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WIND SHEAR AS A PREDICTOR OF SEVERE WEATHER 
FOR THE EASTERN UNITED STATES 

I. INTRODUCTION 

Hugh M. Stone 

Eastern Region Headquarters 
Nat I on a I Weather Service, NOAA 

Garden City, New York 

Various numerical and observational studies have Indicated 
that wind shear may be useful In explaining and possibly 
forecasting the type of convective storms that develop under 
unstable atmospheric conditions. Most of the observational data 
supporting the results of the numerical experiments are taken from 
tha Great Plains region of the United States, an area we!! known 
for strong thunderstorm activity. In this study we seek to 
Identify relationships between various measures of wind shear and 
stab IIi ty and the occurrence of severe weather In the eastern 
United States. We will show that some good relationships do 
exist, that may be useful In assessing afternoon severe weather 
potential. 

Convective storms evolve Into many complex forms, but they 
may be loosely classified Into three types: single cell, 
multlcell, and supercell. The single cell Is the most basic unit 
of convection consisting of a single updraft, usually occurring In 
I ight wind shear conditions, with the cool air from the downdraft 
spreading equally In all directions. This cuts off the supply of 
warm moist air to the cell and Its lifetime Is short. 

Multicell convection starts with a single cell growing In a 
moderate wind shear environment, which causes enhanced convergence 
on a portion of the outf-low boundary, usually In the direction of 
storm movement, so new cells continually develop on the boundary. 
The motion of the storm may differ from the motion of Individual 
cells due to the propagation of new cells. The two motions are 
Identical only when new cells develop directly In the path of the 
older cells. Severe weather, usually high winds and hall may be 
associated with multlcel I storms along with some tornadoes that 
are usua I I y short lived. 

The supercel I storm Is a quasi-steady state type of 
convection that may persist for several hours while moving usually 
to the right of the mean low level wind. These storms occur with 
stronger wind shear with the shear vector veering with height for 
right moving supercells. On rare occasions a wind shear vector 
backing with height may produce a supercell moving to the left of 
the mean wind. The usual right moving supercell Is associated 
with a mid level mesoscale cyclonic circulation that gradually 
propagates downward to the ground. Strong long lived tornadoes, 
large hall, and high winds are common with this storm type. The 
wInd shear a I I ows the storm to move a I ong Its own outf I ow boundary 
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so that a continuous supply of warm moist air may feed the storm. 
The principal updraft occurs near the center of the m~socyclone 
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an down ra becomes su c en y s rong, so a wraps 
around the mesocyclone occluding with the forward downdraft, in an 
analogous manner to the occlusion of a cold front with a warm 
front ln a synoptic scale low pressure system. If this happens, 
the storm becomes cut off from its energy source, and sometimes a 
new supercel I develops at the point of occlusion. 

Recent numerical cloud modelling experiments of Weisman and 
Klemp (1982,1984,1986), hereafter referred to as W&K, have 
produced some remarkable simulations of these three types of 
convective storms. In their experiments they start the model with 
a .horizontally homogeneous atmosphere with a spec! fled buoyant 
energy, and give the model a small warm temperature perturbation 
to Initiate convection. The effect of wind shear ls examined by 
keeping all conditions the same and varying the shear. It ls shown 
that given the same degree of Instability, the resulting 
convection ranges from the short lived single cell to supercell 
storms depending on the prescribed wind shear. 

W&K also show that ln a weakly unstable atmosphere convection 
can grow with smal I wind shear, but dies out ln higher wind 
shear. Likewise, isolated supercell growth occurs ln highly 
unstable conditions with strong wind shear, while weaker 
convective cells diminish. Instability and wind shear both have 
an important effect ln determining the type of convection that may 
develop, and they can be combined into a single parameter called 
the Bulk Richardson Number (BRN) which ls the ratio of buoyant 
energy "B" (positive area on a thermodynamic diagram) to wind 
shear: 

BRN = B I .5u2 

where U is evaluated by taking the magnitude of the vector 
difference between the density weighted mean wind over the lowest 
six kl lometers of the wind prof! le and the mean wind ln the lowest 
500 meters of the atmosphere. 

Model results indicate that supercells develop with BRN less 
than 50 and multlcel I storms predominate with BRN greater than 
about 35. A smal I sample of observed storms are compared by W&K 
to the model results and compare very well as shown ln Fig. 1. 

