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ABSTRACT

Three cases of widespread and persistent intense convective storms are examined. It is shown that synoptic-
scale meteorological settings attending these events did not fit classic severe storm patterns that have been
extensively documented in the literature. The analyses suggest that lower-tropospheric warm advection
dominated mid-tropospheric differential vorticity advection in forcing upward vertical motion that triggered
and organized the convective events. It is hypothesized that by shifting attention from the 500 mb level to
observed and forecast low-level warm advection, the operational forecaster might better anticipate organized,
intense convective outbreaks that develop within relatively benign synoptic-scale settings.

1. Introduction

The occurrence of severe thunderstorms and tor-
nadoes has often been related to upward vertical
motion fields associated with speed maxima in upper-

_and lower-level jet streams (ULJ and LLJ, respec-
tively). Riehl et al. (1952) asserted that divergence
fields associated with speed maxima (i.e., jet streaks)
in the ULJ produce upward motion in the left-front
(left exit zone) and right-rear (right entrance zone)
quadrants of the streak. Beebe and Bates (1955) em-
phasized the interaction of streaks in the ULJ (de-
fined by 500 mb data) and LLJ in the development
of severe thunderstorms. They indicated that two
regions (illustrated in Fig. 1) are favored for intense
convection. Lee and Galway (1956, 1958), using
Beebe and Bates’ findings, related speed maxima
observed in upper-tropospheric winds to tornado oc-
currence in papers that were directly oriented toward
operational severe storm forecasting. Miller (1967)
did likewise in his descriptions of empirical severe
storm forecast procedures.

A decade later Whitney (1977) related satellite
depictions of severe thunderstorms to the positions
of the polar and subtropical jet streams. He found
that severe storms tend to occur north of the sub-
tropical jet and south of the polar jet. Intense con-
vection and severe storms associated with the sub-
tropical jet were shown to occur most often within
the left exit zone, or abreast of, a speed maximum.
McNulty (1978), emphasizing 300 mb instead of the

often considered 500 mb level, suggested that the
divergence patterns associated with upper-level wind
maxima can be used in combination with low-level
moisture, instability and convergence to define areas
where severe thunderstorm and tornado activity
might occur. Uccellini and Johnson (1979) reex-
amined the model of Beebe and Bates (1955) and
showed that the ULJ and LLJ are often coupled by
mass adjustments associated with the propagation
of streaks in the ULJ. Southerly momentum gen-
eration in the lower troposphere helps create an en-
vironment favorable for severe thunderstorm devel-
opment, especially when the intersection of the jet
axes occurs within the exit region of the upper-tro-
pospheric jet streak.

Kloth and Davies-Jones (1980) studied tornado
occurrences during May 1977 in relation to the po-
sition and intensity of the 300 mb jet stream. They
found that tornadoes generally occur beneath 300
mb wind speeds of 15-35 m s™! and within 1250 km
of a jet streak whose maximum winds range from
35 to 55 m s7', In their study the 300 mb level in
the vicinity of tornadic storms was usually charac-
terized by positive vorticity advection and diver-
gence. Further, tornadoes were seen to occur gen-
erally in the left-front or right-rear quadrants of the
jet streak, as suggested by Riehl ez al. (1952). They
noted a tendency for weak tornadoes to be associated
with anticyclonic shear (at 300 mb) and for intense
tornadoes to be associated with cyclonic shear.

Another synoptic feature considered favorable for
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F1G. 1. Configurations of upper-level and lower-level jet streams
favorable for severe thunderstorm development (after Beebe and
Bates, 1955).

severe thunderstorms is strong positive vorticity ad-
vection at 500 mb. For example, Koscielski (1965)
found it inadvisable to forecast tornadoes if 500 mb
positive vorticity advection is not expected. In a sim-
ilar vein, Miller (1967) listed strong positive vorticity
advection at 500 mb as the most important param-
eter for severe weather forecasting.

However, Hales (1979) noted that if vorticity ad-
vection is considered the dominant forcing function
for vertical motion [considering the quasi-geo-
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strophic omega equation (e.g., Holton, 1972,p. 112)]
then 500 mb vorticity advection patterns might be
misleading to the operational forecaster. Indeed,
Doswell (1976) had noted previously that strong pos-
itive vorticity advection at 500 mb is not clearly as-
sociated with many tornado events over the Great
Plains. Hales suggested that consideration of 250 mb
vorticity advection in conjunction with horizontal
wind shear at 250 mb (shear naturally being most
significant in the vicinity of jet streaks or streams)
might help delineate regions with a potential for sig-
nificant severe weather.

