and 500-mb wind speeds at

least 15 knots. Note that no term in the formula
may be negative.

Application of this formula Lo past tornado
and severe thunderstorm cases resulted in the
distribution of SWEAT Index walues versus
ohserved weather shown in Table 6. The
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cumulative distribution of SWEAT Index values
versus observed weather is shown in Table 7. A
severe thunderstorm, as defined here, i3 one which
is accompanied by gusts of at least 50 knots
andfor hail at least 3/4-inch in diameter. A tor-
nado case is defined as the occurrence of five or
more tornadoes in the same general area. A
severe thunderstorm case 15 defined as the
occurrence of a combination of five or more severe
thunderstorms and/or tornadoes (0-4 tornadoes)
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in the same general area. The cases are mutually
exclusive; ie., no tornado cases are also included
as severs thunderstorm cases, although in some
instances both kinds occurred on the same day
but in different areas. SWEAT Index fields were
analyzed from station data for the synoptic hour
(000Z and 1200Z) closest Lo the occurrence;
hence, values were interpolated in space bul nol
In time.

Tahle & - Distribution of SWEAT Index values versus observed weather
SWEAT Index Value
200  2-300 3-400  4-500 5-600  6-700  7-800
Tornndo Cuages ( ] | (a) 23 27 5 1
Severe Thunderstorm Cases D 4 (b) at a6 a0 4 L
(n) Actual value 375 (b) Lowest value 272
Table 7 « Cumuolative Distribution of SWEAT Index
Values Yersus Ohserved Wealher
SWEAT Index Value
<200 <300 <400 =500 < 600 =700 <800
Tornado Cases i 0 1 (a) 24 Al i 57
Severe Thunderstorm Cases 0 g (h) 1 A7 a7 101 140

(a) Actual value 370 {h) Lowest value 272

From Tables 6 and 7, it appears that the
SWEAT Indux threshold value for tornadoes is
about 400, and for severe thunderstorms about
300. Remember, only cases where sevare weather
was known Lo have occurred were considered.
Nothing can be inferred about “false alarm’
rates. It must be emphasized, however, that the
SWEAT Index is only an indication of the
potential for severe weather. A high SWEAT
Index for & given time (either observed or
predicted) doss not mean that severe weather is
occurring or will occur. Some tvpe of triggering
action is necessary to realize the potential
Experience has shown that, although high
SWEAT wvalues can occur in the [Inited States
during the morning (12002) without concurrent
sevare convective weather, the polential is usually
realized if the predicted value for the alternoon
and evening is also high. Although low observed
values of the SWEAT index almost certainly
mean there is no severe weather nccurring, values

spmelimes increase dramatically during a 12-hour
period. For example, at 1200Z, 8 June 1966, Del
Hio, Texas (DRT), had a SWEAT Index of 608
while Topeka, Kansas (TOP), showed 3293,
Twelve hours later (0000Z, 9 June 1966) the
value at DRI dropped to 232 with no activity
necurring while the value at TOFP jumped to 573,
One of the most powerful and destructive
tornadoes on record slashed through Topeka,
starting about 0000Z, 2 June 1966, (See Appendix
E.)

The SWEAT Index should not be used to
predict ordinary thunderstorms. Use of the shear
term and minimum values for the stability
{Totals) and wind speed terms were specifically
designed to discriminate between ordinary and
severg thunderstorms, For the prediction of
ordinary thunderstorms, a stability index such as
the "Lifted Index'' oar "“Totals' i3 mora
applicable.
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In addition te the early SWEAT analysis and
progneses mentioned above, AFGWU forecasters
are provided with a modified SWEAT Index
hased on the BLM current analyses, and 12- and
24-hour prognoses. This procedure substitutes
data at o terrain following level for the 850-mb
lower reference level used in the early SWEAT.
By using the BLM analysis and forecast data, the
Ah0-mb temperature, moisture, and wind are
replaced with BLM data for 800 meters above
ground level (AGL). An adjustment is made to the
“Totals” term to compensate for the varyving
thickness of the 900-meter AGL/500-mb layer.
This results in o flonting index (over the terrain)
which has proved more reliable in high terrain
arcas, The early SWEAT has been retained for
use with SLAM data, ns well as for arcas where
BL.M forecasts are not available. Several
cxamples of SWEAT analyses and prognoses are
shown in Figures TH through 80,

A further refinement was ndded to the BLM
SWEAT package in the fall of 1971, This consists
of a single charl which depiets the forecast
maximum SWEAT wvalue for each grid point for
the 24-hour period following the 12007 and 0000Z
data base times. Also depicted is the Z-time this
maximum value is expecte). This chart has
proven very successful in real-time operation and
its application to a specific case 15 shown in
Figure 81.

