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ABSTRACT

Microbursts are smail-scale phenomena that have been viewed by many meteorologists as difficult to predict.
However, there exists sufficient knowledge of microburst evolution by some in the research and operational
communities that can be applied on the mesoscale to provide some warning to the public and aviation. This
paper introduces a wind index or WINDEX that is based on this knowledge. It can be easily computed from
soundings. The WINDEX is calculated from soundings known to have been taken in microburst environments
and previously presented in the literature. The WINDEX can also be computed from surface observations using
appropriate assumptions. This paper shows how to use the hourly surface-based WINDEX information (data)
by showing its application to the infamous DFW microburst on 2 August 1985 and for three consecutive days
in August 1993. The surface-based WINDEX analyses reveal a common pattern first noted by Ladd (1989);
that is, microbursts primarily occur with new convection on old thunderstorm outflow boundaries. When an
outflow boundary moves perpendicular to the WINDEX contours, into an area of high WINDEX values,
conditions are favorable for microbursts. With this conceptual model it is possible for forecasters to give one
to two hours warning that microbursts are probable for a small area.
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1. Introduction

Thunderstorms process the atmosphere to relieve
vertical instabilities by several means, one of which is
to bring middle tropospheric air down to the surface.
Occasionally this occurs violently, and the result is
damaging thunderstorm winds called downbursts, Fu-
jita (1985) divided downbursts into two categories ac-
cording to size; those larger than 4 km in horizontal
dimension are called macrobursts, whereas the smaller
are called microbursts.! He further classified micro-
bursts into wet and dry types depending on surface
rainfall rates during a microburst.

Statistics from several microburst experiments (Ta-
ble 1) imply that about one microburst per day oc-
curred in the small experimental areas during the in-
vestigations. If this frequency were extended through-
out the central and southern United States, as many
as 100 microbursts a year may occur in a county-size
area depending on the length of the season. This sta-
tistic may startle some forecasters who have thought

! In this study, the resolution of damaging wind reports makes it
almost impossible to attempt classifying downbursts as to size. Almost
all are probably small. While the term downburst includes all scales,
the term microburst was coined for small downbursts. To have an
arbitrary 4-km size limitation confines the term to artificial bound-
aries, Therefore, this paper will use the term “microburst” as syn-
onymous with “small downburst.”
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that while microbursts can be dangerous, they are rare
and small scale, and therefore difficult to predict. There
exists considerable knowledge of microburst evolution
by some in both the research and operational com-
munities that can be applied to the microburst forecast
problem. Many microbursts can now be forecast, at
least on the mesoscale, with sufficient lead time to the
public and aviation.

High-resolution Doppler radar can detect some mi-
crobursts and show some short-term precursors that
may help accurately locate microbursts (Roberts and
Wilson 1989; Hermes et al. 1993), but the research
clearly shows that microbursts often evolve from an
updraft stage to a dangerous microburst in just minutes
(Wilson et al. 1984; Caracena and Maier 1987; Proctor
1988; Wakimoto and Bringi 1988; Roberts and Wilson
1989). If a forecaster were not alert to the potential
for the microburst, then the short, valuable time be-
tween precursor detection and occurrence would be
lost. If a forecaster can anticipate microbursts, then
he/she can respond quickly. More importantly, if the
weather-sensitive users were also anticipating micro-
bursts, they could react wisely as the event was begin-
ning. Clearly the forecaster needs a method with which
to foresee microburst potential.

This paper introduces a new index called the “Wind
INDEX"” or WINDEX for identifying air masses fa-
vorable for microbursts. The WINDEX is based on
studies of observed and modeled microbursts. It can
be simply computed from environmental conditions
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TABLE 1. Microburst frequency in various experiments.

NIMROD 1978 NErnIL  50in 42 days (Fujita 1985)

JAWS 1982 DENarea 186 in 86 days (Wakimoto 1985)

MIST 1986 Nrn AL 62 in 61 days  (Atkins and
Wakimoto
1991)

measured by soundings or forecasted by numerical
weather prediction models, Combining horizontal
analyses of WINDEX with boundary-tracking tools
such as visible satellite imagery or radar, a forecaster
can give one to two hours lead time for probable mi-
crobursts over a small area.