Another observational study by Rasmussen and Wilhelmson 
(1983) indicates that tornadlc storms may be dlscrlmlnated from 
non-tornadlc storms by a consideration of potential buoyant energy 
and a measure of wind shear. Their potential buoyant energy is 
calculated in a similar manner to the buoyancy "B" of the previous 
study and represents the positive energy available between the 
level of free convection <LFC) and the equilibrium level <Ell. 
Their measure of wind shear Is different than the shear of W&K. 
The shear used here Is measured from the surface to four 
kilometers and Is the sum of weighted shear vector magnitudes for 
each 200 meter layer divided by the total depth of 4000 meters. ,~ 
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This method quantifies the shear better in soundings which have 
large fluctuations In speed and direction seen In loo·ptng 
hodographs •. A vector difference between high and low levels tends 
to underestimate shear with this type of prof! I e. 

Their results are shown In Fig. 2, which Is a plot of storms 
prlmarl ly from the southern Great Plains region, as a function of 
shear and buoyant energy. Tornadlc storms In this sample fall 
exclusively In the region of high shear and high potential buoyant 
energy with non-tornadlc storms almost exclusively In the region 
and lower shear and lower buoyant energy. Stability and shear are 
computed from the 1200 GMT raob data closest to the storm location 
with storms genera I I y occurrIng In the afternoon. On I y those 
cases are shown where there was no significant change of airmass 
during the period between 1200 GMT and the time of storm 
occurrence. All cases In which soundings changed due advection or 
vertical motion during the day were discarded. 

Both studies discussed above Indicate a potential for using a 
combination of wind shear and stability from the 1200 GMT raob 
data to predict the type of convection, If any, that may occur 
during the afternoon. Since supercell storms are more likely to 
be as soc I ated wIth severe weather than the sIng I e ce I I or 
multlcell storms, It Is possible that these two parameters may be 
usefu I for assessIng the potent I a I for severe weather In genera I. 
Measures of wind shear and stability very similar to those used In 
the previously mentioned studies are aval I able from an AFOS 
applications program CONVECT (Stone, 1988) and will be 
statistically evaluated for their usefulness In assessing severe 
weather potential over the eastern United States. 

I I • METHOD 

Various wind shear and stability parameters are computed from 
the 1200 GMT raob data for the fifteen locations In the eastern 
United States shown In Fig. 3 during the period between 20 Apr I I 
and 30 September 1987. Severe weather occurrences are available 
da II y In the "Tornado and Severe Thunderstorm Reports -
Preliminary List" complied by the National Severe Storms Forecast 
Center (NSSFCl and distributed via the AFOS product STADTS. Since 
this Is the preliminary list, It may contain a few erroneous 
reports and some storm reports are usually missing due to their 
late arrival at NSSFC. Despite Its deficiencies, It gives a 
fairly good lndtcatlon of severe weather actlvlty and lt ls 
readily available. The type of convection, single cell, multlcell 
or superce I I that produced the severe weather events l s not 
available In STADTS, and can usually only be obtained by a 
detal led examination of the radar Imagery, which Is beyond the 
scope of this study. 

Occurrences of severe weather events between 1800 GMT and 
2400 GMT wlthln a 125 nautical mlle radius of each raob station In 
Fig. 3, were complied. Severe weather Is reported In four 
categories: tornado, large hal I greater than 3/4 Inch, wind gusts 
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In excess of 50 knots, and wind damage. Any one of the four types 
of events was considered a severe weather occurrence In the -") 
statistical analysis. Although multiple events frequently occur 
In the vicinity of the raob station, the only thing considered In 
the analysis Is whether or not severe weather occurred; one event 
Is not considered any differently than a dozen events. 

To assess the relationship between the various wind shear and 
stab! I lty parameters and the occurrence or non-occurrence of 
severe weather In the vicinity, point biserial correlation 
coefficients are computed for each parameter and multiple 
correlation coefficients for the entire group of parameters. The 
point biserial correlation coefficient measures the relationship 
between a continuous variable, e.g. buoyant energy, and a binary 
variable, e.g. occurrence or non-occurrence of severe weather 
events. 

Ill. PARAMETERS AVAILABLE FROM THE 1 CONVECT 1 PROGRAM 

1. E I Energy Index 
This stability Index (Stone, 1984) Is a measure of buoyant 

energy of a parcel. It Is computed by selecting the parcel In the 
lowest 150 mbs of the atmosphere that has the highest wet bulb 
potential temperature and raising that parcel to the 400mb level, 
while entraining environmental air at a rate that provides a 60 
percent Increase In mass over a 500 mb ascent. The energy Index 
Is the sum of positive and negative energy areas as the parcel 
ascends to the 400mb level. 