SECTION E—AN OPERATIONAL CASE

On the 21gt of February 1971, a series of
destructive tornadoes moved through portions of
extreme northeastern Louisiana and over most of
western, north-central, and northern Mississippi.
The number of tornadees reported exceeded fifty,
but subsequent air and ground investigation
indicated only three primary, nearly parallel,
paths of damage (Figure 82). The [first of this
violent series of lornadoes was reportad at Delhi,
Louisiana, shertly after 2100Z. The last report, at
01237, 22 February, was from the second and
longest track, which covered approximately 120
miles. Several reports of multiple funnels were
received along portions of the three tracks These
storms were the most concentrated of a series of
tornadoes which occurred during the threec-day
period 21.23 February 1471 in the Gulf Coast
states eastward into the Carolinas and Virginia.

The tornadoe forecast parameters used by
both the AFGWC and the Severe Local Storms
Unit (SELS) of the National Weather Service at
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Kansas City were evident in profusion on the
surface and upper air charts for 1200Z on the
21st. A talephone discussion and exchange of
information hetween the AFGWC and SELS
forecasters resulted in agreement that the primary
threat area would include the northwest portion
of Louisiana and most of Mississippi, and that the
activity would start during the early afterncon.
Figures 83 through 90 graphically portray the
most important features at the B50-, T00-, and
500-mh levels for data base times of 12004, 21
February, and 0000%, 22 February 1971, including
composite charts used by the AFGWC for these
times,

Figure 91 depicts the compaosite chart valid
for O000Z, 22 February, mode from 12-hour
prognoses from the data bhase for tHe 850, T00-,
and 500-mb levels. A comparison  with the
verifving composite chart made from  actual
DOVOZ observations (Figure 90) clearly shows the
wecurncy of the fine-mesh forecasts in  this
instanoe.

The early 12-hour forecast SWEAT Index
field walid 00002, 22 February (Figure 92),
showed wvalues exceeding 850 over northern
Missisippi. These wvalues wera well over the
tnrnado threshold value of 400 and the highest
vet seen up to that time on prognoses using the
present form of the SWEAT Index formula,
Utilizing the lorecast composite chart and the
progged SWEAT Index values plus the favorable
surface synoptic pattern, the AFGWC Advisory
Forecaster indicated tornadoes and severe
thunderstorms over the threal area during the
afternoon and evening of the 21st. The 24-hour
SWEAT forecast indicated eastward and
southward movement of the threat area, with
values just above 500, by 12007 on the 22nd.
Tornadoes occurred over the southern half of
Alabama and Georgia during the night and
vontinued into the early morning of the kind.

The relative strength of the parameters at
12007, 21 February, and the forecast values for
O0DDZ, 22 February, derived from AFGWC
products are shown in Table 8. This is 2 modified
versinn  of the tornado parameter worksheet
depicted in Table 5, Appendix K, Note that the
SWEAT Index has been added to this worksheet
with value= of less than 350 considered weak, 400
to 500 moderate, and greater than 500 strong. The
rating of the other key parameters is shown in
Table 1, Chapter 5.
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Table 8
SEVERE THUMDERSTORM AMD TORMADO PARAMETER WORKSHEET
RHEA ADVEORY HUNRER TaTE ADYIOAY vALID
LA-MS-AL BE 2l FEB 71 2l 18 z.,. 22 . 06 2
12790 AHAL MAT PROG
FARAMETER VALLUE HATING -'il'ﬂln.l.rl . AATING RE“H‘EE.’YERIFICQ,'HIJH
SHEAT 500-550| S+ |500-6661 S |RNYal Bonew gl ER
10TALS 58 S+ | 58-80 | S
LIETED INDEX -5 5+ -T | 8
PvA 30° M+ 40 | s
500 MB HT FALLS -200M : S | —-Z00M 5
500 MB JE T 95K | S— | 90K s
BE0 WMB MO T LR E i e | M+ 13 S
W OF MOIST| W OF MOIST| i =
050 TEMP RIDGE RIDGE S RIDGE | S |
LO-LEVEL JET 45-55"::’ S . |lLaBOK 5
700 Wl BRY IHTRUSION 5 s
i ~ WINDS o | WINDS | 7 [0000Z DATA
190 4B HOCHANGE TEMP enoss czoe) W |caoss 20400) ACTUALLY STRONG s
WIKDS VEER WITH HEIGHT YESIT | =] YEIW| —=
e ———— — S —— — e — i - - . b
[ e
WINDS INCREASE WITH HEIGHT YES — YES | —
e A = f il
INTERSELCTING LI# AND LG JETS i YES —— ! YES | — i
SFE DEW POINT 62° | M+ 66" S |
LFC PRESSURE THROAT AREA |1oos8 M+ ooz ' 5 \
FaALLING PRESSURL YES — YES i —
INCREASING SFC TE WP | YES — YES | —
INCREASIRG DEW FOINT YES = I YES =
THICKHES: RIDGE YES — | YES _—
THICKHESS NOLCHANGE B ES: === YES | —
e ek
MELD OF SYNOP PATTERN j FﬁWHAELE: FAVORABLE | ——
REMAREE
MARKED DIFLUENCE OVER THREAT AREA AT I200Z AND PROGGED FOR Oo00Z,
NUMERQUS TORNADOES CCCURRED FROM N.E. LA INTO MS AFTHN AND EVNG.