2. Development of the WINDEX

Wolfson (1990) developed a model of microburst
strength based on the vertical momentum and conti-
nuity equations. The vertical momentum equation is

dw 6’ P;

. z
p o gl +1i) .
where w is the vertical velocity, ¢ is time, g is the grav-
itational acceleration, 8, is the potential temperature
of the environment, and 6’ is the difference in potential
temperature between a parcel and the environment, (/
+ i) is the mass mixing ratio of liquid water plus ice,
P’ is the perturbation pressure, p is the density of the
environment, and the subscript z means partial differ-
entiation with height. Making some simplifying as-
sumptions, the left-hand side of Eq. (1) can be ap-

proximated as
v (w?
dt 2/,

Substituting Eq. (2) into (1) and integrating with
height, the vertical velocity is dependent on the depth
of the downdraft:

(1)

(2)

w? ~ forcing X Az,

(3)

The forcing consists of buoyancy, which can be esti-
mated from environmental soundings, precipitation
loading, and differential vertical pressure perturbation,
which depend on the characteristics of the microburst-
producing storm. Looking just at the buoyancy term,
Wolfson showed, by using Srivastava’s (1985) data,
that this forcing is proportional to the square of the
environmental lapse rate, I", through which a down-
draft descends.

9 ~ T2 (4)

or

w? ~ T2Az.

(5)
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Observations (Wakimoto and Bringi 1988) and nu-
merical models (Srivastava 1987; Knupp 1989; and
Proctor 1989) of microbursts strongly suggest that mi-
crobursts develop as a result of frozen precipitation
falling through the melting level. The absorption of
latent heat due to melting cools air parcels, and they
become negatively buoyant and accelerate downward.
Evaporation typically continues the process. Therefore,
the relevant environmental lapse rate to consider is
from the surface to the melting level, and the appro-
priate Az corresponds to the height above ground of
the melting level. Proctor (1989) presented an index
for wet microbursts that included these terms, but its
form is w? ~ T'(Az)2. Further, while correlating well
with his modeled microburst intensities, Proctor’s index
did not compare well with actual microburst intensities,
measured by the observed maximum wind gusts. The
WINDEX uses the identical parameters found in
Proctor’s index but reformulates it into Wolfson’s form
and is

WI = 5[HyRo(T? = 30 + Q. — 204:)1%%,  (6)

where H,, is the height of the melting level in km above
the ground; Ry = Q./12 but not greater than 1; I' is
the lapse rate in degrees Celsius per kilometer from the
surface to the melting level; Q; is the mixing ratio in
the lowest 1 km above the surface; and O, is the mixing
ratio at the melting level. Note that in the WINDEX
equation, the lapse rate, T, is squared, whereas the
melting level height, H,,, is only raised to the first
power, which is in the form of Eq. (5). The WINDEX
formulation is highly empirical, like the Proctor index.
Many combinations of I'2H,, were tried before settling
on this combination. Also slightly different from the
Proctor index is the handling of Q;. In Proctor’s for-
mulation @Q; is the mixing ratio at 1 km AGL, whereas
in the WINDEX it is the mean mixing ratio in the
lowest 1 km AGL. It was felt that a bulk handling of
low-level mixing ratio is more representative of low-
level conditions than a single-level observation at
1 km AGL.

The radicand in the WINDEX equation is multiplied
by five to estimate the maximum potential wind gust
at the surface in knots. The soundings used to ‘“cali-
brate” the WINDEX were those in Proctor’s (1989)
paper where there was good knowledge of the probable
maximum wind gust (see Table 2).

A couple of notes about the WINDEX equation are
in order. When the lapse rate is low—that is, the lapse
rate squared is less than thirty—the radicand may be-
come less than zero. When this happens, WI is set to
zero. Thirty is about 5.52, and if the lapse rate is lower
than 5.5°C km ™!, microburst probabilities are nil (Sri-
vastava 1985). This is a similar “cutoff” lapse rate
used in Proctor’s index.

