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Behavior of Dust Devils
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Department of Geography, Indiana University, Bloomington, Ind.

ABRRTRACT

Behavior of dust devils in several parts of North
genearl behavior of dust devils in these areas found tn
by Humphreys.

dust whirls and diablos,* have been de-
scribed by muny explorers and geog-
raphers, but have received little attention
from meteorologisty, possibly beeause these
wind features are most frequent where hu-
man activities and occupation are least.
Data here presented are based on visual
obgervation ot several thousand dust devils

DUS’I‘ DEVILS, also known as sand devils,

in arid regions between Guaymas, Sonora,
and Medicine Ilat, Alerta; and on numer-
ous instrumental observations in the Utah
Desert aren.  Findings during  this study
are in substantial accord with previous ones
as reviewed by Humphreys (1940).

GENERAL DESCRIPTION

A typical dust devil 19 a small wlirlwind,
shaped roughly like a cone, with the apex
near or at the ground surface, and the base
some distance above ground level.  Dust,
which makes this transitory wind feature
visible, is of local origin, and apparently is
an ineidental eomponent, having little influ-
enee on the mechanies of the atmospherie
vortex. A typical dust devil is shown in
I'reure 1, Although nearly all dust devils
resemble an inverted cone, extreme variations
in height, and in the height-basal diameter
ratio, are encountered in the field.

TRAJECTORIES

Study of the trajectories of dust devils
discloses that they have many forms of
motion, ranging from substantially zero
through “‘pure randomn’’ to several system-
atic forms. Complicated ‘‘mixed cases’’
are frequently encountered, as are non-

UThe *erm diablo is current among Spanish-speak-
ing people. A few Indiar: ulong the shore of the
Gulf of Californin cali these same whirlwinds molindgs
de areing (sand-mills), a term possibly learned from
Spanish  Jesuits in the Jate 1600s, who taught an
abridged form of Spanish in the area.

America is outlined; field data are presented; and the
be in substantial accord with physical theories presented

random motions; which vunnot be aecounted

for with any confidence by application of
known principles. .
Stationary Dust Devils,.—Oceasionally &
dust devil will migrate to, or originate over,
a small topographic ‘‘high,”’ and there
ffeamp’’ for an extended period; usually
removing  all loose dust and other Jight
debris from the immediate vicinity.  This
commonly oceurs, in flat desert areas, over
large anthills,  An extrome case was ob-
served some yoears ago, durirg the construe-
tion of o lurge railroad embankment near
Altar, Sonora. In midmorning, a large
dust devil suddenly appeared at the end of
the embankment, and removed thevefo o
proximately  one cubie yard ot ane ser

RN g i B

e, 1. A typical dust devil, approximately 2,000
feet high, in the Dugway Valley, Utah. The base
is just above the Stansbury shoreline.  Motion of the
dust devil is from left to right in this view.

Y




[Vol. 28

are presented; and the
~ical theories presented

annot he accounted
183 :\ppli('nﬁol’l of

'« —QOccasionally a
, or originate over,
kigh,”” and there
ed period; usually
+ and other light
ate vicinity. This
desert areas, over
reme case Was ob-
turing the construe-
embankment near
imorning, a large
ared at the end of
waved therefrom ap-
vard of sand per

s

;“.Mh ki

©  approximately 2,000
Dey pﬁ'uh The base
xeiine  Motion of the
ta this view

April, 1047]

nour for four hours. Erosion was halted,
and the dust devil broken up, by parking a
pulldozer at the end of the fill. A similar
ease, reported by Picete from the vicinity of
Cairo, Egypt, is cited by Humphreys (1940,
p- 153).

Migratory Dust Dcvils.—Commonly, dust
devils are not stationary, but move slowly
and erratically in a fairly definite direction.
In some instances, this direction is deter-
mined by a small topographic ridge, such as
a railroad embankment, road fill, or ancient
bar. More often, the net travel of a migra.
tory dust devil is about the same as that
of the local wind, although the total travel
of the base of the dust devil, apparently due
to pure random wanderings of the axis, is
usually considerably greater, as is indicated
in FIGURE 2.

