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ers. A simplified version of his guide­
lines is shown in Table 1. It should be
quite obvious that these rules (as well as
most of the other works cited above) key
upon the highly baroclinic synoptic set­
ting (predominantly in the spring) that
leads to widespread outbreaks of severe
thunderstorms and tornadoes. Indeed,
these are just the type situations that
are handled best (11) by forecasters at
the National Severe Storms Forecast Center
(NSSFC). However, it is well documented
that significant severe thunderstorm epi­
sodes often occur within relatively weak
large-scale meteorological settings (12,
13, 14', 15, 16). Thus, the forecaster
must be extremely cautious if general
guidelines, such as those of Table 1, are
used to evaluate the severe thunderstorm
threat. In particular, it must be real­
ized that generally accepted rules apply

ABSTRACT

Three case studies of sif1lificant thunderstorm episodes
are used to demonstrate that classic severe thW1.derstorm
forecast guidelines work well within strongly baroclinic
synoptic settings and airo to show that outbreaks of
intense severe thunderstorms can also occur within
considerably more benign large-scale environments. It is
suggested that criteria for monitoring the severe
thlUlderstorm threat within weakly baroclinic
environments need to be developed and several possible
approaches are discussed.

1. INTRODUCTION

Since March of 1948, when operational se­
vere thunderstorm forecasting first began
(3), many forecast techniques have been
developed and utilized. Most of these
techniques have their origins in semi-em­
plrical research from the late 1940s to
the late 1950s (4, 5, 6, 7, 8). By the
end of that per iod, a ser ious div ision had
developed between the research and fore­
casting elements of meteorology (9).
Wnile many of the methods developed during
the formative period of severe thunder­
storm forecasting have their origins in
sound physical principles, few have been
subjected to a rigorous scientific examin­
ation in light of recent advances in our
understanding. The advent of computer
models has been accompanied by a trend
away from synoptic meteorology and toward
increasing dependence on numerical guid­
ance (10). Regrettably, many valuable in­
sights have been lost in the process, and
forecasting severe thunderstorms has
largely been separated from basic physical
understanding. The original studies sug­
gest many useful avenues of applied re­
search which have been forgotten, or at
least de-emphasized. Instead, many of
these topics have been translated into
forecasting "rules" which are often pre­
sented without accompanying physical rea­
soning.

In his severe storm forecastlng manual
Miller (3) presented a summary of impor­
tant parameters and suggested guidelines
for rating the intensity of these paramet-
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Figure 1. Composite severe storm
parameter chart (See Reference 3)
23 September 1980.
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Our ing the afternoon of 22 September 1980
a strong cold front pushed through the
mid-Mississippi Valley and lower Great
Lakes Region accompanied by an intense,
pre-frontal squall line. Numerous severe
storms were reported and property damage
was widespread; however, Storm Data ac­
counts indica.ted only 16 personal inju-

to one particular type of severe storm en­
vironment. Three specific storm events
are examined in the next section and the
'rable 1 guidelines are evaluated for each
case. Tnese are chosen to illustrate one
situation where the guidelines apply well
and two situations where they do not. We
suggest several alternate forecasting pa­
rameters that seem to be impor tant in ca­
ses of weak synoptic forcing.

2.1 The Case of 22/23 September 1980

2. EVALUATION
EVENTS

OF THREE SEVERE STORM

r ies. A composi te chart for OOZ on the
23rd is shown in Figure 1 and an evalua­
tion of the strength of the parameters
from Table 1 is presented in Table 2 for
both 12Z on the 22nd and OOZ on the 23rd.
Both the compos i te and Table 2 show this
to be a "classic" severe storm episode
(despite its occurrence in the fall rather
than in the spring~) with all but 3 of the
parameters reaching Miller I s "strong" lev­
el by OOZ. The only characteristics of
this event that do not fit the classic
pattern are: the moderate levels of in­
stability, the lack of intersecting low­
level and upper-level jets (note that the
low-level southwesterly jet is essentially
parallel to the upper-level jet (17», the
moist axis and temperature ridge were co­
incident and the strongest 500 mb height
falls occurred to the north and northwest
of the storm area. Obviously, these
slight deficiencies were more than compen­
sated for by the overall intensity of the
synoptic setting.

TABLE 1 - SUMMARY OF KEY PARAMETERS
(after Miller, 1967)

RANK PARAMETER

1 500 mb vorticity
Advection

2 Stability - Totals
Index

3 500 MB wind speed

4 300 - 200 ME wind
speed (upper-level
max)

WEAK (W) MODERATE (M) STRONG (S)