2. Ei+ 

3. El-

4. B+ 
The 

(Ell and 
positive 

5. B-

Positive part of El. 

Negative part of El. 

Positive buoyant energy 
same parcel used In El Is I ifted to the equilibrium level 
energy areas are computed without entrainment. The 
part Is B+ and the negative part B-. 

Negative buoyant energy 

6. BRN Bulk Richardson Number 
The ratio of positive buoyant energy to the measure of wind 

shear SHR described below. BRN = B+/SHR. 

2 7. SHR Density weighted wind shear. SHR = U /2. 
U is calculated as the magnitude of the density weighted mean 

wind vector from the surface to 6 kilometers minus the mean wind 
of the lowest 500 meters. Used by Weisman and Klemp (1986). 

8. SS5 Speed shear to 5 thousand feet above ground level (AGLl. 
Computed by summing the magnitude of wind shear vectors In 

thousand foot Increments from the surface to 5 thousand feet AGL 
according to the formula: 
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where N = 5. 

- 1 SSCNJ - N 

9. SS10 Speed shear to 10 thousand feet AGL 
Computed as above with N = 10. 

feet AGL 10, SS15 Speed shear to 15 thousand 
Computed as above with N = 15. 

approximately the same as that used 
(1983), 

This measure of shear Is 
by Rasmussen and WIlhelmson 

11. VS5 Vector product shear to 5 thousand feet AGL 
See 13 be I ow. 

12. VS10 Vector product shear to 10 thousand feet AGL 
See 13 be i ow. 

13. VS15 Vector product shear to 15 thousand feet AGL 
The vector product shear is a measure of wind shear that 

combines both the variation of wind direction and wind speed with 
height. It is computed in three steps: 

I. Wind vectors are Interpolated from standard reporting 
levels to one thousand foot Increments from the surface to 
16 thousand feet AGL. 

I!. The resulting wind hodograph is smoothed by averaging 
the wind at each level with the level above and below It, 
according to the formula: 

1 
yi = 3 cyl-1 + yi + yl+1J 

where i = 0 ••• 15, and Y_ 1 = Q. 

I I I. The vector product shear is defIned as the sum of the 
signed magnitudes of vector products of the smoothed shear 
vectors in thousand foot Increments according to the formula: 

VSCNJ = t .Is. • CY
1 

- Y
1
_ 1 J X CY

1
_ 1 - Y

1
_2 J 

I= 1 

where N = 5, 10, 15 for VS5, VS10, and VS15, respectively, 
Y = Q, and .Is. is the positive unit vector in the vertical. -1 

The vector product shear is Illustrated schematically with the 
smoothed wind hodograph shown in Fig. 4. Since the magnitude of a 
vector product is equa I to the area of a para I I e I ogram that I i es 
between the two vectors, the vector product shear as defined above 
Is the sum of the areas of the para II e I ograms de I I neated by the 
hodograph. The vector product shear Is positive, If the shear 
vectors veer with height and negative, if they back with height. 
If there is no variation of the wind shear direction with height, 
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then the contribution to the vector product shear Is zero, even 
though significant speed shear may exist. 

In the I I lustratlon of Fig. 4 the shear vector veers with 
height to three thousand feet and the contribution to VS5 Is the 
positive sum of areas of the first three para! lelograms; above 
three thousand feet the shear vector backs with height and the 
final two parallelograms make a negative contribution to VS5, but 
their sum Is not large enough to cancel the large positive sum 
below three thousand feet, so VS5 Is positive In this example. 

IV. RESULTS 

Point biserial correlation coefficients between the various 
stab! I ity and wind shear parameters and occurrence of severe 
weather are shown In the first thirteen I lnes of Table 1. The 
first column of the table showns coefficients obtained from the 
complete data sample consisting of 1755 cases, approximately 73 
percent of the potentially aval !able data for this period. Only 
operationally available data were used In this study. Some data 
were lost due to communications fa! lure or computer failure that 
prevented the data col lectlon program from operating. No attempt 
was made to retrieve data missing for any reason. Cases were 
excluded from the sample, If any portion of the data was missing, 
e.g. winds not available to 16 thousand feet, El missing, etc. 
The only exception occurs with the parameters B+ and B-, which are 
not defined unless the EL Is at some distance above the ground. 
On very stable days EL is on the ground, there Is no positive 
area, soB+ and B-are not available. This Is the reason 
correlation coefficients are not computed for B+, B-, and BRN in 
the first column of Table 1. All other parameters can be 
computed, If the raob is comp I ete. 