Systematic Dust Devil Motion.—In a few
dish-shaped playas, dust devils follow a regu-
lar spiral course, on windless days. This
behavior has been ohserved in the Ajo
Valley (centered about Lat. 32°25' N;
liong. 112°48'W), Arizona, and Saline Valley
(centered about ILat. 36°40'N; TLong.
117°35" W), California, by the writer, and
has been reported ‘to him as occurring in
several circular playas in central Nevada.
This motion is diagrammed in FIGURE 3.
Rotation of the path of the dust devils, in
both areas observed, was always counter-
clockwige, although the vortices rotated
cither way, and in some instances (ap-
parently) reversed direction after passing
over small obstacles. In the Ajo Valley,
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TRAJECTORY OF DUST DEVIL

Fic. 2. Trajectory of dust devil when migrating
under influence of wind.

several dust devils, in the same track, but
swveral circuits apart, may be present simul-
taneously. This was not seen’ in Saline
Valley,

Trajectory Controls.—Field observations
indicate that the trajectory of a dust devil
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is largely controlled by local topography
where there is little or no regional wind;
but that, when regional wind reaches a
definite speed, approximating three miles per

Fic. 3. Trajectory of dust devils in windless
weather in a circular playa.
hour in many areas, the wind, and not the
local topography, becomes the main con-
trolling factor.

At the peripheries of some desert basins,
such as the Pahranagat and Snake Valleys,
in southeastern Nevada, and Darwin Wash,
California, local canyon winds, of convec-
tional origin, modify dust devil trajectories
markedly.

FAVORABLE GEOGRAPHIC (C'ONDITIONS

Dust devils are most frequently seen in
broad arid basins, where there is little sur-
face vegetation, and much loose surface dust.
This dust layer need not be thick, there
being enough dust on many supposedly
bare rock surfaces, such as the Snake River
lava plain (southern Idaho), or the Pinacate
lava field (northwestern Sonora), to make
dust devils clearly visible.

Dust devils are rarely scen in areas of
deciduous forest, well watered grasslands,
salt marshes, or over lakes. Where local
relief is considerable, as in badlands, dis-
sected plateaus, or mountaing, they are
seldom reported.

FAVORABLE ATMOSPHERIC CONDITIONS

In geographically favorable areas, dust
devils occur most frequently in clear weather,




Merric

m C
o T/
0.3 6./
1.5~ 767
/$2 378
§/0 33.3

o e

aT(c)

320
22-1
7.7

29

170

when the surface has been heated for some
hours, and when there is little surface wind.
Under these conditions, the surface air is
very hot with respect to that a few hundred
feet aloft, and the lapse rate, near the
ground, is decidedly superadiabatic. Typi-
cal favorable conditions, measured during a
‘‘Great-Basin-High’’ regime, are: surface
temperature, 160°F; one foot above surface,
142°F; five feet above surface, 116°F; 500
feet above surface, 100°F; 2,000 feet above
surface, 92°F; ‘‘rough air’’ at 2,500 feet.?

These atmospheric conditions,
theory and in the field, are the same as those
favoring developinent of inferior, or
‘“‘water’’ mirages (see Humphreys 1940, p.
151).

- F1ELD OBSERVATIONS

Although dust devils occur in many parts
of the world, in a variety of environments,
their behavior, wherever noted, is about the
same, a8 are the dimensions, and other fac-
tors involved. A large part of the observa-
tional data here presented, and all of the
instrumental data, was obtained in the §—u_l£
Lako Desert, Utah. So far as can be de-
termined from numerous observations clse-
where, all dust devils are dynamically
similar. :

Rclation to Mirages—Identity of condi-
tions favoring occurrcnce of dust devils and