AFGWC Ii57) 0-325
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Figurs 7L The S-hour SWEAT prognosfic Meld vaiic seiil, 34 April 1971 Laalld lines ) arsd It H-heur SWEAT prognostic fleld valld 160, BT
34 Aprll 197 (dashid lines) and locatiom of lomada and srvere Tundarilonm ctiurmsnces. Actheity began al 11157, 11 April In norffeas?
Alsbama snd spresd sast snd sowih ble Oeorgla snd seufhern Soumh Carcling with the lasl mport oear Charkeiton af 0925, 34 Apri.
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\J TORNADGES o = <2
® SEVERE R

Figure 7Y, The 12-hour SWEAT prognosiic fieid valkd o0z, 27 April 1771 (solia fines ), variying SWEAT valoes (Gashed Hines ), and fermada
and savers TUunGersionm ooturrences frem TI0E, i April le B15E, 37 April. A tornade and hall siones sver three inches in diameler wore
reported near Enkd, Okilahoma.
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Figure 80. The 12-hour SWEAT prognosThc ekl valid 000z, 18 April 1971 (solid lines] and the M-hour SWEAT prognoziic Neld valid 13007,
28 Aprkl 1971 [dashed linss) and temads and severs thunderilerm scourrence. Severe weather finl scourred near Forl Laonard Weod,
Misstur) al 2072z, 27 Aprll and spread settward wilh e il repor? nesr SNZ. 29 Aprll seum of Leximgron, Kenhuchy,
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1§ September 1571, Aln shawn i an analysls of e maximum SWEAT values

index value (log number! and foresast Z-Hme of the maaimum {Bothem number) for

g ST,

Ths AEGWC BLM mazimum SWEAT
and the lscalion and I-lime o fomade cCOUrTRnCes.

selected grid points for i 14-hour perisd baginn

Fhpure B1.
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Figury £1. Primary damage fracka ol fornagoss over Loubilana and Mississiopl which oocurred from T10E, 3% Felrruary fo 01215, 13

February 1971,
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Figure ¥2, Fine mesh gridded SWEAT analysis for 12092, 21 February 1977 {salid lines) and the 11-hour SWEAT prognelic feld vafid
DOSEE, T1 February 1971 [dashed lines). The thres majer fornada Iricks from Flours 71 are superimposed on tha figurs,
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Appendix G

THE FORT RUCKER, ALABAMA TORNADO OF
13 JANUARY 1972

SECTION A—GENERAL

At 0726Z, 13 Janvary 1872, a destructive
tornado struck the Enterprise-Ozark area in the
southeast corner of Alabama  Several million
dollars in damage, which included total
destruction of a number of helicopters, was
inflicted at Fort Rucker, Alabama; major damage
was also suffered in the nearby Ozark area. This
tornado was one of a series that hit southeast
Alabama, northwest Florida, Georgia, and South
Carolina on 13-14 January 1972. This case study
is included because this type of tornado is the
most difficult to forecast, i.e., they are not
associaled with identifiable synoptic or even
mesoscale features such as lows, organized squall
lines, warm fronts, etc. In these instances, we are
trying to forecast microscale phenomena using a
macroscale network., This case study also
Hustrates the usefulness of the SWEAT Index in
identifying areas of rapidly increasing instability,

