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Much of Earth’s precipitation begins its journey from the atmosphere to the ground in the form of ice. The
miniscule nucleus of a snowflake may form de novo by sublimation of pure water vapour directly into solid ice at
very, very cold temperatures (-42 degrees Celsius). These temperatures exist in the upper troposphere. Recall
that the troposphere is the lowest portion of Earth’s atmosphere (closest to the Earth where all storm activity
resides); averages about 11 km, or 7 miles in height; and contains almost all of the atmosphere’s water vapor and
aerosols. What is the range of temperatures in the troposphere that envelops Earth?

Snowstorm. Source: http://nyc.metblogs.com/archives/images/2006/02/02…; accessed March 11, 2008.
The temperature in the troposphere varies from the temperature at the Earth’s surface to between -40 and -60
degrees Celsius at around 10 kilometers height, or where the troposphere meets the next higher layer of the
atmosphere, the stratosphere. At temperatures warmer than -40 degrees Celsius, ice nuclei formation
(sublimation) is NOT spontaneous. How then do snowflakes and other types of precipitation form in the mid- and
lower-troposphere? The answer is pre-existing ice nuclei called “ice nucleators”. When various kinds of ice
nucleators are present in the troposphere, water vapor will freeze onto them to make snowflakes and most

raindrops at the warmer temperatures of the troposphere.

Graph showing temperature of various layers of Earth’s atmosphere. Source:
http://apollo.lsc.vsc.edu/classes/met130/notes/cha…; accessed March 11, 2008.

Three Categories of Ice Nucleators in the Atmosphere
For more than 200 years, investigators beginning with Ehrenberg (1795-1876) have postulated different types of
particles that may serve as ice nuclei in the troposphere. (1) Three major categories are:
1. Meteor dust particles, which serve as ice nucleators mostly at temperatures colder than -15 degrees Celsius
(2-4);
2. Inorganic soil particles (mainly clays), which also serve as ice nucleators mostly at temperatures colder than
-15 degrees Celsius (5); and
3. Biological particles, which serve as ice nucleators temperatures as warm as, or warmer than, -5 degrees
Celsius. (6-10)

Most Active Ice Nucleators are Biological!
The most active ice nucleators are biological in origin, declare Christner, et al. in their paper recently published in
Science (February 29, 2008). (11) “This is important because the formation of ice in clouds is required for snow
and most rainfall. Dust and soot particles can serve as ice nuclei, but biological ice nuclei are capable of
catalyzing freezing at much warmer temperatures”, the researchers explain. (14) In other words, a mechanism

exists whereby snowflakes and other precipitation can form when cloud temperatures in the troposphere are
relatively warm. What do Christner, et al., mean by “biological”?
By “biological” Christner, et al., mean “proteins or protenaceous compounds”. (11-13) How and where does one
measure the existence of these proteins or protenaceous compounds? Christner, et al. collected snow from 19
fresh snowfalls at mid- and high-latitude locations from October 2005 to June 2006 around the world, including
Antarctica and other locations that were devoid of deciduous plants. This approach, they say, increases the
probability that biological ice nucleators came from relatively long distances and maintained their ice-nucleating
activity in the troposphere. (11)
How did Christner, et al. prove that the ice nucleators in their fresh snow collections from around the world were of
biologic origin? Reasoning that ice nucleators of biological origin would be inactivated by heat, whereas ice
nucleators of clay or other minerals would not, Christner, et al., heat-treated the snow. They found that “heat
treatment inactivated 69% to 100% of the ice nucleators at temperatures greater than or equal to -7 degrees
Celsius and less than or equal to -4 degrees Celsius”. (11) They then postulated “that lysozyme would decrease
the ice-nucleation activity if bacteria were involved and found that 0 85% of the ice nucleators were susceptible to
lysozyme” and were therefore bacteria. (11) Based on their assumption that bacteria contain DNA, they estimated
that about 0.4% of the cells in mid-latitude snowfalls were ice-nucleating active at temperatures between -7 and -4
degrees Celsius. Among the naturally present ice nucleators in the fresh snow, over 100 of these particles per liter
are of biological origin. (10). Christner, et al., concluded, “biological ice nucleators active at warm temperatures are
abundant in fresh snow samples and are ubiquitous in precipitation from worldwide locations”. (11)

How Do Bacteria and other Biological Entities Reach the Troposphere to Serve as
Ice Nucleators?
Three schools of thought exist on the origin of biological ice-nucleators in the troposphere. The first school,
exemplified by researcher David Sands, theorizes that biological ice nucleators originate on Earth as part of what
he calls the “bio-precipitation cycle”, i.e., biological ice nucleators are carried up from the Earth. (12) “Bacteria
form little groups on the surface of plants. Wind then sweeps the bacteria into the atmosphere, and ice crystals
form around them. Water clumps on to the crystals, making them bigger and bigger. The ice crystals turn into rain
and fall to the ground. When precipitation occurs, then, the bacteria have the opportunity to make it back down to
the ground. If even one bacterium lands on a plant, it can multiply and form groups, thus causing the cycle to
repeat to itself.” Sands adds, “We think if (the bacteria) couldn’t cause ice to form, they couldn’t get back down to
the ground. As long as it rains, the bacteria grow”. (13)
Schnell and Vali also belong to the first school of thought. In the early and mid-1970s, they noted,
“Much of the natural ice nuclei found at the earth’s surface may be of biogenic origin, and the abundance of these
nuclei was found to have a clear correlation with climate. Some tentative values were also given for the efflux of
nuclei from the surface to the air.Data were presented which point to regional variations in the concentrations of
atmospheric ice nuclei with the pattern of variation paralleling the availability of nuclei at the surface. The
correlation between these two patterns suggests that perhaps a dominant fraction of natural atmospheric ice
nuclei originates from biological materials”. (1)
The second school of thought exemplified by Sir Fred Hoyle and Chandra Wickramasinghe is that biological icenucleator bacteria and other biologic entities in the troposphere and stratosphere come from space.
Wickramasinghe notes, “Interstellar dust grains populate the vast open spaces between stars of the Milky Way,
showing up as a cosmic fog, dense enough in many directions to blot out the light of distant stars. Remarkably
these dust grains can be shown to be of a size that would be typical for a bacterium, a micrometer, or less”. (14) In
addition, he notes, “cometary organic molecules arrive [to Earth] plentifully, at an average rate of several tones per
day” and that investigators have confirmed the existence of microorganisms in the stratosphere. (15) The bacteria,
viruses and other organisms reach the troposphere from the stratosphere through a process of sedimentation, he
conjectures.
The third school of thought relating to the microbiology of the atmosphere suggests the existence of at least two

