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STATISTICS
Although research of this nature can yield results that contain intrinsic biases,
the reports show a variation in frequency with time of day and time of year that are consistent
with the general characteristics of dust devils determined from ground observations. Events
most typically occur late morning to mid-afternoon. The histogram (Figure 1) appears to
show more incidents in the morning relative to afternoon, compared with previous dust
devil field studies (Sinclair, 1969). This may be due to late morning being a popular time to
fly, and thus skewing the distribution earlier in the day.

By RALPH D. LORENZ and MELISSA J. MYERS

0.25

Fig.1. Aviation Dust
Devil Incidents per time
of day. Black bar
represents air accidents;
the grey bar is Tucson
and white bar is Avra
Valley, both from
Sinclair (1969)
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The occurrence with time of year (Figure 2) is also broadly consistent with
availability of convective energy, with almost all events occurring April-October. No obvious
pattern with calendar year can be seen (Figure 3) as the number of events per year is too
small for statistical significance.

Fig. 2. Incidents per
month. There is a broad
correlation with 'sunny'
months, although the
June value appears low.

Number of Incidents in each Month
25

20

15

10

5

Month

Dece
mb e
r

r

Nove
mb e
r

mbe
r

Octo
be

st
Augu

Septe

July

June

May

h

April

Marc

Febru
ary

0

ary

APPROACH
The authors performed a keyword search for the term “Dust Devil” on the National
Transportation Safety Board (NTSB) Aviation Accident Database (http://www.ntsb.gov/
NTSB/query.asp). This search, when performed in October 2004, yielded 97 events. From
the text of each report, the authors assessed the likelihood of the accident being due to the
direct effects of a dust devil. As in all accident investigations, the quality of the report may
be inadequate to make a confident assessment either due to accident trauma to or fear of
culpability by the witness, who in most cases is the pilot of the aircraft. In some cases
violent air motion is noted, but not definitively associated with an observed dust devil wind shears, wake turbulence etc being other potential causes. In addition, classification
of aircraft type, accident mechanism, damage and injury caused was recorded.
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INTRODUCTION
Dust devils are well-known as an occasional nuisance on Earth, and have been
documented as a dynamic feature of the Martian surface environment (Ferri et al., 2004). On
both planets, dust devils may be major contributors to atmospheric dust-loading, with
consequences for air quality (on Earth) and the radiative balance of the atmosphere. Most
terrestrial dust devil studies have been localised field studies, reporting either optical
observations from a fixed site (Sinclair, 1969) or micrometeorological data from encounters
with a mobile instrument platform (Metzger et al., 2004). These studies are necessarily
restricted to a specific locale, and make generalisations difficult. It is known, for example,
that dust devils are common in hot desert regions, but can also occur in sub-arctic conditions
(Wegener, 1914). Here we employ a different approach, namely the mining of a controlled
dataset of observations made for other purposes, in order to investigate characteristics of
dust devils over a wide area (the entire USA).
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Abstract: Analysis of incidents reported in the National Transportation Safety Board accident database
that are associated with dust devils is presented. Most of the 97 incidents appear to indicate dust devils as
a proximate cause for serious damage to aircraft, and they may be responsible for a few fatalities. The
authors present temporal and geographical distributions of the incidents, and note that a large proportion
occurs at high ground elevations, suggesting dust devil frequency or more probably intensity correlates
with elevation, consistent with a heat engine model of dust devils.
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Fig. 3 Events per year.
There is no significant
trend.
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The geographical distribution of reports (Figure 4) is also consistent with dust
devil activity, with most events occurring in the desert Southwest (NV,AZ,NM,TX,CA). A
histogram of the ground elevation of the incident sites is given in Figure 5. This remarkably
shows a very broad distribution, from a couple of below-sea-level sites in California to
several incidents on the Colorado Plateau around 2 km and above. The fact that half of
these incidents occur at elevations above 600 m is striking, and may indicate that dust
devils are stronger at higher elevations.

Plate 2. 6 cycle-equidensites of Uzwil photograph (original in colour), © Stefan Forster and Alexander
G. Keul

Fig. 4. Distribution of Events by state. Events are unsurprisingly concentrated in the Southwest.