SECTION B—SYNOPTIC SITUATION

AL 1200Z, 12 Japuary 1972, a decaying warm
front was evident along the Gulf Coust extending
from near New Orleans across northwest Floridu
and off the easl cosst near Savannah, Georgia.
This boundary became progressively diffuse
during the day allowing tropical air from the Gulf
of Mexico to spread inland. Figure 93 shows the
surface chart for 00007, 13 Junuary, Southerly
flow of air from the Gulf deminates the entire
southeast United States with the closest frontal
system located in the Misscuri-Oklahoma area.
Isolated thunderstorms occurred over the
goutheast United States during the period from
1212002 to 13/0000Z but no severe weather was
reported,

The compuosite chart for 1300002 (Figure 94)
delineates the important paramelers at that time.
At 500 mb, the thermal trough extending from
western South Carolina through central Georgia
into northwest Flaorida was probably a
vontributing factor to the thunderstorm activity
which occurred during the day and into the
evening of 12 January over portions of the
sinitheast United States. A second and stronger
500-mb thermal trough associated with a 30 m/12

hour height fall area extended from northeast
Arkansas into northwest Louisiana and on
southwestward, Close examination of the 500-mb
wind field revealed s relatively weak short wave
over southwest Mississippi and southeast
Louisiana just ahead of the thermal trough. The
#00-mb numerical prognoais indicated this minor
short wave would move rapldly eastward and be
located over western Georgin by 13/12002, T'his
minor short wave triggered the initinl outhreak of
tornado activity, the first tornado oceurring nine
miles narth of Pensacolu, Florida at 13/0340Z and
the Fort Rucker tornado at 13/0725Z. The lost
tornado report in this initinl outbreak oceurred at
L3/07432Z. At 1300007, several parpmeters
favoruble for severe weather were wither in
cxistence or progged to be present within the next
2 hours. These parameters (Figure 84 consisted
af & low level jet over the threat area, the
presence of dry air upwind, a moderate 500-mb
jet, and increasing low level moisture. Parameters
not favorable at this time included low level (8560
mb) flow parallel to the low level and mid level
(700 mb) dry/moist houndary, Severe Weather
Threat (SWEA'T') Index values less than critical,
lack of a strong trigger, sparse HADAR detected
aetivity, and the complete absence of a surface
houndary or organized pressure fall patiern,

