Leonardo da Vinci and
the Downburst
Abstract
Evidence from the drawings, experiments, and writings of Leonardo da Vinci are presented to demonstrate that da Vinci recognized and, possibly, discovered the downburst and understood its
associated airflow. Other early references to vortex flows resem-

bling downbursts are mentioned.
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cuted a series of 11 drawings called Deluge or Visions
of the End of the World, one of which is shown in
figure 1 . These drawings, now at the Royal Library,
j n Windsor, England, have sometimes been COnsidered hi hi
ersonal ima es "obviousl untr
ere
^ persona images. O VIOUS y un rue O
nature," according to Clark (1968, p. 54), or visions

1. da Vinci's Vision
Toward the end of his life, Leonardo da Vinci exe-

of an old man no longer able to bring ideas and projects to completion. (Hartt 1973, pp. 410-411). The
notes da Vinci wrote across the margins of these
drawings have helped to reinforce the impression that
they are highly subjective creations. Describing
drawing 12 665, Leonardo wrote:

FIG. 1. Deluge by Leonardo da Vinci (c. 1515). This is one of 11 scenes, most of which contain definite downbursts showing vortexring structure. (Drawing No. 12380. By kind permission from the Royal Library, Windsor.)
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Into the depth of some valley may have fallen the fragments

of a mountain damming up the swollen waters of its river;

which having already burst its banks, will rush on in monstrous waves; and the greatest will strike upon and destroy

the walls of the cities and farm houses in the valley. Then

the ruins of the high buildings in these cities will throw up

a great dust, rising up in shape like smoke or wreathed
clouds against the falling rain. (Clark 1988, p. 241)

Despite the obviously visionary nature of da Vinci's
Deluge scenes and the accompanying inscriptions,
the main purpose of this historical note is to demonstrate that, in these drawings, da Vinci accurately
and deliberately represented thunderstorm downbursts that he had discovered and diagnosed through
a combination of careful observation, incisive experiments, and cogent reasoning. Still, da Vinci was not
the first person to recognize the existence of atmospheric vortex flows resembling downbursts, or to have
some understanding of their dynamics. Other early
references to, and explanations of, such flows will be

pointed out.
In figure 1, da Vinci depicted a downburst pouring
out of the base of a cumulus or cumulonimbus so
forcefully that it toppled jointed cliffs, causing huge
boulders to fall into a swollen river, sending out waves
that spread radially outward across the land, similar
to waves riding up a beach. The downburst, and each
of the surges spreading out along the ground, have
an unmistakable vortex-ring structure (shown in figure 2) and bear an almost uncanny resemblance to
recent photographs taken at the leading edge of
downbursts (figure 3), rendered visible by picking up
dust. (See also Fig. 2.7 from Fujita [1985]. Fig. 2.10
from Fujita [1986]. Caracena et al. [1989].)
da Vinci, of course, did not have access to photographs, but was an astute observer of the atmosphere. He also performed experiments with water
that were instrumental in his atmospheric discoveries. Referring to diagrams of fluid motion, da Vinci

FIG. 2. Schematic picture of the vortex-ring structure of a microburst.
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wrote in his Notebooks, "Remember first, when discoursing about water to adduce first experience and
then reason" (MacCurdy 1955, p. 711). da Vinci employed (and perhaps developed) three techniques still
used by fluid dynamicists to render the motions of
water easily visible. When he poured water from an
elevated conduit into a reservoir of water to view the
resulting eddies, he would dye the water from the
conduit, noting, "These convolutions must be made
with colored water falling blindly into clear water"
(MacCurdy, p. 702). To observe the motions in moving water, such as occur downstream from an obstacle, he would throw sawdust, panic grass, or some
other tracer on the surface of the waters, noting "If
you throw sawdust down into a running stream you
will be able to observe where the water turned upside
down . . . and many other things" (MacCurdy, pp.
727 and 681). Finally, da Vinci noted that waves and
other fluid motions can be investigated by the shadows they cast on the bottom of the body of water,
where it is shallow, writing, "Observe the clear water
where it is shallow beneath the rays of the sun, and
you will see, by means of the sun, all the shadows
and lights of the said waves and of the things carried
by the water" (MacCurdy, p. 686).