Table 1 shows that when the ful I data sample is considered, 
the best correlation to severe weather Is obtained from El+ with a 
coefficient of .288. This Is somewhat better than the correlation 
of El (the sum of El+ and El-) at .256. A multiple correlation of 
a! I parameters using a screening regression process shows that a 
combination of El+ and El- yield a correlation of .300 (line 14). 

The correlation of a! I wind shear measures Is very poor with 
the best being SHR at -.067. The screening regression program 
picked the vector product shear VS15 as the third best predictor, 
but when combined with El+ and El- the multiple correlation Is 
only Increased to .303, an Insignificant Improvement over .300 for 
the E!+ and El- combination. Although wind shear organizes 
convection and may be useful In determining Its type and 
Intensity, we will show that It can be used as a general predictor 
of severe weather only under special circumstances. 

Prev lous stud les have demonstrated that E I Is we II reI a ted to 
general thunderstorm activity (Hicks et.ar., 1986) and when the 
mornIng E I Is posItIve It has been shown that the probab I I I ty of 
afternoon thunderstorms In the vicinity Is 90 percent or more 
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(Stone, 1985,1986). Therefore, we extract a subset of the data, 
In which El Is positive and the EL Is above ground level so that 
B+, B-, and BRN are available and we are confident that at least 
90 percent of this sample consists of thunderstorm days. The 
correlations of the various parameters of this subset, consisting 
of 506 cases, Is shown In column 2 of Table 1. 

The best corre I at I on to severe weather Is st iII E I+ but the 
coefficient has now dropped to .145. Note that the correlation of 
El- has become negative. This means that favorable conditions for 
severe weather exist when a large El+ Is associated with a large 
negative El-. This Is evidence of the lid phenomenon (Carlson, 
1982), In which the negative energy area near the bottom of the 
raob sounding suppresses convection until sufficient heating takes 
pI ace to I et parce Is break through the I I d and uti I I ze the I arge 
positive area aloft to produce severe convection. When El+ and 
El- are combined for multiple correlation, the result Is a 
coefficient of .180. The buoyant energies B+ and B~ have a 
similar relationship to severe weather and when we combine them 
the multiple correlation Is .185, not a significant Improvement 
over the El+, El- combination. 

The more Important thing about this relatively unstable set 
of data with positive El, Is that wind shear, In particular the 
vector product shear, ls now more closely related to severe 
weather occurrence. The shears SHR, SS5, SS10, and SS15 are now 
positively correlated to severe weather, but the coefficients 
remaIn sma I I. ThIs IndIcates that severe weather Is weak I y 
related to strong speed shears on days with high buoyant energy. 
The more significant Increase In correlation Is seen In the vector 
product shears, with VS15 being best with correlation .142, almost 
as good as Ei+ with .145. The screening regression programs 
selects VS15 as the best wind shear predictor and yields a 
multiple correlation of .229 when combined with Ei+ and El-. 

The bulk Richardson Number, BRN, gives rather disappointing 
results with a correlation of only .053. The cloud modelling 
studies of Weisman and Klemp (1982,1984,1986) Indicate that BRN is 
well related to the type of convection, single cell, multlcell, or 
supercel I and this Is also supported by a I lmlted sample of 
observational data. The poor correlation of BRN may be due to the 
fact that supercell convection Is more uncommon In the East, and 
the majority of our sample of severe weather events Is probably 
due to multlcell stqrms. However, It Is also possible that the 
wind shear, SHR, used In computing BRN Is not sufficiently wei I 
related to supercell convection. Although supercells can be 
generated In the Klemp-Wilhelmson cloud model using a straight 
line hodograph, In nature, the supercell almost always occurs with 
the shear vector veering with height, which provides a supercel I 
moving to the right of the mean wind. It seems likely that a 
measure of wind shear such as the vector product shear, which 
accounts for the rotation of the shear vector with height, may be 
better related to supercell convection. Nevertheless, the vector 
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product shear is clearly the better predictor of severe weather 
than any of the speed shears. 

