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PREFACE

The Weather Matrix and Human Behavior is a behavioral and
biological approach to the complex problem of classical biometeorol-
ogy. Significant emphasis is also placed upon control systems
theory, a concept compatible with behavioral principles. With these
techniques, problems and possibilities for the young environmental
scientist are developed.

The book is written especially for the undergraduate or graduate
student who appreciates the necessity of the "integrator scientist:"
the individual with fundamental comprehension of the basic principles
of physics, chemistry, geology, meteorology, physiology, psychology,
and statistics. This individual will be the key component of science
as overspecialization fragments knowledge into smaller and smaller
increments.

Although the integrator scientist cannot hope to memorize the
details of the specialist, a general understanding of these basic
principles and of the techniques by which they can be applied is by
far a more critical commodity. The accelerating availability of
computers and data files will soon allow the integrator scientist to
approach complex environmental and interdisciplinary problems
with prowess equal to that of the specialist.

The weather matrix, characterized by many meteorological,
geophysical, astronomical, and idiosyncratic factors, is an excellent
field for stimulus complexity. The human locus of behaviors, another
matrix of varying, intercorrelated events, is the important point
immersed within the weather matrix. Used wisely, the study of the
relationship between the weather matrix and human behavior can be
a central theme around which the principles of many sciences can
be integrated and understood.

I thank Angela Corradini, Patricia McMahon Lepage, Jackie
Beaudin Stanley, and Lynn Suess for their technical assistance during
the preparation of the manuscript. Special acknowledgement is given
to Claudette Larcher for her help and time. My gratitude to George
P. Zimmar and to Praeger Scientific for appreciating the potential
importance of human behavior and the weather matrix.
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1

SOURCES AND VARIATIONS
OF WEATHER STIMULI

Around the earth is a tenuous complex of suspended particles
and diffusing gases incessantly penetrated by a vast range of electro-
magnetic energies. The major gaseous components of this complex,
such as nitrogen (78 percent by volume) and oxygen (21 percent),
display stable concentrations while other components fluctuate
radically due to biological and geophysical reactions. Electro-
magnetic energies in the form of heat excite the gases and contribute
to their massive movements across the earth's surface, while other
forms, such as static electric fields, determine the vertical move-
ments of charged particles.

The human species is immersed in this complex. Each of us
is constantly engulfed by it. The components press against our skin,
invade our lungs, and may even pervade our bodies. A few changes
in the atmosphere are easily perceived. We readily observe the
clouds and feel the wind. Sometimes we respond to extremes in
temperature or humidity. Other changes are less easily perceived,
but they can evoke powerful alterations in individual and group be-
haviors.

Changes in this environmental complex have been given two
major descriptors: weather and climate. The two concepts differ
more in temporal properties and absolute magnitude than in basic
constituents. Weather can be described as atmospheric changes
over a few days, while climate involves months or even years.

Upon the powerful baseline of climate, weather appears as a short-
termed shallow ripple. The effects of weather upon humans are as
complex as its sources.
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include temperature, relative humidity, barometric pressure, wind
speed, air ions, electromagnetic waves, aerosols, and organic
materials. In addition, these factors can influence local geophysical
conditions to release soil gases, alter the local electric field, or
change the relative acidity of the air.

A central problem in biometeorology arises when researchers
attempt to isolate the physical or chemical variable most responsible
for reported biological or psychological effects. Many of these vari-
ables do not change in a simple or isolated manner, but display time
variations together. For example, the important triad of temperature,
relative humidity, and barometric pressure displays highly inter-
related changes. When one variable changes so do the other two.
Depending upon season and locality, the direction of the correlations
within the triad as well as with other environmental variables can
demonstrate very different patterns. Attempts to isolate the impor-
tant factor become precarious.

This complex of highly intercorrelated but time-varying clusters
of atmospheric events can be considered the weather matrix. The
term weather matrix is preferred since there are numerous candi-
dates within a given air mass capable of inducing or influencing
biobehavioral changes in human beings. Although one could demon-
strate specific correlations between a single stimulus and behavior,
such as the sudden increases in human aggression associated with
increases in relative humidity during summer seasons, many other
environmental factors are also changing.