The composite 12-hour prognostic chart valid
at 13/1200Z (Figure 93) indicated that nearly all
the parameters would fall inte place by this time.
The SWEAT Index wvalues were forecast to
increase over the threat area with values over 400
at 14/12007 reaching the northwest Florida coast
(SWEAT values isopleths valid at 13/1200Z not
shown in Figure 95 to reduce cluttering). In
addition, the AFGWC Boundary Layer Model
forecast maximum SWEAT values fur Lhe 24-hour
perind from 1300002 to 14/0000Z showed a
dramatic increzse with wvalues exceeding 400
ocourting over a large area of the southeast
United States and a peak value of 573 accurring
along the nerthwest Florida coast. A fairly strong
500-mhb short wave was progged Lo be over eastern
Mississippi. Increasing low level moisture was
apparent and both low level and 500-mb jets were
furecast to continue over the threat area, While
the low level dry/moist boundary was present,
flow patterns were nol favorable for its eastward
progression. This was off-set, however, by the
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Table 9
SEYERE THUMDERSTORM AND TORMADO PARAMETER WORKIHEET
#REZ GRN AL — ADYONT MUMBER  |DATE ADYBORY YALID
FL PNHHN A o=
N';' QL_E% oA 48-49 130000Z JAN 72 57, Ofnw I%iE &
DOO0T ARATL i200T FPRAOG
FARAMETER WALUE RATING VALUE naTING REMARRS/ VERIFICA TION
Bl I =YD [ HLM MAX 4B0-873 21-00Z (5)
SWEAT 343 W+ | 330-400 | &+ li200z 400-468(M)
Sl 52 M4+ | 52 M (12002 51-54 (M)
LIFTED INDEX =8 M+ ‘_5 Wi [ES0E ‘a {!”__ =l
S W W M M |12002 (M)
500 B H1 FALLS =30 M __'_‘_4_‘-"'__ M 12002 “4_0{"”" » ol
RS 50 K M s0 | M [1200z eoK!(S)
B30 MO MOISTURE 8’ oW o® M |l200Z 13° (S)
; e R OVR MOIST " WOFNOIST | o [12002 WEST OF MOIST
| 850 TEMPRIDGE A RIOGE. }.o ™ | RIBGE. L [RIDGE {5}
|
Ui 30k | M | 30k | M |1200Z 40K (S)
fi=a=r=——T I:FIOSEJ;IEM W4 | GROSS AT 3 STRONG DRY INTRUSION
| 700 MB DRY/INTRUSION © 02 ANGLE _40% ask | T |UPSTREAM 12002 {S}
NGT HOT w  |1200Z EVIDENT (5)
700 ME HO-CHANGE TEMP EVIDENT EVIDENT 40K AT 507 ANGLE
ik IETEMP: - %
WINDS VEER WITH HEIGHT YES e YES — ||1200Z ¥ES
WIHDS INCREASE WITH HEIGHT YES T YES — |1200Z YES
INTERSECTING UP AHD LD JETS _YE — YES — [12007 YES
SEC DEW POIHT 8P i s |" HE8Y T s 2007 “BR%(S)
Bl it i A I el o] B e =Pl S AT S
| 12002 1010 BECAME MORE
LEC PRELSUURE THREAT AREA Icls w —Ej lﬂ rj | W iF'u'FlEL FORENOON (W)
i o — —_ r ] ——f—— T T
FaLLIMG PRESSURE YES | M YES M |1200Z YES (M)
WY evew At LITTLE 2 "LITTLE | | COOLED SLIGHTLY DUE TO
JNL'H'I:.*.ELIJfﬁ_I"L.]EMP‘_ R CHANGE _ } CHANGE En. ACTIVITY
INCREASING DEW POINT SLIHT | | = YES o= | YES (8002
HOT | I
THICKMESS RIDGE f EVIDENT I [NOT EVIDENT
HOT
TIHICKNESS HO-CHANGE | evipenT | NOT EVIDENT
—_ - - — T == SECAME MORE FYREL
MESO OR SYNOP PATTERN | POOR | —— | POOR | ——|; 0 nc FoRENGON
REMARES
FIRST TORNADO I307258Z ENTERPRISE-OZAREK AREA AL.
20 MORE TORMADCES DURING PERIOD 131200Z TO 1411252 ACROSS SRN AL-—
WW FL-W CNTRL AND SRN GA INTC CNTRL S5.C.
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forecast position of the 700-mb dry/meist
boundary accompanied hy strong cross flow from
dry Lo moist air. It is also significant to note that
by this time the low level temperature ridge
would no longer coincide with the low level
moisture ridge, but would retrogress westward
causing a more volatile situation,

The composite chart made from the actual
1312007 data, shown in Figure 96, indicates all
parameters in the moderate to strong category, A
summary of the severe weather parameter values
from the 13/0000Z analysis, the 13/12002
prognosis, and the verifying values at 13/1200Z
are shown in Table 9, After the initial outhreak of
tornadoes from 13/03402 to 13/0743%, including
the one which hit Fort Rucker at 13/07252, the
tornndo activity ceased for approximately 4 172
hours and then resumed wgain at 1312152 and
continued throughout the remainder of the 13th
and into the early morning hours of the 14th. A
map showing the location and time {to the nearest
lipur} of the tornade and severe thunderstorm
accurrence 15 included as Figure 97

SECTION C—RADAR ANALYSIS

Analysis of data from five weather radars in
the area supports the contention that a weak 500-
mb short wave trough, passing through Alabama
and the Florida panhandle into Georgia, triggered
the initial tornado outbreak between 13/00407
and 1307437, The trough triggered
thunderstorm activity as it moved eastward
Radar echo tops in the area of the trough were
consistently higher than surrounding tops
throughout this perind, Furthermore the trough-
induced favorable development ares propagated
eastward at the same speed as the trough itself

Figure 98 shows selected examples of scope
photographs taken every ten minutes at the
Apalachicola, Florida, WSR-AT radar. The photo
series covers the period 13/0820Z2 to 13/0720Z
{times are approximate because the camera clock
and interval timer malfunctioned). In all
photographs, Fort Rucker is indicated by an open
circle at 333 deg/100 nu. «n the first two photos,
Pensacola, Florida, is indicated by an open circle
at 262 deg/123 nm.

