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Abstract

A high-resolution simulation of a downburst-producing thunderstorm is conducted using a
three-dimensional cloud model. The asymmetric outflow is analyzed within an axisymmetric
framework in order to explore whether the salient features of the damaging outflow can be rep-
resented using a simpler model. Preliminary results indicate that this approach yields outflow
profiles that agree well with previous observations and simulations. This approach will be applied
towards several 3D cloud model simulations in order to create improved axisymmetric models for
wind engineering studies of wind loading on structures such as transmission lines.

1 Introduction

Figure 1: A snapshot of the subcloud region
of the thunderstorm focused on the down-
burst. The grey volume rendered field is
rain mixing ratio, and the colored horizon-
tal plane represents horizontal wind speed at
19 m AGL (above ground level).

Downbursts are intense downdrafts that form within
thunderstorms, causing damaging winds near the
earth’s surface (Fujita, 1986). These winds are in-
duced by thermodynamic and kinematic processes in-
volving rain, snow and graupel (small hail) within
thunderstorms. Thermodynamic cooling induced by
evaporation, melting, and sublimation causes pock-
ets of negative buoyancy, forcing a downdraft. Heavy
rain and falling graupel also induce drag, further en-
hancing downdrafts. Because of the damage caused
by downbursts, observational and numerical stud-
ies of downbursts and downburst-producing thunder-
storms have been conducted to better understand the
environmental conditions conducive to downburst for-
mation and the structure of the downburst winds (e.g.
Hjelmfelt (1987); Proctor (1988); Orf et al. (1996)).

Recent work has focussed on the flow near the
ground in order to better understand the spatial and
temporal nature of peak downburst outflow winds of
interest to wind engineers (Lin et al., 2007; Vermeire
et al., 2011a,b). More recently, Orf et al. (2012) de-
scribed the nature of downbursts produced in a very
high resolution cloud model simulation utilizing the

1



6th European and African Wind Engineering Conference 2

CM1 cloud model (Bryan and Fritsch, 2002), and applied simple circumferential analysis of the near-
surface outflow during two times corresponding to the strongest horizontal winds.

2 Circumferential Analysis of Cloud Model Data

2.1 Background and Motivation
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Figure 2: Circumferential mean and peak ra-
dial wind speed as a function of radius at (a)
3588 (b) 3606 (c) 3628 seconds model time.
Using the approach of Orf et al. (2012), a peak
factor is calculated which, when multiplied by
the mean winds, produces an estimate of the
peak wind.

Full cloud model simulations of downburst-producing
thunderstorms require modern supercomputing hard-
ware and come at significant computational cost. Fig-
ure 1 is a snapshot in time of the downburst-producing
thunderstorm simulation being analyzed in this work
and in Orf et al. (2012). The simulation was run with
20 m horizontal grid spacing and the image is from
the time of peak outflow from one of the downbursts
spawned by the simulated storm. While the outflow
wind speed pattern exhibits rough axisymmetry, there
are significant variations in wind speed throughout
the outflow, which also clearly deviates from pure ax-
isymmetry.

While such cloud model simulations faithfully
(within the constraints of physical parameterizations
for precipitation and turbulence) capture the entire life
cycle of the thunderstorm and downbursts, it is not
feasible at this time for such simulations to be carried
out in sufficient numbers by researchers in the wind
engineering community as a primary means for ex-
amining downburst outflows.

However, it is feasible and desirable to use the re-
sults of a handful of full cloud model simulations in
such a way as to improve the simpler models typi-
cally used by wind engineers. These simpler mod-
els, which induce the downburst downdraft without
including direct effects of the parent thunderstorm or
the precipitation forcing the downbursts, include the
impinging jet model (e.g. Kim and Hangan (2007)),
and the cooling source model (e.g. Orf et al. (1996)).
Both models typically employ axisymmetric forcing
and produce (in environments with no environmental
wind shear) axisymmetric outflow.

2.2 Current Approach

The work presented herein builds upon the analysis
described in Orf et al. (2012), where the circumferen-
tially averaged and peak radial winds were calculated
along a single radius throughout the bottom 500 m of the model domain, passing through the location
of peak outflow near the ground. This approach essentially decomposes the two-dimensional horizon-
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tal flow at a given height into a base (average) and perturbation (peak) axisymmetric flow, by averaging
along the circumference of a circle centered at the center of downburst impingement on the ground.
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Figure 3: Normalized outflow speed versus
normalized height for observed and simulated
events.

In the present work this circumferential analysis
is extended over many different radii from impinge-
ment (r = 0) to r = 4000m for the three time stamps
corresponding to the stronest winds. In Figure 2 the
circumferential radial winds are shown as a function
of radius from the downdraft center, which was esti-
mated based upon the visual location of the stagna-
tion point beneath the downdraft, surrounded by di-
verging, radially increasing winds (see Fig. 10 in Orf
et al. (2012)). In addition to peak and average radial
wind speed, the mean wind multiplied by a scaling
factor is also shown. The scaling factor was chosen
using a linear regression model, comparing observed
peak and mean winds. The scaling factor varies only
slightly between the three times. A visual comparison
of the scaled mean wind and the peak wind suggests
that this approach is effective in capturing the overall
outflow pattern, but (necessarily) is unable to capture
the detailed variations found in the three dimensional

wind field. This approach of calculating mean and peak radial circumferential winds, followed by cal-
culations of a scaling factor, will be applied to future simulations in order to produce a set of scaling
factors which, when applied to carefully selected purely axisymmetric simulations, should produce
more reasonable estimates of peak wind for downburst events than by using the results of axisymmet-
ric simulations alone.

In order to evaluate whether this axisymmetric decomposition approach results in a reasonable
vertical wind profile, our results are compared to previous observational and modeling work. Fig-
ure 3 contains a plot of normalized outflow speed vs. normalized height for previous observational
work (Hjelmfelt, 1987) and LES modeling work (Lin et al., 2007; Vermeire et al., 2011a; Mason et al.,
2009). The average radial circumferential wind profile, calculated in the present work, falls between
observations from the JAWS project above the level of peak wind, and, near the ground, agrees with
the results of Mason et al. (2009), who used a URANS modeling approach.

3 Future Work

The overarching goal of this research is to improve the “traditional” wind engineering models for es-
timating peak outflow height, magnitude, and duration for near-surface downburst-induced horizontal
winds. By using the output of a cloud model run at very high resolution, analysis on the outflow
characteristics can be done in order to create a statistical model of outflow characteristics that can
be applied to a traditional model to better estimate these parameters. In order to develop this model,
many more simulations of downburst producing thunderstorms will need to be run in order to create
a robust enough set of samples. One result from this analysis could be a generalized a suite of curves
that describe normalized peak outflow as a function of radius. An example of this is shown in Figure 4
which indicates that for this simulation, the overall shape of the curve is similar for three different
times. However, these results are not necessarily surprising, since all three curves occurred from a
single downburst over the course of a 40 second period.
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Figure 4: Normalized circumferentially averaged
radial speed as a function of normalized radius for
three different model times.

Future work will involve applying this ap-
proach towards several simulations of downburst
producing thunderstorms. Since downbursts oc-
cur in a variety of environmental conditions, a
parametric study involving vertical variations in
atmospheric moisture, temperature, and winds in
downburst-conducive environments will be con-
ducted. A specific interest is the simulation of
wet downbursts, as their morphology is less un-
derstood and has not been the subject of many
modeling studies. We are currently examining
official reports of observations of wet downburst
events from the past decade across the United
States in order to identify environments con-
ducive to wet downburst formation. This will
help guide our future cloud model simulations.
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