Single correlational analyses are prone to a critical intrinsic
flaw. Even when two variables are highly correlated, there may
still be a third factor—unspecified or not included in the observations—
that is responsible for the apparent relationship between the other
two variables. This statement, although a useful adage for the young
scientist, is dangerous at the extremes. At the most conservative
end of interpretation, one might conclude that all correlations are
worthless. Within a more liberal form, one might fall into an un-
testable mysticism whereby the mysterious third factor is always
responsible.

Selection of a single factor from the weather matrix as "the
explanation' or ''the cause' of human behavior ignores the vast
complexity of the issue. Not only are factors in the weather matrix
intercorrelated in space; they are also correlated in time. For
example, disturbances in the earth's magnetic field frequently occur
from two to three days before unstable weather conditions. In turn,
significant changes in solar activity can occur from one to three
days before the geomagnetic disturbance. What would be the actual
control stimulus for any odd or weather-specific behavior associated
with these periods ? Would it be one of many variables changing on
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the day of the behavioral alterations ? Or would the actual stimulus
be some geophysical or solar factor that occurred hours or days
before the weather change ? Close temporal proximity between a
weather change and human behavior does not prove cause and effect.
Some biological responses may require days to be elicited.

The complexity and potential error of correlational analyses
and experimental manipulation of single elements of the weather
matrix become evident when a final factor, cluster effects, is con-
sidered. Biometeorologists still do not know how clusters of weather
stimuli changing at more or less the same time influence living sys-
tems. Do combinations of stimuli within the weather matrix cancel
each other's effects ? Or does each component of the weather matrix
slowly add its effect in an incremental manner to the total impact
upon the living system ? Taken singly, individual weather components
may display no discernible effects upon human beings. Considered
as a matrix, weather components could produce cumulative and
blatant alterations in the stability of human behavior.

A natural consequence of combining more than two environ-
mental factors is the formation of interactions, potential effects or
stimuli that occur only when two or more factors occur together.
Interactions are well known in fields such as pharmacology, where
they are called synergistic effects. One lethal example is the
presentation of chloroform to an animal injected with adrenalin.
Adrenalin by itself induces only increases in heart rate, while chloro~
form presented singly induces sleep. When the two drugs are pre-
sented in combination, the animal can suddenly die.

The numbers of interactions increase geometrically with the
number of variables involved. When only temperature and humidity
are considered, the only possible interaction is temperature by
humidity. However, normal environmental situations may involve
a multitude of components of the weather matrix changing at various
times. When changes in temperature, humidity, barometric pressure,
wind speed, and ionic concentration occur, the number of potential
interactions is 5 X 4 X 3 X 2X 1 or 120. The smaller interactions,
such as a barometric pressure by ion concentration interaction, are
relatively easy to duplicate in the laboratory and to test under con-
trolled conditions. The larger interactions, such as those that occur
only when all five factors are changing, become almost intractable.
However, theoretically at least, they may still evoke specific
behavioral-biological changes.

Other factors may contribute to or alter the weather matrix.
When they are immediate consequences of weather changes, such
as release of soil gases or the movement of pollen, they do not
complicate the analysis. However, factors with slower periods of
occurrence may be superimposed upon the weather matrix. For
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example, monthly or yearly changes in solar activity or the physical
consequences of lunar phase can add to the complex interactions so
that some bizarre or odd disturbance in human behavior occurs.
Without that last factor, in principle, the interaction would not be
complete and the behavior would not occur.

CANDIDATE STIMULI OF THE WEATHER MATRIX

The following environmental factors have been implied by
correlational analyses or have been demonstrated experimentally
to produce behavioral and biological changes similar to those asso-
ciated with weather in general. Most will be discussed in separate
chapters.

Temperature

Ambient temperature changes that influence the transfer of
heat energy between an organism and its external environment have
been popular explanations for most biometeorological effects.
Temperature changes have great simplistic and theoretical appeal
since the fundamental requirement for mammals to maintain internal
(core) temperatures at 37° Centigrade (°C) or about 98° Fahrenheit
(°F) is well known.