Our sample of thunderstorm days with positive El Is then 
sp I It Into. two parts, one for the spring season, Apr II through 
June, and summer, July through September. The results are shown 
In columns 3 and 4 of Table 1. This split reveals a very 
significant result, namely, that wind shear Is highly correlated 
with severe weather In the spring and virtually uncorrelated In 
the summer. 

During the spring season (column 3) the vector product shear 
VS15 shows the best correlation with a coefficient of ,301, 
s·llghtly better than VS5 and VS10; second best are the speed 
shears SS5, SSiO, SS15 followed by SHR. It Is interesting that 
the correlation of vector product shear Is about the same whether 
It Is computed to 5, 10, or 15 thousand feet. This Indicates the 
the most Important part of the shear Is In the first five thousand 
feet, although, a small Increase In correlation Is achieved by 
computing to 15 thousand feet. 

It Is Interesting that stability (buoyant energy) Is not well 
correlated during the spring season. Even the multiple 
correlation coefficient of El+ and El- Is only .139 and the B+, B
comblnatlon Is .121. The screening regression yielded the best 
correlation .334 with the combination of El+, El-, and VS15; the 
fourth parameter selected was SS15, but this Increased the 
correlation only to .336, an Insignificant Improvement. 

When we examine the correlations from the summer season, July 
through September, the Importance of buoyancy and wind shear are 
reversed. In this case, the best stability measure Is El+ with a 
correlation of .179 and when combined with EJ- this rises to .210, 
while the B+, B- combination Is slightly better at .222. All the 
wind shears are very poorly correlated to severe weather in the 
summer and multiple correlation coefficients are not significantly 
Improved when wind shear Is combined with buoyancy. 

The end result Is that the vector product wind shears are 
wei I related to the occurrence of severe weather on unstable days 
during the spring season, but they are almost worthless as a 
predictor during th• summer. Although our study Is based on a 
relatively small sample, we believe the results are essentially 
correct, since th~y agree with a subjective evaluation of the same 
parameters during the 1986 season in which no statistics were 
kept. 

Histograms of relative frequency of severe weather for 
various ranges of the vector product shear VS15 are shown In Flg.5 
for both spring and summer seasons. The histogram for the spring 
season shows a clear relationship between VS15 and frequency of 
severe weather; high values of VS15 are more frequently associated 
with severe weather than low values. In this data sample, VS15 · .. J··· 
exceeding the value 18 had a 67 percent frequency of severe . 
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weather. Conversely, the histogram for the summer season shows 
() I ittle, If any, relationship between VS15 and frequency of severe 
, weather. Since the range of values of VS15 are similar during 

spring and summer, It seems I ikely that the difference between the 
seasons may be attributed to the varying Influence of dynamic 
forcing. During the spring dynamic forcing Is substantially 
stronger than during the summer months. It appears that favorable 
wind shear combined with dynamic forcing initiates severe 
convection in the springtime, but during the summer favorable wind 
shear Is usually not accompanied by sufficient forcing to trigger 
severe weather. As shown In Table 1 summertime severe weather Is 
more related to the aval I able buoyant energy. 

Rasmussen and Wilhelmson (1983), hereafter referred to as 
R&W, Investigated the relationship of afternoon tornadlc storms to 
both potential buoyant energy (PBE) and wind shear computed from 
the 1200 GMT soundings. A sample of storms primarily from the 
southern Great Plains was selected which Includes tornadlc storms, 
non-tornadlc storms with mesocyclones, and storms without 
mesocyclones. The sample was carefully selected, discarding cases 
where the sounding was affected by nighttime or early morning 
convection, and eliminating cases In which the sounding changed 
significantly during the day due to advection or vertical motion. 
The storms were plotted on a graph (Fig. 2) with shear and PBE as 
axes, with all tornadlc storms falling In the area of high PBE and 
high shear, storms without mesocyclones fall In the area of low 
PBE and low shear, and non-tornadlc storms with mesocyclones In 
between the previous two. 

Our sample of severe weather Is not carefully selected, but 
consists of all possible cases that our data collection program 
was able to record. As mentioned previously we have no record of 
the type of convection that produced the severe weather, but we do 
have the severe weather events Identified according to type: 
tornado, large hall, or high wind. Our speed shear SS15, which Is 
computed to 15 thousand feet AGL Is almost the same as the R&W 
shear computed to four kilometers. Likewise, our stability 
measure B+ is approximately the same as the R&W PBE; both are 
computed between the level of free convection LFC and the EL. Our 
sample consists of 153 severe weather cases during both spring and 
summer seasons, of these, 27 are tornadoes. We wou 1 d like to 
distinguish the tornadlc from the non-tornadlc severe weather in 
the manner of R&W. 