The term Ry is an empirical attempt to account
for an overestimation of the basic WINDEX in dry
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TABLE 2. WINDEX calculations for known microburst environments.
Location Date Hy O o, r WINDEX Obsvd gust Source
. Wet microbursts v
Dallas, TX 2 Aug 1985 4850 1.8 13.8 7.79 70 70 Proctor (1989)
southern FL -1 Jul 1975 4575 4.9 15.9 6.99 53 60 (est) Caracena and Maier (1987)
northern AL 20 Jul 1986 4700 38 15.8 7.17 59 60 (est) Wakimoto and Bringi (1988)
northern AL 13 Jul 1986 4700 34 172~ 6.81 56 56 Wakimoto and Bringi (1988)
San Antonio, TX 7 Sep 1987 4530 29 15.6 7.24 63 >59 Ladd (1989)
San Antonio, TX 2 Sep 1982 4690 1.7 13.0 7.70 68 53 Ladd (1989)
Norman, OK 26 Aug 1987 4600 2.4 14.7 6.74 54 55 Stewart (1991)
Tampa, FL 19 Jul 1988 4337 6.0 17.0 7.38 56 52 Stewart (1991)
Vero Beach, FL 4 Jun 1990 4490 4.2 18.0 7.42 61" 50 Stewart (1991)
near Denver, CO 30 Jun 1982 3330 4.3 9.7 8.47 54 56 Proctor (1989)
Dry microbursts

Amarillo, TX 21 May 1986 3300 1.9 4.3 9.69 44 47 Sohl (1987)
near Denver, CO 14 Jul 1982 3310 3.6 5.0 9.34 44 55 Proctor (1989)
near Denver, CO 8 Jul 1982 2890 39 5.0 9.67 43 36 Fujita (1985)
near Denver, CO 5 Aug 1982 3410 5.6 9.6 8.92 57 32 Proctor (1989)
near Denver, CO 19 May 1982 3350 5.2 6.9 8.96 47 48 Wakimoto (1985)
near Denver, CO 18 Jul 1982 3300 4.2 4.4 9.85 44 57 Wakimoto (1985)
Denver, CO 7 Aug 1975 3300 6.0 6.5 8.63 42 40 Wakimoto (1985)
Tucson, AZ 4 Jun 1977 3700 2.9 5.5 8.92 46 49 Wakimoto (1985)

Here, H), is height of melting level; Q,, is mixing ratio at melting level; Q; is low level mixing ratio; I is lapse rate between surface and

melting level.

environments. The dynamics of precipitation-driven
downdrafts demonstrate that the steeper the sound-
ing lapse rate, the stronger the downdraft because air
parcels are more negatively buoyant. But what hap-
pens when there is no more precipitation to evapo-
rate? Downdraft parcels begin descending dry adi-
abatically, and the process described by Eq. (5) no
longer is valid. The buoyancy forcing and the re-
sulting downdraft and outflow intensity are therefore
reduced. Wakimoto (1985) has an excellent discus-
sion of this process. In a dry microburst environment
there is limited moisture available to become pre-
cipitation. The R, term assumes that when the low-
level mixing ratio is less than 12 g kg ™', there is in-
sufficient moisture available to produce a high pre-
cipitation rate storm, and the lower the mixing ratio,
the more likely precipitation will evaporate before
reaching the ground. This threshold number was
chosen by comparing dry microburst environments
found in Wakimoto (1985) and wet microburst en-
vironments found in Atkins and Wakimoto (1991).
In dry cases the low-level mixing ratios are about 4-
10 g kg™!, and in wet cases the low-level mixing ratios
are about 14~18 g kg ' Elirod ( 1989) observed that
the 2 August 1985 microburst sounding had char-
acteristics of both wet and dry microburst soundings.
The low-level mixing ratio was estimated to be about
12-14 g kg™!, and the microburst was a wet micro-
burst. Therefore, the Ry reduction term threshold of
12 g kg~! seems reasonable.