Relatively sudden and lasting changes in ambient temperature
alter the rate at which heat is lost or gained across the body surface.
The consequent change in heat concentration in the body boundaries,
such as the skin, stimulates receptors that in turn send information
directly to appropriate control centers in the brain, especially the
hypothalamus. This portion of the brain not only responds reflexively
to sudden changes in heat or cold but also stimulates other portions
of the body.

Stable decreases in external temperature evoke gradual con-
striction of the blood vessels in the skin. This reduces the total
surface area of blood exposed to the decreasing temperature and
helps reduce heat loss. Construction of blood vessels can also be
accompanied by increased adrenalin output from the adrenal glands
above the kidneys and by alterations in the body electrolytes. The
net consequence of the peripheral response in the skin not only
influences heat loss, but also modulates general motor activity,
such as ambulation, and urinary output.

The hypothalamus is the key brain structure to integrate
emotional expression (but not experience). A vast array of autonomic
or vegetative behaviors, such as aggression, sexual activity, respira-
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tion, heart rate, eating, water consumption, fluid balance, and
internal temperature balance are controlled by this structure.
Excessive changes in temperature of the body boundary could in-
directly affect these behaviors as well. The human being would not
necessarily be aware of these weather-related sources of behavior.
More likely, the behaviors would be explained in the context of a
more immediate and obvious stimulus such as a social event.

If functionally adjacent portions of the hypothalamus, such as
the amygdala or septum, were stimulated, the weather effect would
not be a "'tip of the tongue' experience. Instead, the diffuse, non-
specifiable experiences would acquire a twilight of ""meaningfulness."
The person may actually report feelings of irritability, mood altera-
tion, or difficulties in concentration.

Indeed, parts of the brain that respond to temperature are
also involved with most of the behavioral patterns known to be corre-
lated with weather. Experimental stimulation of the human hypo-
thalamus, amygdala, and septum with electrodes can induce euphoria,
depression with suicidal impulses, aggression, sexual activity,
agitation, lethargy, and difficulties in concentration. However,
these portions of the brain also appear to respond to a variety of
psychological and social situations as well as to other stimuli of
the weather matrix. Many of these stimuli are coupled intimately
with temperature changes.

Temperature change is a likely source of weather-related
behaviors when human systems are directly exposed to its conse-
quences. However, there are reports of similar behaviors from
individuals who presumably live in temperature controlled conditions.
Some other component of the weather matrix may have evoked their
behaviors.

Humidity

Humidity is a measure of the moisture or water vapor in the
air. The most common measure is relative humidity, measured in
percent units. Relative humidity reflects the percent of the total
capacity of water vapor a given parcel of air can maintain before
condensation begins to occur. For example, a relative humidity
of 50 percent indicates that the air contains only half of the total
water vapor that it can maintain before saturation and condensation.

Since the mixture of water vapor with other atmospheric con-
stituents follows the same chemical principles as other gas inter-
actions, the amount of water vapor that can be contained within a
parcel of air is dependent upon temperature. Warmer air can
contain more water vapor than colder air, similar to the potential
for a warm glass of water to dissolve more salt than a cold one.
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A parcel of air at 5°C with 90 percent humidity would contain less
total water vapor than one at 35°C with 90 percent relative humidity.

Numerous everyday examples demonstrate the effects of tem-
perature upon the amount of water vapor within air. When the
surrounding air is around 30°C and the relative humidity is high,
such as 80 percent or more, colder objects appear to collect water
droplets. Essentially, the air around these objects is cooled beneath
its potential to hold the amount of water vapor, and water condenses
upon the object. Similar processes occur when warm, humid air is
cooled locally due to the absence of a heat source, such as during
the night. Below a critical temperature, the water vapor can no
longer be maintained within the air mass, and it condenses as dew
or frost upon surrounding objects.

The relative water vapor in the air mass has great biometeor~
ological potential since the temperature and concentration of water
vapor influence the heat loss from the organism's body surface.
Around biologically optimal heat exchange temperatures, between
60°F and 80°F, low humidity (10 percent) facilitates the evaporation
of water from the external (skin) and internal (lungs) body boundaries
exposed to it. Consequently, the nose, throat, lungs, and skin be-
come drier. Since the body is already around 80 percent water by
concentration, moderate humidities at these temperatures have less
severe consequences.