- of inferior mirages has becen mentioned

proviously. When a dust dovil occurs in a
mirage arca, the reflectivo surfaco is dis-
rupted near the base of the vortex (which
is approximately the apex of the inverted
cone), and the dust devil apparently ‘‘eats
a hole’’ in the mirage. This is shown
schematically in FIGURE 4, the actual bound-
aries as seen being somewhat indefinite.
Length of the ‘‘window’’ along the trajec-
tory of the dust devil is commonly from

. 200 to 1,000 feet; width is commonly 100

to 500 feet.
A dust devil can sometimes be started by

3The first three temperatures were measured with
a fine-wire thermocouple, polished to minimize the
effect of incident radiation, The two upper-air tem-
peratures were measured with a_ slip-stream thermom-
eter. Both thermometers were checked by comparison
with a standard Weather Bureau station thermometer.
A f"boundary layer” condition is suspected at the
surface.
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creating a minor disturbance in a mirage,
as by firing a mortar shell into the ‘‘lake,”’
or by driving a jeep through it. In some
instances, the path of a& medium-sized ani-
mal, such as a jackrabbit or a coyote, across
the desert, is marked by a succession of
small dust devils. Tt is quite possible,
although not conclusively shown by field
observations, that most dust devils are
fégtarted’’ by small animals.

Fic. 4. “Hole” or ‘“window” in mirage
produced by dust devil.

Usual Dimensions.—Heights of dust devils
range from a few feet to a few thousand
feet, values exceeding 2,500 feet being un.
common, Major diameters (‘“top’’) are
almost ,invariably less than half the height;
and are usually less than onc-third of that
dimension.

In semiarid arcas, or localized dry areas
in humid regions (such as plowed ficlds or
now fills), dust devils rarely excced 100 feet
in height.

In many nareas of true desert, heights
average about GO0 fect.  This limit is
reached in many parts of the ‘‘Dust Bowl,”
in the Red Desert of Wyoming, and in the
Pecos Valley of Texas.

Where aridity is extreme, and vegetation

-nearly or entirely lacking, as in parts of

the Salt Lake Desert, Death Valley, the
deserts bordering on the Gulf of California,
and parts only of the Atacama Desert,
visible heights of from 2,000 to 2,500 feet
are commonly attained.

Several dust-laden wind vortices, tower- .
ing more than 5,000 feet above ground, have
been seen by the writer in Baja California.
These, which swept out over the Gulf and
raised waterspouts, may represent a maxi
mum development of dust devil action; or |
may have been tornados. As these disturd- ,
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ancod ocevwrred inoenrly morning, immedi-
atoly following a desicenting fallwind, anl
preceding a small hurricane, their classificn-
tion is somewhat doubtful.?

Numerous observations, in areas of ade-
quate dust supply, show that the visible top
of a dust devil coincides quite elosely with

graphie low of small dimennions, nuch an o
diteh or wmnll waush, it wsundly 4 fumps !
the low, as in Flovwg 6,

. , \
MIUHR & niano dis‘urbanee Inoaomirage, .
, me local modi-

’ through it.
v by driving u ,ecp & fleation of the trajectory may occur if the

instances, the path of a medium-sized ani-
s ’

mal sueh as a jackrabbit or a coyote, across
he desert, is marked by a succession of
It is quite possible,

~mall dust devils,

i ) £ the level at which a large smoke eolumn
d sively shown by field
although mot conclusively 3

ihservations, that most dusl devils are

“tgtarted’’ by small animals,

. 4. “Hole” or '‘window” in mirage
Fio produced by dust ‘dcw).

Usual Dimensions.—Heights of dust devils
range from a few feet to a few tlemand
feet, values exceeding 2,500 fect being un-
common. Majior diameters (‘“top’’) are
almost invariably less than half the height;
and are usually less than one-third of that
dimension,

In semiarid areas, or localized dry areas
in humid regions (~uch 13 plowed fields or
new fills), dust devils rarely esceed 100 feet
i ight.
nI):xe gmnny arcas of truc desert, .ho.ight.s
average about 600 feet. This limit is
reached in many parts of the ¢‘Dust Bowl,”’
in the Red Desert of Wyoming, and in the
Pecos Valley of Texas. .