The photo series shows that the Pensacola
tornado (0340Z) and the Fort Rucker tornado
(0725Z ) came from the sume parent thunderstorm
complex; or more precisely, the Fort Rucker
tornado was spawned from a thunderstorm which
had converged with the Pensavola storm. The
0320Z photo shows the Pensacola parent
thunderstorm echo, which, with tops in excess of

intense
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40,000 ft MSL, moved northeaslward with a speed
which gradually increased from 12 knots at 03202
to 25 kpots at 0600-0640Z. At 06207, a new
thunderstorm complex began to form south of the
muture system. Subsequent photographs show the
new system intensifying and converging with the
mature storm. The echo convergence is apparent
in the 0640Z photo, and the 07207 photo seems to
indicate the new thunderstorm eomplex grew ot
the exponse of the old system. At the time of echo
convergence, the Centreville, Alabama, WSR-57
radar indicated tops of 51,000 ft MSL for this
complex. Apalachicola reported 40,000 fi, and Lhe
truth is likely to be somewhsre betwesn these
values, In any case, this echo complex had either
reached or was penetrating the 40,000 ft
tropopause hy (6407, Tits antecedent, the
Pensacola storm has echoes ul, near or slightly
exceeding the tropopouse throughout most of Lhe
period 0340-0640Z. Interastingly, at the time of
echo convergence, the Pensacola thunderstorm
complex, which had been moving at an average of
21 knots Ffor more than three hours, accelecated Lo
40 knots, a more characteristic apeed for severe
weather echo systems. Mo change in the divection
of motion was noted, The merged thunderstorm
complex continued northeastward with tops
penetrating the tropopause until at least 08124, 1t
was Lhis complex which spawned the Enterprise-
Fort Rucker tornado,

This phote series shows no hooks,
protrusions, pendants, weak echo regions or ather
echo signatures signifying severe convective
weather. This is not surprising since none of Lhese
echnes was closer to the radar than 100 nm,
Furthermore, the 250 nm PPl range was used for
photography and the receiver was operated al (ul)
gain. Considering the echo range alone, at 100
nm, & beam at zero degrees elevation would be
positioned 6,600 ft above the ground and would
have a diameter of more than 21000 ft. Under
these circumstances, hooks and weak echo regions
cannot be expected; therefore, a combination of
radar reflectivity factor, tops and movement
should be used to identify severe storms.

In this casze, tops, movement and the previous
history of the stormt were the prime radar
indications. As indicated by Darkow in papers
presented at the 14th Radar Meteorology
Conference (1970) and at the Tth Conference on
Severs Local Storms (1871), and as reported in
AWSTH 243, a parent thunderstorm complex that
produces one tornado is guite likely to produce
another. In fact, the probability of multiple
torpnadoes from a single parent storm s
sufficiently  high that meteorologists should
routinely assume “more tornadoes are on the
way,”" provided the parent storm shows no
marked signs of dissipation or decay.
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SECTION D—SUMMARY

This study illustrates the synoplic situation
secompanying the occurrence of tornadees in a
Type 11 air mass which occurred (at least the
initial outbreak) without & well-defined triggering
mechanism. The tornadoes resulled from
increasing instahility throughout the period snd
the passage of several short wave troughs at 500
mb. The initinl outbreak of severe weather

G—4
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securred with a relatively minor short wave; this
was followed by a repeat of severe aclivity
associated with the following stronger short wave.
Even though the synoptic features were not well
defined and the triggering mechamsms were
diffuse in Lhiz case, the analyzed and forecast
SWEAT Index values were quite useful in
pinpointing the potential area for severe wenLher
pctivity.
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Figure ¥l Zurace charl for G0EI, 11 Jaswuary 1972
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char! for S00OT, 11 Jampary 1977,

Figure F. Compesile
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Figure #5. Compmlile progneslic char! valld 13T, 13 Janvary 1970 Maxlmam forecast SWEAT Inday vaiyes for T4-no0ur paricd baginning
PODOE, 13 Jenuary 1771 ahawn by Solid leepHime.
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Eluire ¥, Composite chart for 1286F, 13 Jenuary 1972 SWEAT Indox values oirierved afl map fime shown By selid (saplefhs,
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LEGEND
® SEVERE THUNDERSTORM

