





Figure 6. Synoptic maps on 0000 GMT 19 Feb-
ruary 1977. Depiction same as Figure 1.
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Figure 7. Hodograph for Topeka, KS on 0000 GMT
19 February 1977. Depiction same as Figure 2.

show that the atmosphere was destablizing as in
the previous cases. The wind veered up to 1.5 km
then backed from 1.5 km to 6 km.

3. ANALYSIS OF VARIOUS SEVERE WEATHER
PREDICTORS

Various upper-air indices have been devised, each
trying to quantify potential instability. Four of
.the most widely used were calculated for each
sounding and are given in Table 1. They were the
Lifted Index (LI) (Galway, 1956), the Showalter
(1953) Index (SI), the Total Totals (TT), and the
SWEAT Indices (Miller, 1972). A Lifted Index and
Showalter Index less than zero indicate a good
potential for severe weather. A Total Totals of
50 or greater is generally needed for severe
weather. A SWEAT Index of 300 or greater is
quite favorable.

Of the four, the Total Totals appeared to do the
best to indicate the instability of the atmosphere.
Only in the 16 April case did this index fall below
50. The Lifted Index and the Showalter Index
were only favorable once, although it might be
said that a Lifted Index of +2 in February shows
low stability for that time of year. The SWEAT
Index, which includes a contribution from the
winds aloft, was below 300 in all three cases.
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TABLE 1
Upper Air Sounding Statistics for Each Storm

LI SI TT SWEAT Max Gust Wind Speed
Forecast near 60 kPa

15 April(TOP) 4.5 0 51 269 37 Lg
16 April(OMA)  +2 +2.5 L7 295 Lo 82
18 Feb(TOP) +2 +2 53 193 53 6L

Note:LI is Lifted Index, SI is Showalter Index, TT is Total Totals,
SWEAT is SWEAT Index, Maximum gust is that derived from
Miller(1972) in knots, and wind speed is that reported at
4.3 km(14,000 ft) in knots.

One of the terms in the SWEAT Index is the
difference between the 50 kPa wind direction and
the 85 kPa wind direction. The greater the
difference, i.e., veering, the larger the contribu-
tion of this term to the index. Because in each
case the difference was negative, the SWEAT
Index was below par in its performance.

Miller (1972) describes a method for predicting
maximum wind gusts with a thunderstorm from a
sounding. The method is based on the amount of
instability a moist parcel of middle-level air has
with respect to the surface. A large temperature
difference between rain-cooled middle-level air
and the surface indicates a large acceleration of
downdraft air and subsequent wind gustiness at
the surface. The maximum wind gust for each
sounding was calculated using the method. As
indicated in Table 1, in only one case (18
February) did the method predict wind gusts over
26 m sec’ (50 kts), the minimum for severe.

4. CONCLUSIONS

To explain why these small, weak storms produced
severe wind gusts, an understanding of the struc-
ture of convective storms should be made.
McCann (1975) noted that rain-cooled downdraft
air at the surface originates from the 3 km to 5
km layer above the surface. This is near the 60
kPa level in eastern Kansas. In a steady-state
storm the air at this level descends to the surface
conserving the horizontal momentum it had when
it was aloft. When the speed of the middle-level
air is high, even a small storm can bring the high-
momentum air to the surface and generate strong
surface wind.

The wind aloft in all three cases was very high in
the middle levels. For each case the wind speed
near 60 kPa (Table 1) was very close to the speed
of the wind gusts at the surface. In fact, this was
the only indicator of possible severe wind gusts
for all three episodes.

To conclude, the conditions needed for convective
storms without thunder to produce severe wind
gusts are a small amount of potential instability,
synoptic scale lifting, and strong wind in the 3 km
to 5 km layer above the surface. During the
winter and early spring is the most likely time for
the conditions to be met. The convective process,
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a result of the instability, produces the severe
surface wind by bringing down high-speed air from
middle levels. Severe storm warnings should be
issued if small convective echoes form on radar
when there is strong wind aloft.
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