The daylight photograph shows no relevant objects to explain the phenomenon
i.e. any high tension power line. On the area map, the photographer’s location lies north of
a railroad line. The observation frame looks eastwards over scattered single-family houses
and a green area at the town’s periphery.
Instructed by the author, the photographer did a camera test on 1 August 2004
with a test object of 20 cm at a distance of 2 metres. With 8 mm camera focus, the size was
1.8 cm on a printout. The 17th July object, taken with 10 mm camera focus, measured 2 mm
across on a printout. By simple equations, the image sizes on the camera CCD and the real
size of the 17th July object were computed. If the 17th July image was not blown up by
irradiation, the object had a size of 1.5 metres at 170 metres distance (roughly estimated
from the sound time-lag). This gives an angular diameter of 0.5 degrees, about the size of
the full moon.
What is the probability that the Forster photograph was fabricated? From several
phone calls, the author got the impression of a young, enthusiastic witness with many
interests including astronomy and meteorology. A ball lightning picture, if produced
deliberately, may not show an almost dark, low-contrast frame with a single, overexposed
object, but some more details to support the story. In fact, a local newspaper refused
immediately to print the Forster photograph “because it is so dark”. Interested researchers
may obtain a colour copy of the picture from the Uzwil witness, Stefan Forster, via
stefan.forster@sbw-media.ch
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Fig 5.
Ground
elevation of dust
devil incident Sites.
The preponderance
of events above 600
m is remarkable and
may indicate a
correlation of dust
devil activity with
elevation.
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Plate 1. Uzwil ball lightning photograph (original in colour) © Stefan Forster.

With the frontal passage between 2000 and 2200 CEST, pressure rose from 1015 to 1022 hPa,
temperature descended from 28 °C to 21°C, relative humidity rose from 47% to 80%, and
around 2100 CEST there was a local rain shower. Wind direction was between 100° and 270°.
At 2130 CEST, the Niederuzwil record shows 21°C, a dew point of 17 °C, 80% relative
humidity, 1022 hPa, wind from 120° to 180° with 5-10 km/h and no more precipitation.
PHOTO ANALYSIS
Using Photoshop and SimplePCI from Compix, the author contrast enhanced the
digital picture file. With Photoshop contrast enhancements and the SimplePCI functions
Pseudocolour peaks, spectrum and 6 cycle-equidensites (Plate 2). It turned out that the
recorded luminosity of the light source was homogenous resulting in concentric circles,
and showed no sign of object movement. The fine structures reported by the witness were
not discernible in the picture, probably due to overexposure of the very bright source
illuminating the roof tiles and maybe the cloud bank.
Stefan Forster also provided he author with one of his 17th July lightning
photographs, and with a daylight photograph of the same location. The lightning frame
showed cloud-to-cloud lightning with an exposure time of 2 seconds, F stop 3.2, ISO-100.
The sky is blue, the landscape somewhat blurred. The cloud bank is also visible behind the
coniferous tree, but nearer to the horizon. About 70 frames are between the lightning and
the ball lightning frame. As the Sony DSC-P12 has a memory of 256 MB, this is not unusual.