651
da Vinci illustrated and commented on the vortices
he observed. He noted the existence of point vortices, writing, "The spiral or rotary motion of every
liquid is so much the swifter in proportion as it is
nearer to the center of its revolution. This that we set
forth is a circumstance worthy of note since movement in the circular wheel is so much slower as it is
nearer to the center of the revolving object" (MacCurdy, p. 650).
da Vinci illustrated the motion of eddies that form
when water flows around obstacles or from an elevated conduit into a reservoir of water (figure 4) and
offered an explanation for these eddies (following
classical concepts enunciated by Aristotle) in terms
of a principle of conservation of motion.
In equating the movement of wind with that of water,
da Vinci wrote:
All the movements of the wind resemble those of the

water. Universally all things desire to maintain themselves
in their natural state. So moving water strives to maintain

the course pursuant to the power which occasions it, and

if it finds an obstacle in its path it completes the span of the

course it has commenced, by a circular and revolving mo-

tion. . . . So when water pours out of a narrow channel and
descends with fury into the slow-moving currents of mighty

seas land] beats down upon this slow-moving mass, and

FIG. 3. Microburst produced by a thunderstorm near Old Glory, Texas, 20 May 1985. The downburst descending on the right is
invisible until it kicks up dust along the ground. The dust moved to the left along the ground at 70 kt. Vortex motion is traced on the left
leading edge of the microburst by the dust flowing towards the left and then curling sharply upward. (Photograph was kindly provided
by Alan Moller.)
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FIG. 4. Studies of Water Movements by Leonardo da Vinci (c. 1505). These drawings show the vortices that form in the lee of obstacles
or when water is poured into a reservoir. In the lower drawing even the bubbles have been included. (Drawing No. 12660. By kind
permission from the Royal Library, Windsor.)
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this cannot make a place for it with sufficient speed because

it is held up by the rest of the water; and so the water that

hour an a half after sunset, so enormous was its size. And

about two hours after night had fallen there arose a stupen-

descends, not being willing to slacken its course, turns round

dous storm of wind.

cling eddies, and so fulfils its desire down in the depth; for

was pent up within it, being compressed by the conden-

movement. . . . The eddies at the bottom of water move in

weakest part, rushing through the air with incessant tumult,

661)

hand underneath the water (MacCurdy 1955, p. 761).

after it has struck, and continues its first movement in cirin these same eddies it finds nothing more than its own

an opposite direction to those above. (MacCurdy, p. 660-

da Vinci repeatedly stressed the similarity between
motions of water and of air, noting elsewhere that
"The movement of water within water proceeds like
that of air within air" (MacCurdy, p. 645). da Vinci
may have performed his experiments with water primarily as a guide to solving problems in hydraulics,
but he certainly appreciated their applicability to atmospheric phenomena. Thus, after watching the motions resulting when colored water was poured into
a reservoir, it would be far easier to conclude, "The
winds descend from above to below at various angles, and, striking the water or the earth, set up lateral
motions along various lines, as does the water which
penetrates other water" (MacCurdy, p. 395). da Vinci
also commented on the asymmetry in the lateral motion that results when the descending winds or waters
have a different horizontal velocity than the surroundings (MacCurdy, p. 650) and shows this asymmetry in figure 4.
da Vinci understood the downburst as an attendant
feature of some thunderstorms. His explanations of
convective clouds constitute a mixture of classical
ideas, replete with their misconceptions, and his own
incisive reasoning based on careful observation and
experiments. For example, da Vinci accepted the four
primary elements—earth, water, air, and fire—assigning them to their respective zones. He also had
no idea that the temperature of ascending air decreases adiabatically, and instead assumed that ascending air eventually encounters a cold zone aloft
and is then made cold by contact. But da Vinci used
his own observations and reasoning to obtain a far
better visual and conceptual picture of thunderstorms
than anyone before him:
And when the cloud is created it also generates wind . . .

in the creation of the cloud it attracts to itself the surrounding air, and so becomes condensed, because the damp air

was drawn from the warm into the cold region which lies
above the clouds . . . The air rushes in to fill up with itself

the space that has been left by the [former] air, which was
first condensed. . . . I have already had an opportunity of
observing this process; and on one occasion above Milan,

over in the direction of Lake Maggiore, I saw a cloud shaped

like a huge mountain, made up of banks of fire, because

the rays of the sun which was then setting red on the horizon had dyed it with their color.

