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1 Introduction

A microburst is a local, intense downdraft which in-
duces an outburst of damaging winds near the ground
which extends 4 km or less. Microbursts are of interest
to researchers because of the strong, occasionally dam-
aging surface winds they produce, and the hazardous
wind patterns they create for aircraft in the landing or
takeoff phases of flight. The dynamics and aircraft haz-
ards posed by an isolated microburst are well under-
stood. Previous work investigating the interaction be-
tween colliding microbursts revealed complex dynam-
ical regimes for certain collision geometries (Orf et al.
1996). In some configurations, regions of elevated wind
shear were found which would be significantly haz-
ardous to jetliners in the takeoff or landing phases of
flight. These hazardous winds were found in regions
well outside of the regions typically associated with an
isolated microburst.

In this study, the interaction between a microburst
and a thunderstorm gust front are investigated using
a three-dimensional nonhydrostatic subcloud model.
The model is dry, and microbursts and gust fronts
are initiated using a cooling forcing function. A two-
dimensional gust front is allowed to evolve at one end
of the model domain and microbursts are initiated at
varying times, leading to collisions ahead of, at, and
behind the gust front head. Preliminary results indi-
cate that during collision events, a broad region of en-
hanced downward and divergent winds develops. This
region would pose a threat to aircraft encountering such
winds. Regions of intense short-lived vertical vortic-
ity also were found during this simulation, suggesting
that so-called “gustnado” circulations are possible from
such collisions.

Gust front at time of initialization (0')
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Figure 1: Gust front state at the time of microburst ini-
tialization. ¢’ is contoured every 0.25 K, and u is con-
toured every 2 m/s.



2 Model initialization

The model used in this study is identical to that de-
scribed in Orf et al. (1996). The model is a three-
dimensional non-hydrostatic quasi-compressible sub-
cloud model without microphysics; all thermal forc-
ings are parametrized. The model is run at 25 meter
isotropic resolution in a model domain with dimensions
of 900x500x200 gridpoints, or 22.5 km x 12.5 km x 5
km. The sound speed is slowed to 80 m/s, which is
greater than twice the fastest physical velocity occur-
ring in the simulations. A constant kinematic eddy vis-
cosity coefficient of 20 m?/s is used. The model strati-
fication is is dry neutral up to 3 km and slightly stable
above, and environmental winds are calm.

The gust front is initialized within a more viscous
two-dimensional version of the model and integrated
forward for two hours. The kinematic eddy viscosity is
doubled to 40 m?/s in order to provide more mixing,
which is artificially small in a two-dimensional model,
and to produce a reasonable gust front structure. His-
tory files of 2D model prognostics are saved every 30
seconds. Rather than integrating the gust front within
the 3D model, a snapshot of the 2D gust front at an ap-
propriate time in its evolution is expanded throughout
the 3D model as initial conditions. This is done in order
to conserve computational resources. For future inte-
grations, a more realistic 3D gust front structure will be
considered; however, because of the difference in spa-
tial scale between a typical microburst and the cold pool
of a thunderstorm, the 2D gust front assumption may
suffice.

Fig. 1 shows a vertical cross section through the
2D gust front of potential temperature perturbation and
horizontal wind speed at the time of microburst initial-
ization. The depth of the gust front head is about 3 km,
with maximum horizontal winds behind the gust of 15
m/s at 1.8 km. Observations of thunderstorm outflows
show a wide range of gust front depths, and our ini-
tial experiment contains a deep gust front. Furthur ex-
periments with outflow collisions will also include shal-
lower thunderstorm outflows.

3 Objectives and Methodology

The main objectives of this study are to explore:

e the spatial and temporal nature of dynamical
regimes which would pose a threat to aircraft in the
landing and takeoff phase of flight

¢ the morphology of local regions of intense vorticity
created by collision events

o the sensitivity of collision morphology to gust front
depth/strength

e the sensitivity of collision morphology to environ-
mental wind shear

Aircraft hazard is gauged by calculating the worst-
case 1-km averaged F-factor hazard parameter (Targ
and Bowles 1988). The 1-km averaged F-factor is de-
fined as

F:,i_: 1)

where %[i is the Lagrangian derivative of the horizontal
wind averaged along 1 km of the aircraft path, g is the
gravitational acceleration, W is the 1 km averaged ver-
tical wind component along the aircraft path, and V, is
the aircraft airspeed, taken to be 75 m/s. The magni-
tude of the F-factor represents the amount aircraft per-
formance loss due to rapidly changing horizontal winds
along the flight path (e.g., a headwind changing to a
tailwind), and performance loss due to encounters with
descending air, which displaces the aircraft downward.
Values of the F-factor exceeding 0.1 over a kilometer’s
distance are considered hazardous to aircraft below 500
m AGL. Because of the direction-dependent nature of
F, we must calculate F for many different flight paths
passing through a given gridpoint. At each gridpoint
below 500 meters, the aircraft is rotated 360° in 4° incre-
ments at a 2° descending glide slope, and the maximum
value of F' occurring over all paths, F',,. , is stored to
disk, along with the angle which F a5 Occurred.