ACCIDENT TYPES
Accidents were reported involving all types of aircraft - balloons (2), helicopters
(3)) and gliders (6) as well as conventional airplanes (86) the latter almost all were propellerdriven general aviation (GA) craft - only one was a passenger jet and one a microlight. Since
GA craft tend to have low flight speeds and low wing loading, they are therefore more
susceptible to wind fluctuations.
Most accidents occurred during takeoff (23) or landing (50), damage being incurred
by collision with the ground or structures on it. In fact, many accidents occurred with the
aircraft's wheels on the ground, with the dust devil winds either causing the aircraft to flip
or ground loop, or pushing the aircraft off the runway so it hit an obstruction or a ditch.
For accidents in mid-air, most cases led to pitch-up and stall, or rolling turns leading to
ground impact. In one instance, dust and debris blew into the cockpit of a hovering helicopter
and the pilot was blinded and lost control. In only a couple of cases did break-up in mid-air
occur (both cases covered below).
In one instance, a balloon encountered a dust devil and went into a 900 feet per
minute climb, to some 5000 ft above ground level. The burner was unable to provide
enough buoyancy once the balloon emerged from the devil’s convective plume, and
descended at a high rate and crashed.
Most incidents resulted in 'substantial' damage - propellers or landing gear being
deformed or wings damaged. In 9 cases the aircraft was destroyed altogether. Remarkably,
most (66) of the incidents resulted in no injuries. A number (11) of incidents led to serious
injury, and five incidents to fatalities.
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FATAL ACCIDENTS POSSIBLY DUE TO DUST DEVILS
In this section, as examples of the types of incidents that can occur and their
documentation and our analysis, we present brief summaries of the handful accidents in
our survey which resulted in fatalities.
20001211X10620: On July 17, 1998, at 1507 hours Pacific daylight time, a PZL-BIELSKO
Model SZD 50-3 glider, N7215L, was destroyed when it impacted terrain while maneuvering
2 miles west of the California City, California airport. The commercial licensed first pilot
(qualified on this type) and the airline transport licensed second pilot (on a familiarization
flight for this type) were fatally injured. The pilot of another glider, flying about 4 miles
north of the accident location, observed the sun glistening off the wings as the aircraft
spun, nose low, approximately 3 revolutions before impacting the desert floor. The pitch
attitude appeared 80 to 90 degrees nose down. Another pilot reported that there were
strong dust devils in the area that day and speculated that perhaps encountering a dust
devil induced a stall and spin. A police sergeant, who was among the first responders to the
accident scene, reported that the temperature was between 105 and 110 degrees and the
wind was westerly at 5 knots.
Analysis: There is no definitive evidence that this accident was caused by a dust
devil, but they had been observed, conditions were favourable for their formation, and an
encounter would have produced results similar to those observed.
20001207X03933: On July 22, 1995, approximately 1837 central daylight time, a Bell 206-L3
helicopter, N111JA, was destroyed upon impacting terrain near Borger, Texas. The private
pilot sustained serious injuries and one passenger was fatally injured. The personal flight
originated at Amarillo Tradewind Airport, Amarillo, Texas, at 1821, and was en route to a
private ranch home approximately 60 miles northeast of the airport. Radar contact was
established at 1822, and the helicopter proceeded on a 025 degree bearing toward it's
destination at an altitude of approximately 4,100 feet mean sea level (MSL). At 1825, the
pilot requested information from Approach regarding the movement of convective “cells”
located to the north and west of the helicopter's course. During the flight, he noticed dust
“picking up”" on the ground, along with some debris, approximately half a mile ahead and
to the left of his flight path. He further stated that, some thunderstorms appeared to be
“developing rapidly” to the left (northwest) of his flight path; however, they “appeared to
be at a safe distance” and did not “unduly concern” him. He remembers starting a turn to
the right (southeast), away from the storm area. At this point, the pilot’s memory is “hazy”,
but he remembers his passenger asking, “what's happening? What are we doing?” He
recalls that he said something to the effect that, “I was just trying to keep the ship level.”
The next thing that the pilot recalls was that, he was "sitting on the ground, with no
helicopter around" him.
Analysis: This event occurred very late in the day. It appears more likely that the
event may have been shear or vertical motion associated with thunderstorm activity (i.e.
moist convection) rather than dry convection associated with a conventional dust devil.

Fig. 1. Location of Uzwil, Switzerland (shaded )

PHOTOGRAPH
The author asked Mr. Forster to send the digital original which turned out to be a
jpeg colour file (Plate 1, in black & white). Technical details as were follows; 1,971,498
bytes, 2592 x 1944 pixel, resolution 72 dpi, 24 bit colour depth, sRGB, no flash, 10 mm focus,
F stop 3.2, 1/8 second, ISO-320 and spot exposure measurement. Stefan Forster said he had
set his 5 megapixel camera to a resolution of “5 fine” and to “auto” function, i.e. focus, F
stop, shutter speed, contrast and white balance had been selected automatically. With spot
exposure measurement, the bright object in the upper sector of the frame was overexposed
and the landscape rather dark, but showing contours and details. Examining the digital
photograph more closely, it became clear that the white light source itself did not show
details except diffraction rings and some irradiation, but that light reflections were present
on the wet roof tiles and also on a bank of low clouds way behind a coniferous tree in the
garden.
WEATHER DATA
The Bracknell ground analysis charts of 17th and 18th July 2004, 0000 UTC, showed
dissolving small high cells over Central Europe and the Balkans, due to a warm front
passage. Mean weather data of St. Gallen station for 17th July: 24° maximum temperature, 15°
minimum temperature, 10 hours sunshine, wind of 8 km / hour from NNE, S and SE (frontal
passage), 854 hPa, 72% relative humidity, precipitation not recorded (source: wetteronline).
Strong lightning activity was present on the sferics map, and on the regional radar display,
thunderstorm echoes, some very strong, travelled over northern Switzerland at the time of
the observation. Weather data are in line with the witness report.
Thomas Gehrig of Niederuzwil operates a local weather station with digital online
instruments. His Internet page (www.meteo-niederuzwil.ch) provides local weather data for
the time the Forster photograph was taken.
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A SWISS BALL LIGHTNING PHOTOGRAPH
By A. G. KEUL
Vienna University of Technology
email: alexander.keul@sbg.ac.at
Abstract: Stefan Forster from Uzwil near St. Gallen, Switzerland, took a digital photograph of ball
lightning on 17 July 2004. The photographer also saw the object. Reporting and photographic record
were checked for explanation and accuracy and remained consistent. Roof tiles were illuminated by the
object. A photographic analysis revealed a stationary object of homogenous luminosity. A camera test
gave an object diameter of about 1.5 metres.