Where aridity is cxtreme, and vegetation
nearly or entirely lacking, as in parts of
the Salt Lake Descrt, Death Valley, the
desertg bordering on the Gulf of California,
and parts only of the Atacama Desert,
vigible heights of from 2,000 to 2,500 fect
are commonly attained.

Several dust baden wind vortices, tower-
ing mere thun 5,000 feet above gruunfl, }m.ve
been seen by the writer in Baja California.
These, which swept out over the Gulf :m.d
raised watercpouts, may Trepresent a maxi-
mu-i deelopment of dust devit acti?n; ot
may have been tornados. As these disturb-
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““mushrooms’’ after initial stubilizntion
(F16. 5). This elevation is also that of the
base of a zone of extreme atmospherie
turbulence, ar ““bumpiness,’’ as determined
by flying through it in o light plane. Lapse
rate changes from distinetly supcradiabatie
below this turbulent zone to slightly sub-
adiabatic (as shown by radiosonde obscrva.
tions) above it. Tn a few instances only, a
weik inferior mirage way noted at {his lovel,
Behavior with respeet 1o Obstacles,—
Dust devil trajectories are modified or in-.
terrupted by a number of nhstacles, many
of them topographically minor. Although
cach area has its own loeal peculiarities, the
following generalitics seem  justified.
When a dust devil encounters » topo-
graphic high, it tends to climb to the sum.
mit, and then to ““eamp ™ (here.  The dust
devil will not usually descend a slope, even
it sided by a wind.. It wil, however, move

Fie. 5. “Mushrooming” of smoke columns, n
many instances, the base of the “mushroom" coincides
with the maximum level reached by dust devils,
across a slope with Jittle deviation, unless
influenced by a local wind.

When a dust devil encounters a topo-

YLocal Indian fisherman (mostly  Yaquis) state
that these disturbances precede and warn of burri-
anes, and ap,ear every falt except during the o
wco.  Although weather lore in his area is a weird
mixture of keen observation, several Indian theologies,
aad much misunderstood s ience, farecasts by these
Indian fishermen run about 70 percent accurate for
minor features, and 90 percent for burricanes.

OF DUST DEVIL

A

SURFACE TRACK

e

DITCH

1

Fra. 6. Behavior of a dust devil when crossing
A minor topographic low.  Upper figure shows trajec-
tory of visible base: lower ficure shows surface track
of “dust devil.  Arrows in ditch show direction of
motion of debris (tumbleweeds) during passage.

angle Dbetween  dust  dovil trajectory and
diteh caurse is acute.

When o dust devil travels from a land
aren to a water surface, it becomes in-
visible, but the vortex docs not necegsarily
dissipate imumediately, and it may raise
whiteeaps or salt whirls for a short distance,
Attempty to follow those vortices over water,
by use of viewing devices, such as polariz-
ing sereens, were not entirely suceessful, but
indieated atmosplicrie turbulenee for some
time after disappearance of narmally-visihle
evidenee of air motion,  With one possible
exception, previously cited, dust devils do
not produce waterspouts when they travel
out aver water surfaces,

Duration and  TLength of Track.—"Tleo-
retically, a dust devil ean continne to exist,
if stutionary, until it exhausts (he availabie
supply of heated air; and, if in motion,
until it travels out of a favorable environ-

ment,

Favorable mcteorological conditions, in

high-latitude deserts, exist from about two
hours after sunrise uniil a short time after
sunset, or somewhat more than fourteen
hours during the summer season,
quently, the theoretical limit of the duration
of a stationary dust devil in such an en-
vironment is slightly less than the length of

Conse-
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the legal day. No dust devil seen by the
writer, or reported to him, has even closely

approached this limit; few have lasted for

even half of this theoretical maximum.

A rough relation has been noted between
the size of a dust devil and the time which
" it lasts. An average figure, based on ob-
servations in the Salt Lake Desert, is one
hour of duration for each thousand feet

of height, provided the dust devil, during .

this time, does not travel out of the favor-
able geographical environment, or into a
cloud shadow.