The result Is shown In Fig. 6 with 'x' plotted for tornado 
and 1 o 1 for non-tornadlc severe weather as a function of SS15 and 
B+. Unfortunately, tornadoes and non-tornadlc severe weather seem 
to be randomly Interspersed. Similar plots using other measures 
of shear and buoyancy produced no better results. In our data 
sample tornadlc and non-tornadlc storms cannot be distinguished 
using the shear-buoyancy graph. 

) There are several posslbllltles for the difference between 
'",___, our results and those of R&W. First, the geographic area Is 
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different. Sup·ercell storms are not as common in the East as In 
the southern Great Plains. The tornadoes In our sample are not 
necessar II y from superce I I storms, perhaps none of them are; we do (J 
not know. The R&W data samp I e consIsted exc I us I ve I y of superce 1 I \ .. 
tornadoes and the data were carefu I I y screened to remove cases 
where buoyancy and shear changed drastically during the day. Our 
data sample Is not screened at alI and undoubtedly contains cases 
where buoyancy and shear change completely between the 1200 GMT 
raob sounding and the occurrence of severe weather In the 
afternoon. Perhaps a more carefully collected data set would 
reveal a relationship between shear, buoyancy, and tornadlc storms 
In the eastern United States, but our present data shows none. 

V. CONCLUSION 

Both buoyant energy and wind shear contribute to creating an 
atmospheric environment favorable for the development of severe 
weather. Convection may begin when a sufficient amount of buoyant 
energy Is present In the atmosphere. Three dimensional cloud 
models and observational evidence Indicate that the type of 
convection that develops Is related to the wind shear. Weak wind 
shear Is associated with single cell convection, moderate shear 
produces multlcel I storms, and stronger speed shear with a 
clockwise rotating shear vector In the lowest levels are typical 
of supercell storms. Severe weather may occur with both multlcell 
and supercel I storms, but the stronger severe weather and 
long-lived tornadoes are most common with the supercell storms. 

On unstable days when afternoon thunderstorm activity Is 
likely, we find that wind shear, In particular the vector product 
shear (VS5, VS10, or VS15l, Is fairly well related to the 
occurrence of severe weather. The difference we obtain between 
the spring (April-June) and the summer (July-September) seasons Is 
quite significant. The vector product shear has a good 
relationship to severe weather In the spring, but very I lttle 
relationship In the summer. Since similar shears occur In both 
seasons, It seems I Ike I y that the stronger dynamIc fore I ng that 
occurs In the spring supports the wind shear resulting In 
supercell type storms, while during the summer the general lack of 
dynamic forcing precludes supercel I development. 

Supercel I storms are not as common In the East as In the 
Midwest. Some storms develop In the east that have supercel I 
characteristics but lack the Intensity of the Midwest type 
supercell. This type of eastern storm does not always produce 
tornadoes, but frequently produces high winds and large hall. The 
significant correlation we obtain between shear and springtime 
severe weather Is probably the result of this type of storm. The 
summertime severe weather seems to be primarily associated with 
multlcell storms and we find little relationship to wind shear. 
During the summer season airmass type thunderstorms are more 
common and they typically occur where Instability Is greatest. 
However, even during the summer, some weak mesoscale or synoptic 
scale forcing Is usually needed to produce severe weather. ·~) 
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C) We also find that positive buoyant energy as measured by the 
parameter El+ Is better correlated with severe weather than the 
energy Index El, which ls the sum of El+ and El-. El-, the 
negative buoyant energy area, ls negatively correlated to severe 
weather, which seems to be a result of a ltd phenomenon, which 
suppresses convection until the ltd ls broken by sufficient solar 
heating which allows severe convection to begin at that point. 
The El buoyant energy measure uses a parcel having maximum wet 
bulb potential temperature ln the lowest 150mb of the atmosphere, 
and energy ls computed up to the 400mb level. The B+ measure of 
buoyant energy has been used by most Investigators and represents 
the energy between the LFC and EL. We flnd that correlations to 
severe weather are sl m I I ar for both of them, but s 1 nee E I may 
always be computed, whereas, B+ may be computed only on unstable 
days, we prefer the El energy measure. Both buoyant energy and 
wind shear computed from the morning raob sounding can be used to 
assess the potential for severe thunderstorms during the 
afternoon. 