All of the studies referenced above, however, have
tended to consider springtime severe storm situa-
tions, i.e., those characterized by strongly baroclinic
weather systems and intense, well-defined jet streams.
The purpose of this paper is to illustrate, qualita-
tively, that classical ULJ/LLJ and 500 mb vorticity
advection relationships considered supportive of se-
vere local storms are not always present or clearly
defined. This is accomplished for three specific cases
by relating satellite depictions of the evolution of
intense, long-lived convective storm systems with the
concurrent evolution of 850 and 200 mb jet streams,
and with LFM forecasted 500 mb vorticity advection
and barotropic vorticity analyses. The role of lower
tropospheric warm advection in these severe storm
cases is then considered.
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F1G. 2. Locations of severe storm reports on 11 and 12 April 1980.
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FIG. 10. Locations of severe storm reports on 2 and 3 July 1980.

convection developed and became widespread. Ni-
nomiya (1971) and Fankhauser (1974) also have
noted dramatic increases in upper-tropospheric di-
fluence after severe thunderstorms develop. This case
was in conflict with forecast rules (such as Miller,
1967) that emphasize pronounced upper-level difiu-
ence as a prognostic aid in forecasting the severe
thunderstorms occurrence.

b. The case of 2-3 July 1980

During the afternoon and evening of 2 and 3 July
1980 an outbreak of severe thunderstorms, torna-

122 2 July

FIG. 11. Jet stream analyses for 1200 GMT 2 July 1980.
Details are similar to Fig. 3. -

does, large hail and high winds occurred along a
swath from central Missouri eastward across Ken-
tucky. During the night of the 3rd, heavy rains and
flash flooding occurred in portions of Indiana, Ken-
tucky, Illinois and Missouri. Severe storm events re-
ported to Storm Data for this outbreak are shown
in Fig. 10 and indicate that this particular convective
system primarily produced damaging surface winds
as it swept eastward.

The jet stream analysis for 1200 on the 2nd (Fig.
11) shows intense convective storms occurring at the
nose of the LLJ, ~1000 km south of the ULJ streak.
The anticyclonic curvature of the 200 mb winds in-
dicates that these storms were beneath the upper-
tropospheric ridge, in a region of relatively weak ver-
tical wind shear.

Evolution and eastward movement of this intense
convective system is illustrated in Figs. 12a-d. From
1215 to 2200 (Figs. 12a-12c) the system moved
steadily southeastward across Missouri and southern
Hlinois. However, the 2200 image shows a number
of thunderstorms developing across southern Indiana
and Kentucky, east of the main system. These new

- storms developed explosively and by 2300 (Fig. 12d)

the convective system elongated eastward, merging
with the new activity.

The jet stream analysis for 0000 on the 3rd is
shown in Fig. 13. Comparison with Fig. 11 shows
that the intense storms at 0000 had remained directly
beneath an upper-tropospheric anticyclone in a re-
gion of apparent weak vertical wind shear. Note that
the new storm developments in the Ohio Valley oc-
curred within the right exit zone of the ULJ streak,
a region usually not considered favorable for severe
storm genesis. The 1200 LFM forecast valid at 0000
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F1G. 17. Locations of severe storm reports on 3 and 4 June 1980.
GRI indicates location of Grand Island, Nebraska.

convective storms is illustrated in Fig. 20. At 0115
(Fig. 20a) the storms over North Dakota were the
most impressive. By 0645 (Fig. 20b) the storms over
both North Dakota and Nebraska/Towa had grown
into large nocturnal complexes, while the cluster of
activity over the southern plains had weakened. By
1330 (Fig. 20c) the complex which originated near
Grand Island had moved eastward over northern Il-
linois and was about to weaken rapidly. To the north,
a large area of intense convection persisted over
Minnesota and eastern North Dakota.

The jet stream analysis for 1200 on the 4th (Fig.
21) indicates little change in the character and in-
tensity of the LLJ, but considerable changes in the
ULJ structure. A new, anticyclonically curved ULJ
branch was present around the northern and eastern
periphery of the convective complex which had
devastated Grand Island. Note the observed north-
westerly winds in excess of 50 m s™' directly east of
the convective system.

Objective analyses of subsynoptic divergence at
250 mb are presented in Figs. 22a and 22b for 0000
and 1200 on the 4th of June. The subsynoptic winds
were extracted from the upper-air data utilizing a

00Z 4 June 80

F1G. 18. Jet stream analyses for 0000 GMT 4 June 1980.
Details are similar to Fig. 3.

bandpass filter centered at 1900 wavelength km [see
Doswell (1977) for a detailed description of the ob-
jective analysis technique]. Comparison of Figs. 22a
and 20a shows that initial storm developments in
eastern Nebraska occurred beneath a region of weak
upper-tropospheric convergence. However, by 1200
(Fig. 22b) the active storm complexes were asso-
ciated with a well-defined region of upper-level di-
vergence. There is no apparent continuity between
the divergence analyses of Figs. 22a and 22b. The
observed evolution of upper-tropospheric winds and
divergence is quite similar to that documented in the
vicinity of other long-lived convective complexes by
Maddox (1980), Fritsch and Maddox (1981) and
Maddox et al. (1981). Note again that both the di-
fluence and computed divergence of the upper-tro-
pospheric flow increased markedly over the persistent
convective systems.

F1G. 19. Barotropic 500 mb height and vorticity analysis
for 0000 GMT 4 June 1980.