. Net length of trajectory of a dust devil
migrating under the influence of wind can
be determined by simple and obvious compu-
tations, but. gross length, or total travel,
is somewhat more difficult to compute. One
carefully conducted set of measurements
indicated the gross travel of a migrating
dust devil was about 214 times the net
travel; while another series showed that the
gross travel equalled the local wind speed
plus 4% mph. As the wind speed in the
area where the tests were conducted was
close to 3 miles per hour when dust devils
were most numerous, it cannot be stated
with any confidence .whether gross dust devil
travel is better expressed by €S or § + K,
where 8 == wind speed, C and K are con-
stants.

Dust devils: with a height of about 2,500
feet (iriangulated), a life of seven hours,
and a net travel of forty miles have been
seen by the writer in a few instances on the
Bonneville Salt Flats in western Utah (see
USC and GS Salt Lake City Sectional
Aeronautical Map). Such development is
exceptional even for this area, which is
topographically and metcorologically ex-
tremely favorable to dust devil development.
Net course: and rate of travel in these in-
stances was about the same as the local
wind, and extinction. of the dust devils
was due to ‘‘running out of environment.?’’

Vortez Conditions.—Attempts to measure
the horizontal and vertical wind components
in dust devils, by chasing them in a jeep,
and inserting a portable airmeter into the
vortex, disclosed that both the horizontal
and vertical components exceeded 20 miles
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per hour, the limit of dependable indication
of the airmeter.

Temperature measurements, made by in.
serting a thermocouple into the vortex, indi.
cate that internal temperature is lower than
that of external air by several degrees.
This value may be as great as six degrees
(F), although, because of the effect of ve-
hicle vibration on the bridge galvanometer,
and possible errors in placement of the
thermocouple, considerable error is possible.
In one instance where a dust devil passed
over a fixed recorder, air temperature rose
2F° above its previous average value, then
fell 5F° below it, and returned to the
original value, all in one minute. Because
of recorder damping, these values are not
maxima. Initial temperature rise is tenta.
tively attributed to friction of heated sand
on the thermocouple.

A piece of metal inserted into a dust devil
a few feet above the ground becomes
strongly charged with respect to ground, the
amount of charge and its polarity being ap-
parently a function of the nature of the
dust particles.

When an aneroid barometer was inserted
into a dust devil, the indicated pressure
rose slightly as the outer, dust-laden zone
wag penetrated, then fell markedly near
the center, which is largely free of dust.
Internal pressures from % to 234 inches
of mercury below those outside were indi-
cated by this procedure.

Because dust devils earry various objects
aloft, such as mice and tumbleweeds, an
other determination of the vertical wind
component can be made on the assumption
that the wind speed nccessary to carry an
object upward is not less than the maximum
speed of free fall of that same object
(‘“terminal velocity’’). The largest object
seen to fall from a dust devil being 3
kangaroo rat (Dipydomys sp.), the terminal
velocity of this amimal was measured by

dropping several of them from the top of .

the control tower and timing the last 20 fee!
of fall. This was found to vary from 2
to 30 mph, the animal being apparently
unhurt after landing, although usually very
angry. This would indicate that the maxi-
mum upward component in a dust devil

?
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per hour, the limit of dependable indication
of the sirmeter.

Temperature measurements, made by in-
serting a thermocouple into the vortex, indi-
cate that internal temperature is lower than
that of external air by several degrees.
This value may be as great as six degrees
(F), although, because of the effect of ve-
hicle vibration on the bridge galvanometer,
and possible errors in placement of the
thermocouple, considerable error is possible.
In one instance where a dust devil passed
over a fixed recorder, air temperature rose

2F° above its previous average value, then' -

fell 5F° below it, and returned to the
original value, all in one minute. Because
of recorder damping, these values are mot
maxima. JInitial temperature rise is tenta.
tively attributed to friction of heated sand
on the thermocouple.