BALL LIGHTNING REPORT
On 17th and 19th July 2004, identical emails were sent to the author by Stefan
Forster; “I am an enthusiastic hobby photographer and on Saturday 17 July 2004, there was
a heavy thunderstorm at 9240 Uzwil (Switzerland, province St. Gallen). I went to the loft [of
our house] and took plenty of photographs when I saw this strange globe in the sky.” He
sent a compressed digital jpeg colour photograph as attachment.
A long-distance phone call with the photographer on 19th July revealed further
case-relevant information. Stefan Forster was at the home of his parents on 17th July in
Uzwil, about 500 meters above sea level (Figure 1), when the thunderstorm started. He took
his Sony DSC-P12 digital camera, set to automatic mode, and took lightning photographs
from the open rooftop window of the house towards the east. There had been heavy rain
and sleet from 2100 CEST (Central European Summer Time) until 2120 CEST. When it stopped
Mr. Forster saw a bright cloud-to-cloud lightning flash around 2130 CEST. He pressed the
shutter release again, but too late for the lightning flash. Instead, he saw a bright, nearly
blinding object stationary over houses and trees that expanded during one or two seconds,
then exploded with a loud, hollow bang. Stefan Forster hoped to have caught it on film, as
the process was too short for a second shot. When interviewed, he remembered that the
object was round, had blue-yellowish colours, a sharp outline, showed some fine “threads”
over its surface, expanded and exploded - the optical explosion occurred about half a
second before the sound was heard. Thus, it should have been about 170 metres away.
There were no other known witnesses. Stefan Forster said the ball lightning phenomenon
was a shock for him, but his camera was supported by the window-frame and he saw on the
display that he had been lucky to photograph the object.
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Visible images from the Geostationary Operational Environmental Satellite (GEOS) 8 visible
image for 1832 showed that the approximate location of the accident was on the edge of a
convective cloud mass. The 1745 visible image showed the accident location in an area of
convection. Doppler weather radar detected motions characteristic of downbursts.
20001207X03487: On May 11, 1995, at 1420 Mountain Standard Time, a Piper PA-25- 235,
N7403Z, was destroyed by ground impact and post-crash fire after takeoff at Peoria, Arizona.
The aircraft was owned and operated by the Turf Soaring School and was performing a
glider tow operation. The certified commercial pilot sustained fatal injuries.
After takeoff, the glider pilot was about 40 ft agl (above ground level) when the tow plane
turned in the direction of the dust devil, which it flew through at 100-200 ft. The glider
encountered part of the devil and rose to some 800 ft, pulling the tow rope to a 30-45 degree
angle. The tow plane engine was heard to quit, then start again, then fail prior to the plane
nosing over and hitting the ground nose-low.
Analysis: The rope loading after the glider's rapid ascent may have caused
problems for the tow plane, or dust may have been ingested causing the engine failure. The
role of the dust devil appears significant, although is hard to assess.
20001213X29502: At 1300 hrs on 15 September 1989, during an air race in Nevada an
airplane traveling at 250 mph flew through a dust devil just prior to the aircraft breaking
apart. Dust devils had been reported throughout the day and the dust devil in this collision
was observed by another pilot on the previous lap of the race.
Analysis: presumably the dust devil encounter either distracted the pilot resulting
in undesired control inputs, or the winds of the devil themselves caused an attitude excursion
resulting in overload and breakup.
20001214X43734: On 30 July 1983 a recently-built ultra-light aircraft began oscillating in
pitch, and the nose swept vertical. The vehicle then descended tail-first with its wings
folded and crashed, killing the pilot. A dust devil had been seen in the vicinity and several
more experienced pilots had stopped flying due to winds.
Analysis: No anomalies were noted in the vehicle's assembly. It seems evident
that winds may have been responsible for the attitude excursion which resulted in overload
of the wing brace wires. However, there appears no direct evidence that a dust devil was
responsible.
CONCLUSION
THE HAZARD DUE TO DUST DEVILS AND ITS DEPENDENCE ON ELEVATION