If the atmosphere ls sufficiently unstable to support 
afternoon convection, the type of convection that results depends 
on the amount of buoyant energy available and the wlnd shear 
structure, and the amount of dynamic forcing available, lf any. 
Our study has neglected thls third factor, but significant severe 
weather outbreaks are nearly always associated wlth some dynamic 
forcing, either mesoscale or synoptic scale. The degree of 
lnstabi I tty and the wind shear structure combined determine the 
atmospheric response to whatever forcing that may be Imposed. We 
have found that a useful predictor for assessing atmospheric 
response is a I inear combination of El+, El-, and VS15, but the 
combination B+, B-, and VS15 yields an equally good predictor. 

Although Weisman and Klemp (1984) found that BRN was a good 
Indicator of the type of convection that may occur, our results do 
not con f 1 rm 1 t' s va I ue 1 n the eastern Un 1 ted States. We be I 1 eve 
that buoyant energy and wlnd shear are more useful considered 
separately and should not be combined Into a BRN. 

We dld not flnd buoyant energy and wlnd shear to be useful ln 
dlstlngulshlng between tornadlc and non-tornadlc storms. R&W dld 
find a useful relationship for Midwest storms, so It may be that 
the scarcity of supercell tornadoes In the East Is the problem. 

Finally, we should recall that all our results are based on 
buoyant energy and wind shear computed from the 1200 GMT raob data 
and correlations are then made with afternoon severe weather. 
Conditions can change significantly over this six to twelve hour 
period, the atmosphere can stabilize or destabilize, and shear can 
become more or less favorable as the day progresses. The NEXRAD 
Doppler radars that will be deployed In the early 1990's will have 
the capability of monitoring the low level wind profile at 
frequent time Intervals. There Is also a possibility that a wind 
profiler network may be established In the future. With the 
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advent of this new technology we wit 1 be able to observe the 
change In the wind hodograph periodically through the·day and thus ·/.J. 
assess the progression to a favorable or unfavorable shear 
condition for severe convection. Meanwhile, the wind shear, 
especially In the springtime, should stili be an important 
consideration In determining the potential for afternoon severe 
weather. 

A case study of an early season severe weather outbreak in 
eastern Ohio and western Pennsylvania Is given In the appendix. 
it Illustrates the Importance of wind shear, Interacting with 
instabi llty and dynamic forcing, In creating a favorable 
environment for the development of severe weather. 
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APPENDIX 

The first severe weather of 1987 In the Eastern Reg I on (] 
occurred during the afternoon and evening of March 25th, about a 
month before we began gathering data for the statistical study of 
this report. Large hall up to 1.75 Inches In diameter was 
observed over portions of West Vlrglnla, eastern Ohio, and western 
Pennsylvania. The preltmlnary severe weather list (STADT$) from 
NSSFC and the corresponding plot are shown In Fig. 7. This 
weather occurred In advance of a cold front that moved Into 
western Pennsylvania later In the evening. 

The 850mb chart for 1200 GMT Is shown In Fig. 8. The low 
center Is In extreme northwest Missouri with cold air advecttng 
around the south side of the low and the ridge Is along the east 
coast. The 500mb chart (fig. 9l shows that the circulation Is 
nearly vertically stacked. The main positive vorticity advection 
is In Michigan and southern Ontario. A minor vorticity lobe In 
western Tennessee Is advecttng toward the northeast and provides 
some weak dynamic forcing for the severe weather that occurs later 
In the day. 

The energy Index El, shown In Fig. 10, Indicates the 
prlnclple buoyant energy In the Carolinas and Georgia with a 
relatively unstable tongue extending toward the north Into Ohio. 
The vector product shear VS15 Is shown In Fig. 11. The largest 
values, where convection Is favorable, lies through the area of 
West Vlrgtna, eastern Ohio, and western Pennsylvania, 
approximately the same area where the severe weather occurred. 
The hodograph for Pittsburgh (fig. 12) shows the characteristic 
veering of the shear vector with height and strong speed shear, 
particularly In the levels below five thousand feet. It Is 
read! ly seen that the prlnclple contribution .to the VS15 shear 
comes from these lower levels; the hodograph Is nearly a straight 
I lne between seven thousand and sixteen thousand feet MSL. 