¥ TORNADO

V FORT RUCKER TORNADC

'\u.-'l Figure #1. Location and fime (ko nedrest hour of Idimel of tornada and severe thunderstorm sccurrences on 13-14 January 1572 (all
ccurrence on 11 Jaruary 1971 excep! whers 1i precedes T-1ime).
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Flgure 8. Photographs of the PPI scope of fhe WER -7 siorm datection radas at the Apalschicoln, Flerida Wealher Service O4flce on 13
Jamsary 1%71. Bcope range i 18 n. mi; rénge marks are at 2 n.oml nlervads,
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Appendix H
CHART SYMBOLOGY

SECTION A—GENERAL

The number of levels and the variety of
paramelers needed to analyze a typical severe-
weather situation require special symbols and
color schemes to organize the information
analyzed on the manuscrip® chart

SECTION B—PROCEDURES, SYMBOLS,
AND COLOR SCHEMES

The following procedures, symbols, and color
schemes are used in actual practice, and Figure
99 is a handy guide which can be unfolded to be
referred to as the report is being read

#. The surface chart is completed in black
pencil with frontal systems and other lines of
discontinuity depicted by standard printed map
symbols, The major 12-hour pressure fall centers
are entered using the symbol “ 4 P."

L. The positions of significant dry lines and
dry prods (tongues) at 850 mb are entered in red
using an alternating dashed line and circle
representation.

¢, Shears and convergent zones in the low-
level flow are indicated by solid red arrow-tipped
lines, and low-level jets are shown by double-line
shaded arrows. Jet speeds are often shown near
the upwind end of the arrows.

d. The axes of low-level moisture arcas are
indicated by solid green arrows, and axes of areas
of major moisture advection are shown as double-
lined, shaded, green arrows. Often moist tongues
are outlined as double green-shaded lines

e. Principal 850-mb temperature ridges are
denoted by a line of solid red dots

f. Frontal positions and other lines aof
discontinuity at the BA0-mb level are entered in
red.

. Significant areas of moisture at 700 mb
are shaded lightly in brown.

h. Dry-air tongues at 700 mb are outlined in
dashed hesvy brown lines.

i. Well-defined lines of 12-hr no-
temperature change associated with signilicant
troughs at 700 mh are denoted by brown sclid X's
and dashes.

j. Frontal positions and troughs at 700 mb
are entered in brown using standard printed map
aymhaols.

k. Significant wind flow ar 700 mb is
entered using brown arrows with the axes of
maximum-wind flow denoted by double-line
arrows. Special attention is given to the wind

H—1

flow between the dry and moist arcas, and the
location of near-by jet aies.

l. Temperature ridges or other desired
features of the 700-mb temperature field, are
entered in brown using heavy-shaded circles.
Thermal troughs are often shown a8 brown open
triangles.

m. The positions of thermal troughs at 500
mh are entered on the Composite Chart as open
blue triangles, and a sufficient number of
isotherms necessary to define the 500-mb thermal
field are entered as dashed blue lines.

n.  The 500-mb Critical Temperature for the
season of the year 1s often shown as a heavier
shaded dashed blue line, The Critical
Temperature is that temperature during a month
or season which, if exceeded in the direction of
cooling, is highly correlated with thunderstorm
oCeuTTences,

v, Significant wind flow in the middle
levels, including the jet band, is depicted by a
solid heavy blue arrow, horizontal zones of speed
shear by open blue wavy lines, and zones of
diffluence by jugged blue lines,

p. Significant height fall areas at 600 mb
are shown as solid blue double lines and
temperature full areas as broken double blue
lines.

q. Similar features at the 200-mb level ara
frequently entered using the same symbols as
shown for the middle levels except the shaded
dreas are purple.

r. Thae &30/600-mb thickness ridges are
depicted as solid black dashed lines and the 12-
hour no-change thickness line by solid black X's
and dashes.

s. Thickness falls are shown as solid black
double lines.

t The Total Totals analysis for 50 and
greater, by 2° or 4%-isopleth intervals; are entered
as dashed orange lines.

u. The Lifted Tndex determined from Lhe
analyzed racbs is often entered as open black
rdashes.

v. The 500-mb barotropic or baroelinic
progged areas of maximum vorticity for the
forecast period are outlined and shaded in yellow,

w, The SWEAT Index is entered for values
of 400 or greater, using solid orange lines,