A piece of metal inserted into a dust devil
a few feet above the ground becomes
strongly charged with respect to ground, the
amount of charge and its polarity being ap-
parently a function of the nature of the
dust particles.

When an aneroid baromecter was inserted
into a dust devil, the indicated pressure
rose slightly as the outer, dust-laden zome
was penetrated, then fell markedly near
the center, which is largely free of dust.
Internal pressures from Y% to 214 inches
of mercury helow those outside were indi-
cated by this procedure.

Because dust devils carry various objects
aloft, such as mice and tumbleweeds, an-
other determination of the vertical wind
component ean be made on the assumption
that the wind speed necessary to carry anm
object upward is not less than the maximum
speed of free fall of that same object
45¢2rminal velocity’’). The largest object
wup to fall from a dust devil being a
kungaroo rat (Dipydomys sp.), the terminal
veloeity of this animal was measured by
dropping several of them from the top of
the control tower and timing the last 20 feet
of fall. This was found to vary from 25
to 30 mph, the animal being apparently
unhurt after landing, although usually ver.y
angry. This would indicate that the maxi
mum upward compoment in a dust devil
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exceeds 25 miles per hour. If, as has been
reported by some desert residents, but not
seen by the writer, cottontails and jack-
rabbits are carried aloft by dust devils,
the upward component may exceed 35 miles
per hour, the terminal velocity of a jack-
rabbit (which is stunned and internally
injured on landing).

Occasional passage of dust devils over
fixed wind recording stations gave indica-
tions of horizontal winds that accelerated
from near zero (0-3 mph) to speeds of from

. 50 to more than 90 mpl, and then returned

“to approximately their previous low value,
all within 30-100 seconds. During this
same interval, the wind vane made several
complete revolutions. Speed traces over-
lapped when wind specds exceeded about
90 mph, and the direction recorder did not
respond to vane rotations at a rate exceed-
inig 10 rpm. 1In several instances, record-
ers were found with all bearings burned
out, and all cavities packed with sand, due
apparently to a dust devil ‘‘camping’’ at the
instrument station.

Application of standard engineering
computations to damage caused when large
dust devils passed through an outdoor stor-
age yard indicated that the maximum over-
turning force (the square root of the sum
of the squares of the horizontal and vertieal
forces) in no instance equalled that pro-
duced by a wind of 150 mph; that the
horizontal component exceeded the vertical ;
that the maximum force was concentrated
in a path less than ten feet wide; and that
wind speed 25 feet on each side of the
central track in no observed instance ex-
cceded 20 mph. The above computations
were corrected for the altitude (4,300
msl), but not for possible ‘‘rocking’’ or
resonance effects.

METEOROLOGICAL SIGNIFICANCE

Both theory and field observations indi-
cate that dust devils are normal phenomena
in flat areas when wind speed is low and
the lapse rate is steep. Im most general
terms, the frequency of occurrence of dust
devils is 8 direct, but not simple, funetion
o the magnitude of local thermal instabil-
ity, not otherwise relieved. Vertical dimen-
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sions of dust devils are limited, at least in
part, by the vertical extent of this in-
stability.

In most desert areas, and some others,
the net incident radiation is of such magni-
tude that air temperatures, if the surface
air were confined, would excced those actu-
ally recorded by many degrees. Disposition
of this ‘‘entropic excess’’ is usually attrib-
uted to convective motions of the lower
atmosphere. That these motions take place,
and that their magnitude is sometimes very,
great, is amply shown by air currents in
the immediate vicinity of cumuli. In most
desert, and some other, areas, however, the
magnitude of such convections is entirely
inadequate to account for all thermal relief.

Where terrain is favorable, thermal relief
is attained by lateral migration of heated
air to cooler areas. The peripheral anabatie
winds of some desert basins are an extreme
development of this effect. With one or
two doubtful exceptions in the Death Valley
areq, these also are of insufficient magnitude
to bring about the known reduction of air
temperature. They may, lhowever, in some
instances, cause as much as half of it.