This great cloud drew to itself all the little clouds which

were round about it. And the great cloud remained stationary, and it retained the light of the sun on its apex for an

And this, as it became closed up, caused the air which

sation of the cloud, to burst through and escape by the

acting in the same way as a sponge when squeezed by the

da Vinci's concept of convective clouds, based on
this and other writings, can be briefly summarized as
follows: Warm, humid air rises to a higher zone in
the atmosphere where it is surrounded by cold. This
leads to cooling by contact, which commences at the
periphery of the warm parcel. Cooling then results in
condensation of the cloud. But because the cloud
region has been condensed (i.e., reduced in volume), air is drawn in from all sides in order to avoid
a vacuum. Then, because of the increased density
caused by a combination of the cold, the mass convergence, and the weight of the rain, the excess air
bursts out through the cloud (similar to a sponge being
squeezed). Because of its density, the extruded cold,
rain-laden air tends to burst downward. The cloud
dies when the air leaves it, but the downburst takes
on a brief life of its own, pushing quiescent air out
of the way and spreading out along the ground as a
vortex ring.

The human fascination with vortices is ancient and
seemingly universal (Lugt 1983). Vortices have appeared repeatedly in the art of widely separated societies. Not all, of course, were based on observations
of fluid motions. Some were inspired by the spiral
patterns of seashells, leaves, or even coiled animal
motions. On many occasions, the spirals became
decorative and involved a degree of abstraction or
stylization. Nevertheless, many of the painted or
carved whorls retain a strong connection with vortex
motions. The spiral is one of the Egyptian hieroglyphic symbols for storms (Budge 1960). Examples
of vortex rings have been found on European pottery
dating from the 4th millenium B.C. (Schachermyer
1959). Vortices appeared in Mesopotamian art well
before 2000 B.C., and were quite common in the
waters of Assyrian battle scenes from 900 B.C. In
Olmec, Mexico, at Chalcacingo, around 1000 B.C.,
a petroglyph shows a god blowing vortices, including
a smoke ring, out of a cave (Gedzelman 1989; Gay
1972; Schaefer and Day 1981). The swirling cloud
form became an enduring Chinese motif before 1500
B.C. (Gedzelman 1989), while, since at least 525
A.D., Chinese artists have used the swirls as streamlines to reveal the vortices in flowing clouds (Gedzelman 1989). A Japanese silkscreen, c. 1770, by
Soga Shohaku entitled, The Chinese Immortal Ch'en
Nan Causing a Rainstorm (see cover this issue), shows
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a descending current terminating in a vortex closely
resembling a microburst. It is possible that earlier examples of such downburst vortices may exist in Japanese or Chinese art.
Scientific interest in vortices arose early and has
periodically been revived, da Vinci was by no means
the first to conceive the idea that some fluid vortices
originate as a result of a principle of conservation of
motion (i.e., when the leading edge of a volume of
fluid encounters resistance when approaching an obstacle or moving into quiescent surroundings but is
still propelled from behind). This concept was stated
clearly by Aristotle in his Meteorologica and later restated by Seneca. Furthermore, in Meteorologica, Aristotle went on to relate these eddies to whirlwind
motions descending from clouds as a result of their
density.
W h e n the wind produced in the cloud runs against another

the result is similar to that produced when the wind is forced
from a wide into a narrow place in a gateway or road. In

such circumstances, the first part of the stream is thrust aside
by the resistance either of the narrow entrance of or the

contrary wind and as a result forms a circular eddy of wind.

For its forward part prevents it from going forward, while
its hinder part pushes it from behind, and so it is forced to

flow sideways where there is no resistance. This happens
to each succeeding part of the stream, till finally it forms a

single body whose shape is circular. . . . This, then, is the

cause of wind eddies on the earth and they start in a similar
way in the clouds. . . .

In a whirlwind the cloud follows

the windstream continuously; and because of the cloud's
density the wind is unable to separate itself from it and so
is forced round in a circle at first (for the reason given above),

and then descends because the clouds always condense

where the heat leaves them. . . . A whirlwind thus arises
when a hurricane that has been produced is unable to free

itself from the cloud: it is caused by the resistance of the

eddy, and occurs when the spiral sinks to the earth and
carries with it the cloud from which it is unable to free itself.