The addition of low-level and melting-level mixing
ratios in the WINDEX equation is to account for
moisture lowering the air density (raising the virtual
temperature). As stated above, the WINDEX is most
sensitive to the environmental lapse rate. Note that it
is the virtual temperature difference between parcel and
environment, not the actual temperature difference,
that drives negatively buoyant parcels downward.
Therefore, high mixing ratios in the low levels increase
the effective environmental lapse rate. Similarly, the
lack of melting-level moisture (favorable for microburst
production) can also increase the virtual temperature
lapse rate because the virtual temperature at the melting
level is not much different than the actual temperature.
Also accounted for with a low melting-level mixing
ratio is the increased potential for evaporation of pre-
cipitation in a drier environment.

3. WINDEX application
a. Sounding analysis

To calculate a WINDEX, one needs only data from
low levels and from the melting level. With these data
and a calculator or a small computer, a forecaster can
easily assess microburst potential for any sounding.
Table 2 shows WINDEX calculations for known
microburst environments. The data to calculate
WINDEX values were taken from soundings given in
various research papers and include the dependent da-
taset from Proctor (1989) used to “calibrate” the
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WINDEX. Note the good correlation between the
WINDEX calculations and the observed wind gusts.?

Figure 1 shows two different soundings on 0000 UTC
20 August 1993 at Salt Lake City, Utah (SLC), and
Paducah, Kentucky (PAH), with identical WINDEX
values of 57. Figure la (SLC) is a characteristic in-
verted-V dry microburst sounding, whereas Fig. 1b
(PAH) is characteristic of a wet microburst environ-
ment. Both these soundings represent air masses in
which downbursts occurred on this day. This illustrates
that the WINDEX can assess microburst potential for
different kinds of sounding.

Note the large difference in the more traditional
Lifted Index (LI) with the SLC LI only —1 while the
PAH LI is —8. Johns and Doswell (1992) distinguish
between updraft instability and downdraft instability.
The WINDEX is a measure of downdraft instability,
whilc the LI is a measure of updraft instability. These
two soundings point out that the two instabilities rep-
resent different physical processes and must be mea-
sured differently.

b. Surface-based WINDEX case studies

If one assumes that an observation of moisture at
the surface represents the moisture in the lowest 1 km
AGIL., then one can compute a WINDEX from surface
observations to get a detailed hourly analysis of the
potential for microbursts. An hourly update of surface-
based WINDEX better reflects ongoing atmospheric
changes and has a definite advantage over relying on
conventional soundings at 12-h intervals. Figure 2a
shows an analysis of the surface-based WINDEX for
2100 UTC 2 August 1985, about 2 h before the infa-
mous Dallas, Texas (DFW), microburst. Analysis of
data from the regional 0000 UTC 3 August soundings
determined the height and mixing ratio of the melting
level at each surface observation site. Surface temper-
atures were more than 100°F (38°C) over much of
northeastern Texas, which made low-level lapse rates
very steep. WINDEX values were more than 75 in
many places with a maximum value of 77 at DFW.
Contrast this analysis with a more conventional sur-
face-based Lifted Index (LI) (Fig. 2b) using 0000 UTC
3 August 500-mb temperatures. The axis of maximum
WINDEX and the axis of lowest LI do not coincide.
WINDEX values are more sensitive to the lower-level
temperature lapse rate, whereas the LI is more sensitive
to the low-level moisture distribution. Large thunder-
storms were occurring along the Texas-Louisiana bor-

2 In the cases when the WINDEX values are higher than the mea-
sured wind gust, the measurement may not have been at the location
of the microburst’s maximum strength. The cases when the WINDEX
underdiagnoses the maximum microburst gust illustrate additional
physical factors at work not captured by WINDEX'’s emphasis on
buoyancy processes.
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FIG. 1. Skew T-logp diagrams of soundings at 0000 UTC 20 Aug
1993 at a) Salt Lake City, Utah (SLC), and b) Paducah, Kentucky
(PAH). Wind speeds are in knots. Both soundings have identical
WINDEX values of 57.

der and across northeastern Texas in association with
the low LI axis. As Ellrod (1989) pointed out, outflow
from the latter storm complex moved into the DFW
area where the WINDEX maximum was located.
When the outflow spawned new convection, condi-
tions, as revealed by the WINDEX, were favorable for
the storm to produce a microburst. Other damaging
microbursts occurred over southeastern Texas and
south-central Louisiana after 2100 UTC in association
with high WINDEX values surrounding the strong
thunderstorm outflow over central Louisiana.