contemporaneous populations of organisms. One population consists of common Earth bacteria, viruses, and
fungi that are carried on a relatively regular basis by phenomena such as blue lightning and fire-associated storms
into the atmosphere. The second population consists of bacteria that are of non-terrestrial origin (from space). (15)

Some Implications of Biometeorology
The role of microorganisms in meteorological phenomena and in atmospheric processes has implications for
human and veterinary medicine, agriculture, and the effect of the biosphere on climate change. (16) For example,
in human, animal, and plant medicine, bacteria, viruses, and fungi in the bioprecipitation cycle may be pathogens
that use the cycle to disperse from one place to another. Interestingly, Sir James Murray, MD, published on
November 24, 1847, his observations on the potato murrain (fungus) that caused the potato crop failure in Ireland
in 1847. He attributed the potato crop failure to electrical agency and excess moisture in the air and clouds.
“During the last season,” he wrote, “the clouds were charged with excessive electricity, and yet there was little or
no thunder to draw off that excess form the atmosphere. In the damp and variable autumn this surcharge of
electrical matter was attracted by the moist, succulent, and pointed leaves of the potato”. (17)

Rainstorm in Ireland. Source: http://www.nightskyhunter.com/images/Storm%20Chase…; accessed March 11,
2008.
Hoyle and Wickramasinghe are ardent proponents of the theory that diseases that infect humans, animals, and
plants originate in space, including the SARS epidemic of 2002-2003. Some of their ideas follow below:
“The injection from space of evolved microorganisms that have well-attested terrestrial affinities raises the
possibility that pathogenic bacteria and viruses might also be introduced. The annals of medical history detail
many examples of plagues and pestilences that can be attributed to space incident microbes in this way. New
epidemic diseases have a record of abrupt entrances from time to time, and equally abrupt retreats. The patterns
of spread of these disease, as charted by historians, are often difficult to explain simply on the basis of endemic
infective agents. Historical epidemics such as the plague of Athens and the plague of Justinian come to mind.”
(18,19)
“In more recent times the influenza pandemic of 1917-1918 bears all the hallmarks of a space incident
component: ‘The influenza pandemic of 1918 occurred in three waves. The first appeared in the winter and spring
of 1917-1918 The lethal second wave involved almost the entire world over a very short time Its epidemiologic
behavior was most unusual. Although person-to-person spread occurred in local areas, the disease appeared on
the same day in widely separated parts of the world on the one hand, but, on the other, took days to weeks to

spread relatively short distances.”
“Also well documented is that, in the winter of 1918, the disease appeared suddenly in the frozen wastes of
Alaska, in villages that had been isolated for several months. Mathematical modeling of epidemics such as the
one described invariably involves the ad hoc introduction of many unproven hypotheses—for example, that of the
superspreader. In situations where proven infectivity is limited only to close contact, a superspreader is someone
who can, on occasion, simultaneously infect a large number of susceptible individuals, thus causing the sporadic
emergence of new clusters of disease. The recognition of a possible vertical input of external origin in
conspicuously missing in such explanations.” (18-22)
“With respect to the SARS outbreak, a prima facie case for a possible space incidence can already be made.
First, the virus is unexpectedly novel, and appeared without warning in mainland China. A small amount of the
culprit virus introduced into the stratosphere could make a first tentative fall out East of the great mountain range
of the Himalayas, where the stratosphere is thinnest, followed by sporadic deposits in neighbouring areas. If the
virus is only minimally infective, as it seems to be, the subsequent course of its global progress will depend on
stratospheric transport and mixing, leading to a fall out continuing seasonally over a few years. Although all
reasonable attempts to contain the infective spread of SARS should be continued, we should remain vigilant for
the appearance of new foci (unconnected with infective contacts or with China) almost anywhere on the planet.
New cases might continue to appear until the stratospheric supply of the causative agent becomes exhausted.”
(18)

Summary
A shift in paradigm is underway in relation to the rightful synthesis of the biological sciences including microbiology
with astronomy, meteorology, and physics, among others. The very old idea that one can “catch a cold” by going
out in damp cold weather increasingly has a scientific basis. The infective particles (e.g., bacteria, viruses, fungi)
that serve as biogenic ice nucleators in the troposphere literally cause themselves to be rained or snowed down
out of the clouds to Earth where humans, animals, and plants inhale them through their respiratory apparati and
subsequently become disease infected as the organisms feed on their tissues.
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