SECTION C—PARAMETER SYMBOLS

A number of symhbols are used on Activity
charts to denote the severe weather ohserved.
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e
a. Thunderstorms are entered as solid and .
circles; e, Hail occurrences are entered as solid
b. Toernadoes are solid triangles; squares.
v. Lightning is an arrow with the shaft bent
at a 90° angle, Figure 99 is a fold-out aid to be used while
d. Damaging winde are a “plus’ symbal; the reader studies the many figures in this report,
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r— . [ CHART PARAMETER ENTRY COLOR SYFEOL*
= - - -]
SR | Fronts, Isobars, Already on negular ALAL — -
Trangitory Discontinuities | Base Map Penoll o s —
Surfﬂ.GP T-DLJ’;’Dr = Pr“ﬂﬂ- FE.'“H:‘ HEEU.:L:L];\
3 ot ¥ Same Perncid L ¥ o i
Regular
12-Hour P Falls Sama SeEuhar . AP
Dry Lines or ; . e
Dry Prods Mandatory Red o003
fleneral Flow Az Requlred Red ik
Low-Level Jets e a3 K
Max-Wind Values Mandatory Red
2 L1
Horlzontal Speed Shears Optional Hed o
50 Mp e
:ELXEE Convergent Zones A3 Requlred Red _*ﬁ,_ﬂ—r-ﬂﬁ"
Low-Level e i -
pAE g ErmnE?, Troughs, Optional Red Y o, T o, T
MoLa bipme Squall Lines e e L
RS Temp Ridges Mendatory Red LN R NN N N
Axis of Cold Advection Optlonal Red __ga-ooee—"
Axes of Molsture Mandatory Graan L T
o fax-Molsture Influx Optional Oreen M
Molet Tongues OpLtlonal Green 10"‘-:
Dry Tonguesa, Prods i : g
or Intrisions Mandatory Brawn ____:,
Molsture As Hequired Brown
; : Mandatory When w
nHpr Ne— o | of | —_—
12-Hr No-Change Lines WeXl Masied Braown f,i-*'“ #
Fronts/Troughs Cptional Brawn é ; A AT
Thermal Troughs Optlonal Brown W
TOO MB vvow
General Wind Flow As Required Brown ’2:-:-:#
3 80K
Max-Wind Axes Mandatory Erown m
ignifi Helght -6
Fﬁ%?: cant Helgh Ostional Brown ( D
= = T . = 0
Significant Temp Fallis Optional Brown G:.—_, —
._| Temp Hidges Oofional Brawn #X xR xieaxm

% These symhbols are for black and white charis. A few color symbols used at
MWWC differ slightly frum what is presented here,

ﬂ Flgure 97 Lisl of the paramater spmbels wied In the figures

of this report.
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CHART PARAMETER ENTHY COLCR SYMBOL*
Convergenl Zones As Regulired Brown e o o e
Too MB fxie of Cold Advection Optional Brovwn —B-0-0-0-0-0- 0
Diffluent Zones Mandatory Brown LV W P P
I Thermal Troughs Mandatory Blus 7 7 ~ vy
Isotherms Mandetory Blue .20002°°°% %80,
Critical Seasonal
Tempe e Lure Optional Blue M
General Wind Flow A3 Required Blue 9%
500 M2 Jet Flow Mandatory Hlue L
and/on . ;
Mid=levels | piffluent Zones Mandatory Blue W
Horlzontal Specd Nin - / UUIUUIUIUInﬂ
- Shaars Mandatory Blue
o L A o -2
ﬁlgvﬁlicant Hedight Optional Alue
Falle .
Slgnillcant Temp Falls Optional Blue 6’: =8 Eﬁ%
i [BO0=mb Molature Optional Green (a0 D
, Jet Flow A3 HRequired Purple
L i . ¥
Jet and Jor Speed-Shear Zonco A5 Regquired Purple
Trop Chart | nyefinant Zones As Required Furple
Jel Max Optional Purple
I Thickness Rldges Mandatory Black
12-Hr No-Change i
Thickness Line Mandatory Blacic
ficant
850/500 mE | Brent - Mandatory Black
Thiekness Thlckness Falls
Chart
Ay iy, Mandatory ¥
Total Totals 50 and Abave Qrange
Zonep of Marked
Ainti=Cyolonle Wind Cptional Blaclk
Shear
- Lifted Index Optional Black
RAUES .
Leviel of Free —~
B envanEen Optional Blacl
Vorticliy Max Positive
Progs Vortieity &dvection Optional Yellow %
SHBAT Severe Weather Threat a00
fnalysis |Ipdex Mandatory Orange ¢ 500
Prognosis —
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