Figures 3, 4, and 5 show surface-based WINDEX
values for three consecutive days in August 1993 on
which damaging microbursts occurred. Surface data
are from objective analyses of temperature and mixing
ratio. Numerical model forecasts of the melting-level
height and mixing ratio are used in these calculations
of the WINDEX.
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Fi1G. 2. a) Surface-based WINDEX analysis and b) surface-based
Lifted Index values for 2100 UTC 2 AUG 1985. Dallas-Fort Worth,
Texas (DFW), is labeled on the WINDEX analysis.

On 24 August 1993, an outflow boundary from
overnight convection moved southward from Okla-
homa into northern Texas during the morning. At
midday new thunderstorms had formed on this
boundary and had become quite extensive by 2000
UTC (Fig. 3a). About this time this convection began
sending cold outflow to the east and south. The areas
to the east and south were very favorable for microburst
production with WINDEX values greater than 70. The
new outflow boundary was moving to the east at 15 kt
and to the south at 8 kt. The outflow boundary is visible
on the 2200 UTC satellite image (Fig. 3b) just to the
west of the Dallas—Fort Worth, Texas (DFW), area as
a line of small convective cells. Note that the outflow

boundary is moving directly into the WINDEX max-
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imum. The 2300 UTC satellite image shows continued
progress of the outflow boundary through the DFW
area. There were reports of damaging microbursts west
and north of the DFW area from 2115 UTC to 2330
UTC where the outflow boundary was moving the
fastest. No severe microburst reports were received with
the convection that initiated the outflow boundary or
along the boundary’s southwest end, which was moving
much slower. Note the thunderstorms further west that
developed in a high WINDEX area but for unknown
reasons moved away from the maximum WINDEX.
No reports of damaging microbursts were received with
these storms, although much of this area is sparsely
populated.

On the next day thunderstorms had already begun
over central Kentucky by 1800 UTC (Fig. 4a).
WINDEX values greater than 65 were located to the
south and west of this activity on an axis from south-
west Indiana to central and southeast Tennessee. Al-

-though it is difficult to see in the still satellite imagery

at this time, an outflow boundary began moving
southwestward toward the Nashville, Tennessee
(BNA), area at 15 kt. By 2000 UTC (Fig. 4b), new
convection formed on this boundary in the BNA vi-
cinity. This boundary continued to move southwest-
ward through the BNA area by 2100 UTC (Fig. 4c).
Reports of 2-2.5-cm hail (very likely the initiator of
the microburst) and wind damage occurred in the BNA
area between 2000 UTC and 2100 UTC. Again, other
convection developed over the Kentucky/Tennessee
area where the WINDEX values were high, but that
convection was apparently not a result of a moving
outflow boundary like at Nashville, nor did the initial
convection cause any apparent microbursts.

For the third consecutive day, damaging microbursts
occurred near a major airport hub; this time it was
Memphis, Tennessee (MEM ). During the morning on
26 August there was a northward-moving line of clouds
of unknown origin across northern Mississippi. Thun-
derstorms began firing on it by midday. By 1900 UTC
(Fig. 5a) an outflow boundary began moving north-
westward at 19 kt from these storms into an area with
a greater than 65 WINDEX maximum. By 2100 UTC
(Fig. 5b), new convection had begun on the boundary
just east of the MEM area. The MEM airport obser-
vation never reported any rain but between 2100 UTC
and 2200 UTC had wind gusts to 34 kt with thunder
and blowing dust. During this time less than 30 km

east of the Memphis airport there was a report of wind

damage. Note that again in this case there were no
severe microbursts with the initial convection, only the
secondary convection.

¢. Boundaries and microburst production

Tracking low-level boundaries is important to thun-
derstorm forecasting (Purdom 1982). Wilson and