- Above 90°F (32°C), high humidity (above 80 percent) progres-
sively interferes with the body's heat exchange with the surrounding
air. Blood vessels in the skin must dilate more to release heat
produced by the normal consequences of biochemical activity. Even
mundane activities, such as walking, climbing stairs, or prolonged
standing, that require comparatively small amounts of biochemical
activity can result in copious perspiration. During excessive vaso-
dilation, blood pressure drops and the person may experience dizzi-
ness or black spots in the visual field.

Sudden influxes of cool and very bumid air significantly accel~
erate the rate at which heat is lost from the skin and lungs. The
increased water content of the cold air acts like a heat sink. Heat
energy from the body is absorbed by the cold water vapor, resulting
in relatively quicker drops in peripheral body temperature. Even
when the hypothalamic centers compensate for these losses, the
humid, cool air continues to quickly absorb biologically generated
heat energy.

Barometric Pressure

Barometric pressure is an indicator of the force per unit area exerted
upon the living organism, usually adjusted to sea level, by the over-
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lying atmosphere. Barometric pressure has been measured by

many units including millimeters (mm) of mercury, millibars (mb),
and kiloPascals (kPa). On maps, areas of equal barometric pressure
are joined together by lines called isobars. When drawn appro-
priately, isobars give a pictorial concept of air masses.

Barometric pressure is a function of the number of air mole-
cules within a unit volume of air. Since the number of molecules
within a given volume of space is dependent upon the amount of heat
energy (thermal agitation), it should not be surprising that barometric
pressure and temperature are interrelated. Air molecules within
cold air masses have less thermal energy and require less space in
which to move. Consequently, more molecules occur within a given
volume of space, and the net barometric pressure is higher.

Within a warm air mass, molecules have relatively greater
thermal energy. The greater vigorous movements of the air mole-
cules increase the distance between the molecules, resulting in
fewer molecules per unit volume. Consequently, warmer air is
associated with lower barometric pressures. This assumes no
adjacent boundary exists.

Changes in barometric pressure have been correlated with
several biometeorological phenomena, ranging from heart attacks
to arthritic complaints. The popularity of barometric pressure as
the explanatory variable of weather-related behaviors is especially
evident among amateurs. However, the physiological mechanisms
by which barometric pressure influences human behavior are very
unclear. Often, unfortunately, this situation facilitates the genera-
tion of nonsense disguised as scientific theory.

Wind

Wind velocity, as measured in miles per hour or kilometers
per hour (km/h), can be an indirect measure of the relative speed
of energy exchange between adjacent air masses. Wind direction,
on the other hand, can be used to isolate the relative compass direc~
tion of the low pressure region generating the wind. For example,
with the wind at your back, the center of the surrounding low pressure
system is to the left (in the northern hemisphere).

Wind speed has organismic relevance since it enhances the
effects of temperature and humidity. Most people in the northern
temperate zone are familiar with the chill index, which combines
temperature, humidity, and wind speed into the chilling capacity of
a parcel of air. Temperature and humidity conditions that would
otherwise evoke a slightly unpleasant effect can induce severe frost-
bite when the wind factor is added. Wind velocities also influence
the diffusion of outside air through the walls of dwellings, thus
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increasing the rate at which the biological system within is exposed
to weather changes.

The presence of wind in the weather matrix contributes to other
potential stimuli. Wind facilitates the movement of electrically
charged ions, microscopic particles, pollen, and bacteria. Whereas
normal diffusion of these materials in the air would be relatively
slow, wind increases the concentration of particles to which an
organism is exposed. At moderate to severe wind velocities, the
effects of both audible and nonaudible (infrasound and ultrasound)
sound components, become potential biological stimuli as well.
Special winds, such as the Foehn in Bavaria or the Minstrel in
France, are traditional explanations for human aggression and ill-
ness.

Ions

Atmospheric ions are portions of molecules or conglomera-
tions of particles that have acquired a net positive or negative
electric charge. According to convention, positive ions have insuffi-
cient numbers of electrons, while negative ions have too many
electrons. This absence of charge neutrality gives ions significant
reaction potentials. There is a constant tendency to reduce the
charge disparity—to become neutralized—by borrowing other elec-
trons, in the case of a positive ion, or by losing excess electrons,
in the case of a negative ion. The source for these exchanges can
exist within biological tissue as well as within atmospheric constitu-
ents.