In addition to aircraft hazard, vertical vorticity is
calculated in order to explore the nature of misocy-
clonic circulations which occur in these collisions. Mis-
ocyclones have been observed in association with the
shear along the edge of a gust front, and have been as-
sociated with non-supercell tornadogenesis (Kessinger
et al. 1988; Lee and Wilhelmson 1997a; Lee and Wil-
helmson 1997b).

Three basic collision geometries are considered:
collisions where the microburst outflow is ahead of, at,
and behind the thunderstorm gust front. Gust front and
microburst initialization is unchanged between sim-
ulations, only the spacing between the initializations
varies.

4 Collision Events

At this time, three simulations have been integrated,
one representing each of the three collision geometries
being considered: GFMB1 (microburst outflow is ahead
of the gust front), GFMB2 (microburst downdraft im-
pinges gust front head) and GFMB3 (microburst down-
draft descends into cold pool behind gust front head).
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Figure 2: (a) —2K isosurface of 8’ for GFMB1 at 1020 seconds (b) —2K isosurface of 6’ for GFMB2 at 500 seconds (c)
—2K isosurface of 6’ for GFMB3 at 500 seconds (d) 0.1 s~ isosurface of || for GFMB2 at 600 seconds

(a) GFMB2 at 500s 375 m AGL (b) GFMB2 at 1100s 125 m AGL
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(c) GFMB3 at 800s 250 m AGL
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Figure 3: (a) Fmaz at 500 s, 375 m AGL for GFMB2. (b) F 4. at 1100 s, 125 m AGL for GFMB2 () F',,,4. at 600 s, 250
m AGL for GEMB3. (d) F,,4. at 500 s, 450 m AGL for GFMB3. Black contours represent Far = 0.13 , and white
contours represent w = —10 m/s. Horizontal wind vectors are plotted every seventh gridpoint. Numbers represent
local F,,,, maxima.



Figure 2(a)-(c) shows the —2 K ¢’ isosurface during an
instance in all three simulations. The deformation of
the microburst downdraft by the gust front is apparent
in the asymmetry of the outflow, cleft and lobe instabil-
ities in the microburst outflow, and the barrel-like struc-
ture seen flanking the microburst downdraft in all three
cases. The latter feature, which indicates rotation along
a quasi-vertical axis, is due to the microburst downdraft
interacting with the wind shear throughout the thun-
derstorm outflow, and is responsible for the creation of
intense vertical vorticity. The cleft and lobe instabili-
ties in the microburst outflow become much more pro-
nounced later in the simulation.

The magnitude of the vertical component of vor-
ticity, ||, is shown in Fig. 2(d). The two vortex tubes
flanking the microburst downdraft persist throughout
the GFMB2 and GFMB3 simulations. Values of |(| ex-
ceeding 0.20 persist throughout these regions, which
are most intense at about 2 km AGL. These circulations
are small, with a diameter of about 150 meters, and do
not persist long after microburst downdraft winds sub-
side.

Aircraft hazard for GFMB2 and GFMB3 is shown
in Fig. 3. Regions of F,,,, exceeding 0.13 s, the
must-alert threshold considered by the Federal Aviation
Administration, are outlined in black. The —10 m/s
vertical component of the wind is also outlined. The
crescent-shaped microburst downdraft is the source of
the most intense aircraft hazard above 200 m AGL. Air-
craft encountering this region of the flow on a northerly
or southerly trajectory would experience the greatest
loss in performance. Regions of intense horizontal
shear are also apparent near the microburst downdraft
and surface outflow. A broad region of hazard also ex-
ists up to four kilometers away from the microburst
downdraft. Both horizontal shear and descending air
are apparent in these regions. It is noteworthy that the
gust front alone is not a source of aircraft hazard which
exceeds the danger threshold, and that in GFMB2 and
GFMBS3, the magnitude and spatial extent of the haz-
ardous winds exceeds that which would be found in an
isolated microburst in a quiescent environment.

5 Concluding Remarks

This paper demonstrates the ability to capture the fine-
scale dynamics of microburst / gust front collisions in
three dimensions using a numerical model. Preliminary
results show that collisions between a microburst and a
gust front can produce deep, broad regions of aircraft
hazard which extend beyond what would be expected
for an isolated microburst. The generation of intense
misocyclonic vortices is also observed. Future work

will include increasing the parameter space of collision
events, varying the nature of the gust front, including
environmental shear in the simulations, and perform-
ing a vorticity balance analysis to determine the source
of misocyclonic circulations.
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