The main point Is that severe weather occurred where wind 
shear Is favorable, In a weakly unstable area, with some dynamic 
forcing due to the approaching front and weak positive vorticity 
advection that develops later In the day. All three factors, 
shear, lnstablllty, and dynamic forcing, come together during the 
afternoon to produce this outbreak of severe weather. The severe 
weather d l d not occur further south l n the Caro I l nas where 
lnstabl I tty was greater, because shear conditions were not quite 
as favorable and dynamic forcing was absent. 
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Table 1 

Point biserial correlation coefficients between various parameters 
from the 1200 GMT raobs and severe weather observed during the 
period 1800-2400 GMT. 

No. Cases 

1 E I 
2 El+ 
3 El-
4 B+ 
5' B-
6 BRN 
7 SHR 
8 SS5 
9 SS10 
10 SS15 
11 V S5 
12 VS10 
13 VS15 

A I I E I 
APR-SEP 

1755 

.256 

.288 

.221 

-.067 
-.022 
-.064 
-.062 

. 05 1 

.049 

.048 

2 

E I > 0 
APR-SEP 

506 

• 12 2 
• 1 45 

-.067 
. 12 3 

-. 136 
.053 
.031 
.066 
• 058 
.068 
• 1 1 9 
.138 
• 142 

Multiple correlation coefficients: 

14 
1 5 

16 
1 7 
1 8 

EI+,EI
EI+,EI-,VS15 

B+,B
B+,B-,SHR 
B+,B-,VS15 

.300 

.303 
• 1 80 
.229 

.185 

.196 

.240 

15 

3 

E I > 0 
APR-JUN 

186 

.069 

.091 
-.078 

.078 
-. 092 
-. 072 

• 12 0 
.205 
.207 
.210 
• 291 
.292 
• 30 1 

• 1 39 
.334 

• 1 2 1 
.179 
• 328 

4 

E I > 0 
JUL-SEP 

320 

• 15 4 
• 17 9 

-.062 
• 15 3 

-. 1 59 
• 138 

-.010 
-.012 
-. 017 

.001 

.018 

.049 

.049 

• 21 0 
.215 

.222 

.227 

.232 
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Fig. 1. Relationship of Bulk Rlch8rdson number to various storm 
types. 1 S 1 denotes supercell 8nd 'M' multlcell storms. 'TR' 
denotes storms In a troplc8l 8tmosphere. Observed 'S' and 1 M' 
storms shown are from Midwest 8rea. (8d8pted from Weisman and 
Klemp, 1986). 
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Fig. 3. Stations at which stability and wind shear are computed. 
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Fig. 4. Smoothed wind hodograph from the surface 1 0 1 to five 1 5 1 

thousand feet AGL, Illustrating the computation of the vector 
product shear YS5. Solid shaded parallelograms Indicate positive 
areas where the shear vector Is veering with height and dashed 
shaded parallelograms are negative areas where shear vector Is 
backing with height. The shear YS5 Is the sum of the areas. 
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Fig. 5. Histograms of relative frequence of occurrence of 
afternoon severe weather (1800-2400 GMT} versus vector product 
shear, VS15, computed from morning raobs (1200 GMT} for spring and 
summer seasons. Top number above each bar Is number of severe 
weather occurences and bottom number Is total number.of cases in 
that interval. The extreme right bar In both graphs represents 
all cases with VS15 greater than 18. Observed range of VS15 In 
spring Is -17 to 46, and summer -17 to 63. 
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Fig. 7. Severe weether listing <STADTSl end plot for the 24 hour 
period ending 12Z 3/26/87. Lerge hell Is denoted by 'A'. 
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Fig. a. 850mb height and temperature for 12Z 3/25/87. 
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Fig. 9. 500mb height and vorticity for 12Z 3/25/87. 
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Fig.10. Energy Index for 12Z 
3/25/87, El plotted at upper 
right of station circles. 
Units: J/Kg x 10. 
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Ftg.11. VS15 for 12Z 3/25/87, 
VS15 plotted at upper right of 
station circles. Units: (m/secl 2 

Flg.12. Pittsburgh hodograph at 12Z 3/25/87. Units are knots at 
standard reporting levels label led In thousands of feet MSL. 
Zero 1 0 1 Indicates surface wind. 
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