Neutral PVA-Contours PVA - Contours
or NVA Cross Vorticity Cross Vorticity

Pattern ~ 300 Pattern' 30°

TI ./. 50 50 < TI ~ 55 TI ) 55

WS (. 35 kt 35 < WS ~ 50 kt WS ) 50 kt

WS < 55 kt 55 (. WS ~ 85 kt ws ) 85 kt

5

6

7

8

9

10

11

12

13

850 MB wind speed

850 MB Dewpoint

850 MB Temp Ridge
Location

700 MB Temp No
Change Line (12-h)

700 ME Dry
Intrusion

l2-h Surface
Pressure Fall

500 MB Height
Change (12-h)

Surface Pressure
over threat area

Surface Dewpoint

ws 5 20 k t

Td < 8°C

East of
Moist axis

Winds cross
line ~ 200

Not available
or weak 700 MB
winds

< 1 MB

< 30 M

~ 1010 MB

20 < WS < 35 kt

Over moist axis

Winds cross line
) 20 and ~ 400

Winds from dry to
moist intrude at
angle of < 400
and are.2 15 kt

1 to 5 ME

) 30 M and (. 60 M

(. 1010 MB and
) 1005 MB

55 < Td < 65°F

WS ~ 35 kt

Td) 12°C

West of
moist axis

Winds cross
line) 400

Winds intrude
at an angle of
~ 40° and
are~ 25 kt

) 5 MB

> 60 M

(. 1005 MB
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2.2 The case of 19/20 April 1981

Figure 3. Composite severe storm forecast
parameter chart (See Reference 3) for OOZ
4 June 1980.

During the evening of 19 April 1981 sever­
al tornadoes struck Tulsa, Oklahoma, and
its suburbs. Although only a few severe
storms were reported, the tornadoes were
qui te strong and produced heavy property
damage with 57 people injured and 5
deaths. A composite chart for OOZ on the
20th is shown in Figure 2 and an evalua­
tion of the strength of the parameters
from Table 1 is presented in Table 3.
Note that even though this event occurred
during April, the synoptic setting was
quite weak. The severe storms occurred in
conjunction with a weak short-wave trough
at 500 rob that was moving eastward beneath
a pronounced block ing ridge. The 850 rob
moist axis and tempera ture ridge were po­
sitioned south and east of the storm
area. Many of the "classic" severe storm
features were either not present or were
rated only as weak. However, the low­
level moisture indicators were strong and
the surface pattern was very favorable
(18, 19, 20). Although very significant
severe thunderstorms occurred, an evalu­
ation of the situation based upon the par­
ameter table provides few clues to the
forecaster.

2.3 The case of 3/4 June 1980
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Figure 2. Composite severe storm forecast
parameter chart (See Reference 3) for aaz
20 April 1981.

Dur ing the evening of 3 June 1980 severe
thunderstorms struck eastern Nebraska; the
most significant storm spawned at least 6
tornadoes in the Grand Island area. Storm

Data reports indicate, in addition to very
heavy property damage, more than 200 inju­
ries and 5 deaths. Once again, although
the region affected by severe storms was
not particularly large, the storms were
highly significant. A composite chart for
ooz on the 4th is shown in Figure 3, wi th
an evaluation of the strength of the para­
meters from Table 1 presented in Table 4 .
This event's synoptic setting was also
qui te weak, especially in contrast to the
"classic" severe storm setting. Note that
the severe storms {a second area of severe
storms over the Dakotas is not discussed
here} occurred as a very weak short-wave
trough moved through the large-scale ridge
position and approached a surface warm
front {again a very favorable surface pat­
tern for tornadic storms (20)}. The or i­
entation of both of the 850 rob temperature
and moisture axes were much di fferent than
those described by Miller as being condu­
cive to severe storms. Although upper-and
lower-jets intersected, the severe storms
occurred considerably north of the
upper-jet and to the northwest of a well
defined speed maximum in the upper-jet.
Again, many of the classic features and
parameters were either lacking or were
quite weak. Most notable were the very
high low-level moisture contents and the
extreme instability (note that the dramat­
ic changes from morning to evening make it
all the more difficult for the forecaster
to recognize this situation's potential
threat) .
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These three case studies illustrate that
classic severe thunderstorm forecast
guidelines and techniques work well within
strongly baroclinic, intense synoptic set­
tings, but they also illustrate that out­
breaks of intense and potentially very
dangerous severe thunderstorms can also
occur within considerably more benign and
subtle large-scale environments. The lat­
ter two cases are precisely the most im­
portant type events from the operational
point-af-view because they pose the great­
est challenge to NSSFC forecasters (11).
Both of the weak settings illustrated here
were similar to events discussed by Maddox
and Doswell (16) in that very pronounced
lower-tropospheric warm air advection was
apparently the dominant mechanism that
triggered release of the conditional in­
stability (see also (21». Indeed, these
two events were also similar to the pat­
terns conducive to development of large
convective complexes (22) and in both ca­
ses large nocturnal storm complexes did
develop. It seems clear that better cri­
ter ia than those of Table 1 for monitor ing
the severe thunderstorm threat within
weakly baroclinic environments need to be
developed. Such criteria should focus up­
on the important physical mechanisms lead­
ing to strong storms within such an envi­
ronment. In particular, the importance of
favorable surface patterns and pronounced
east/west thermal boundaries, the degree
of conditional instability and vertical

3. DISCUSSION
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motion forced by lower-tropospheric warm
advection need to be strongly emphasized.
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