If all thermal relief not otherwise aec-
counted for is attributed to dust devils (or
similar vortices, not necessarily visible),
then they may be credited with a maximum
relief of one-third of the total.

Field observations suggest, but computa-
tions do not conclusively demonstrate, that
there is an upper limit to the amount of
thermal relief which can be brought about
by ordinary (or classical) convection, and
a lower limit (perhaps 10F° lapse from
surface to 100, feet above it) below which
dust devils are negligible factors in thermal
relief,

CONCLUSION

By application of physical theory to the
sketchy data then available, Humphreys
(1940, pp. 151-155), prior to 1928, outlined
a theory of dust devil behavior which is
supported by observations here described.
Extension of this theory, to cover air motion
within the vortex, should be practicable with-
in the near future.
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Field data here presented are regarded
as a second approximation, probable error
being between 10 and 209%. Further obser-
vations, to a higher degree of accuracy,
should be made as soon as instrument de-
velopments make them possible.

Field instruments now (1946) available
which are sufficiently portable for use in
areas where dust devils are plentiful are,
in general, too slow in their responses, and
too subject to dust damage, to permit greater
data refinements.

Relief of ‘‘entropic excesses’’ by dust
devils in desert areas certainly occurs, but
its relative magnitude, under a variety of
conditions, needs more accurate determina-
tion; as does the magnitude of similar
thermal adjustments, in nondesert areas, by

[Vol. 23

whirlwinds similar to dust devils, but in.
visible because of lack of dust.
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Meteorology Articles for High-8chool Students

The March 3-7 issue of Current Science and Aviation, which goes to high-schou
students throughout tho country, is devoted almost exclusively to meteorology. There are
articles on ‘‘Radar and Weather?’!, “ Weather, Climate and Business’’, in which the Ameri
can Meteorological Society’s interest in industrial metcorology is quoted, ‘‘West Coast
Weather Hop’’, ““~—Or Southeast Hurricane ‘Op’ ’?, ‘“Arcata: Landing Aids Experiment
Station’’, ‘‘Weather to Order’’, All articles are illustrated. In the scction on ‘‘Science
Activities’’ are presented 13 questions of fact, 10 questions for thought, 5 things to do, and
references to 8 recent articles about weather. Also in ‘‘Sky Quiz’’ are 5 multiple choice

- questions, for example, ‘* Atomic bombs may some day be used to control the weather, to

make rain, or to smash hurricanes. True or false?’’ This is a question to which the
meteorologists still do not know the answer. The illustrations include a rawin station, an
automobile squashed by an uprooted tree, hurricane damage, maps of weather spots of the
world and of the United States, showing the locations of the hottest, coldest, wettest, driest,
snowiest, sunniest, cloudiest, windiest, and stormiest weather, a radiosonde balloon, & pro-
peller type of air mixer for orchards to prevent frost, a wind vane-anemometer assembly,
weather plane, radar landing apparatus, and the North American Aviation 75-ton steel
‘¢proving room”’.—C., F. B.

Weather Catastrophes

In the 10 years 1937-1946, there were 96 weather catastrophes in the United States
causing 3,137 deaths, or 10.5 and 24.2% of the respective totals of all catastrophes in this
period, according to a compilation of the Metropolitan Life Insurance Company, published
in their Statistical Bulletin, Mar., 1947, pp. 14. By ‘‘catastrophe’’ is meant an accident
or condition killing 5 or more people. There were 14 occasions when the loss of life win
100 or more, of which 6 were weather, ranking 1st (1938 hurricane, 682 lives), 3rd (1937
Ohio-Mississippi valley floods, claiming 360), 7th (Feb.-Mar. 1938, southern California

" floods, 181), 9th (1944, June 23 tornadoes in Pa., W. Va, and Md., 159), 11th (1945,

Apr. 12, tornadoes in Okla.,, Mo,, and Ark., 119), and 13th (1942, Mar. 17, tornadoes in
southern and midwestern states, 111).—C. F. B.
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