Its blast overturns everything that lies in its path, and its

circular motion whirls away and carries off by force anything it meets. (Aristotle, Meteorologica,
1).

book III, chapter

Descartes, noting that eddies invariably develop
when a solid is moved through a fluid continuum,
considered matter to be embedded within primeval
vortices of all scales, while light consisted of tiny
swirling globes (Lugt 1983). This theory was ardently
defended until it was disproved by Newton.
R. Bohun included a section on descending eddies
from clouds in his A Discourse Concerning the Origine and Properties of Wind (1671), showing one
drawing (p. 17) that closely resembled a downburst,
complete with leading vortex. (This figure was reproduced as figure 3 in McCarthy and Wilson 1984.)
Bohun, acknowledging Aristotle's writings on the
subject (and mentioning Descartes as well), basically
reworded Aristotle's arguments to conceive a downburst-like wind, complete with vortex, produced when

two clouds collide. He observed such winds when
showery clouds passed overhead:
I have oftentimes observed, that stiff gusts of wind happen
immediately before rain because the clouds being over-

charged and teeming with showers, press more than at other

times; and when the atmosphere begins to thicken, and

grow ponderous over our heads w e seldom fail of a wind

some small distance from thence; which likewise ceases

when the shower is fallen (Bohun 1671).

Helmholtz (1858) redirected attention to vortices
in a landmark paper, " O n the Integrals of Hydrodynamic Equations to Which Vortex Motions Conform," which inspired a spate of theoretical and
experimental papers. Tait's experiments with smoke
rings traveling through or striking one another, or
striking walls, gave the impression of solidity to air
motions (Kelvin 1867). Enthusiasm about vortices
reached such a pitch that Lord Kelvin (1867) suggested smoke rings are macroscopic analogs of nature's most fundamental particles. Reynolds (1874;
1877) unwittingly followed in da Vinci's footsteps by
using colored water to demonstrate the flow patterns
resulting from raindrops falling on water or in the
wake of a disk drawn through water. The preeminent
importance of vorticity in larger-scale atmospheric
motions has, of course, long been accepted.
Considering this longstanding fascination with vortices, it is remarkable that, excluding da Vinci, there
have been, until recently, only a few rather hesitant
suggestions to compare the flow fields of vortex rings
to actual atmospheric flows. Downdrafts have long
been associated with thunderstorms. In dry regions it
was recognized that downdrafts from thunderstorms
sometimes spread out along the ground and give birth
to dust storms, known as "andhis" in India and as
"haboobs" in the Sudan. Hankin (Ludlam 1980, p.
212) noted that, at the leading edge of andhis in India, "sometimes the dust is locally raised in great
masses as if a descending current from a gigantic hosepipe were playing on the ground." Hydraulic engineers have recognized that a head forms at the leading edge of density currents in which heavier fluid
spreads out beneath a lighter fluid (Karman 1940) and
meteorologists have applied this finding to certify ascending motion within the leading edge of the head
for the sea-breeze front (Defant 1951). Simpson (1969)
performed laboratory experiments with density currents, showing the relative motions within and above
the head and, using information from glider pilots,
drew analogies between these motions and those of
thunderstorm outflows and sea breezes.
Nevertheless, the prevalence of downbursts, and
their associated flow fields, have not been documented until quite recently. It was only in the aftermath of the crash of Eastern Airlines Flight 66 at John
F. Kennedy Airport in New York City on 24 June 1975,
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during a thunderstorm, that Fujita (1976) identified
and defined downbursts as features of some thunderstorms and other convective clouds, showing their
danger to aviation. Several more years elapsed before
Fernando Caracena (1982) hypothesized that the flow
field of a downburst spreading out along the ground
resembles that of a spreading vortex ring (Fujita and
Caracena 1978; Fujita 1985; Fujita 1986). As a result
of these, and related works, aviators have been alerted
to the existence and potential dangers of downbursts.
These findings have probably saved hundreds of lives
already, but hundreds more might have been saved
if credence had been given to da Vinci's Deluge scenes.
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