In many of the cases summarized here, the details of the accident report from the
pilot and from independent witnesses suggest a direct encounter with an observed dust
devil and the pattern of damage indicates that the dust devil may be considered the proximate
cause of the accident. Dust devils therefore present a demonstrable hazard to light aviation.
In a number of cases, an ‘unseen dust devil’, a ‘whirlwind/dust devil’ or more generically’
‘wind shear/turbulence/dust devil’ are referred to.
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In many of these instances, a conventional dust devil is unlikely to be responsible, although
an ‘unseen dust devil’ (a convective vortex generated the same way, but not rendered
visible by lofted dust) appears to be a not uncommon phenomenon. In one instance,
although the pilot’s report hypothesizes a dust devil, the vertical winds are believed to be
due to downwash from nearby hovering helicopters. In another case, an aircraft was
overloaded and may have crashed without the intervention of a dust devil. Thus some
caution must be exercised in blindly accepting the results of a keyword search.
The time-of-day statistics of the recorded incidents are broadly consistent with
those recorded by Sinclair (1969), although with an earlier onset, perhaps reflecting a
sampling bias due to early morning flying. Of particular interest is the elevation distribution,
with half of these incidents occur at elevations above 600 m. This is suggestive of enhanced
dust devil activity or violence at higher elevations. Since dust devils are heat engines
(Renno et al., 1998), and their 'hot end' is determined principally by (elevation-independent)
radiative balance, while the ambient 'cold end' temperature will presumably be colder at
higher elevation, it would follow theoretically that dust devils might be stronger at higher
elevations.
Clearly there may be biases in the amount of flying activity, specifically light
aviation which may be particularly susceptible to dust devil damage, with altitude.
Normalising for such bias would be problematic, and in any case, a simple consideration of
the elevations of major population centres would argue for enhanced activity at low
elevations unless there were an enhancement of dust devil intensity on higher terrain. An
in-situ study of dust devil parameters at different elevations is therefore suggested.
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Hundreds of homes were flooded, and surrounding fields were covered with stone, clay,
and other debris for months. As extreme rainfall goes, this event, with a 24-hour total of
114.3 mm (although unconfirmed figures of 125-150 mm were reported locally), was still
some way off the British record of 279 mm at Martinstown, near Dorchester, Dorset, (18 July
1955) and the 200.4 mm at Otterham, near Boscastle, in August 2004. But what all these
figures demonstrate is that summer rainfall can produce high daily totals with devastating
consequences in specific environments, especially steep-sided valleys.
The Holmfirth flood, like that at Boscastle, occurred during daylight, which
facilitated escape and rescue; however, the severity of the surging 12-18 ft of water still
resulted in the loss of life. The similarly tragic Lynmouth flood of 1952 occurred at night,
and night-time floods almost certainly make any rescue operation much more difficult as
residents would be less aware of the developing situation. Since Boscastle, summer flash
floods have received much attention. It is thought that climatic changes in the past three
decades could be part of the reason for the series of intense flooding episodes seen across
the country in recent years (Environment Agency, 2005), but it is too early to regard this as
proved. Floods of this magnitude are predicted to be more frequent under a changing
climate, and therefore have even greater implications if they occur at night. In theory,
climate change should reduce summer rainfall. However, changes in extreme events are
another matter. Changes in the total amount of precipitation will be accompanied by changes
in the number and intensity of precipitation events. Over the northern U.K. it is thought
that precipitation intensities will increase in both winter and summer, the most intense falls
becoming perhaps several times more frequent than at present (Hulme and Jenkins, 1998).
This is likely to lead to a greater risk of flash flooding in the future.
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