Since ions are charged, they are influenced strongly by the
direction and intensity of surrounding electric fields. The direction
of an ion's movement within three-dimensional space is a function
of its charge and the direction of the local field. The velocity of
an ion's movement through space is a function of its size, charge,
and the intensity of the electric field. Small ions, such as ozone
(03'), move at about one centimeter per second (cm/sec) in an
electric field of 1.0 volt per centimeter (V/cm), while larger ions,
called Aitken nuclei or Langevin ions, move only about 0.0001
cm/sec in the same intensity field.

Because of their excess charge, a basic unit of chemical re-
actions, atmospheric ions have the potential to influence normal
biological activity. The intensity of the effect would no doubt reflect
their concentration as well as their access to key biochemical path-
ways. Although atmospheric ions could certainly affect the skin
surface, a theoretically more potent mode of interaction would be
through the nostrils and lungs. Appropriate ion concentrations taken
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into the lungs could easily be dissolved into body fluids. The lungs,
which are essentially an internal body surface exposed to external
stimuli, contain a vast surface area of absorbent tissues, numerous
blood vessels, and reactive cells.

The concentration of ions has been correlated with many of
the behaviors associated with barometric pressure. Positive ions
have been implicated as the culprits responsible for undesirable
human conditions, such as aggression, suicides, homicides, and
infections. Negative ions have been considered in a more benevolent
light as a source of improved concentration and feelings of well-
being. In fact, there have been occasional fads to breathe air passed
through negative ion generators in order to improve behavior. As
shall be seen, this simplistic dichotomy of good and bad as a function
of charge can be erroneous.

Electric Fields

Electric potentials, usually measured in volts per meter (V/m)
or volts per centimeter (V/cm), are generated when a disparity of
charge exists across space. If more electric charge exists on one
side of a boundary, a potential difference exists across the boundary.
If the boundary were removed, the charge distribution would become
homogeneous, for all practical purposes across that space, and the
potential difference or voltage would drop to zero.

A similar situation exists on a global level. Significant elec~
tric potentials occur between the earth's surface and the upper
atmosphere, which contains relatively high concentrations of ionized
particles. Since air is a comparatively poor conductor, the disparity
of charge and hence the voltage between the earth's surface and the
upper atmosphere is maintained. If air were a good conductor, like
copper, the potential difference would not exist since the charged
particles would have flow access to the ground. However, the air
is not a perfect dielectric (a medium that separates charge) either,
and there is some leakage of charge toward the ground, called the
earth current.

During clear weather conditions, the typical potential gradient
between the earth's surface and some vertical distance is about
130 + 20 V/m (that is, daily range is from 110 to 150 V/m). This
means that between the surface and a distance of one meter high, a
potential difference of 120 volts exists; between the surface and a
distance two meters high, a difference of 240 volts exists, and so
forth. Since this difference is not concentrated into a small area,
like household outlets, and because of the low current flow (small
amperage), normal intensities contain very limited biopotent potential.
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The potential gradient can change. Any process that alters
the relative ion concentration in, or the distance of the upper atmos-
phere above, the surface will influence the potential gradient. Con-~
sequently, clear weather electric gradients change as a function of
time of day, season (distance from the sun), and solar disturbances.
A much greater change in the local potential gradient occurs during
brief, localized weather disturbances. Thunderstorms can generate
potentials of more than 10,000 V/m. If the air is sufficiently dry,
the voltage may discharge from the tips of leaves or other sharp
objects (coronal discharges). Other weather conditions, such as
falling snow or fog, can generate potential gradients greater than
1,000 V/m.

Changes in the electric field strength beneath various air
masses are known to influence insect behavior and even to alter the
clotting capacity of some fluids, including blood. The mechanisms
by which these reactions take place and their relevance to human
behavior are not clear. Theoretical possibilities will be discussed
later.

Electromagnetic Fields

In nature, electromagnetic (EM) waves can display an unbeliev-
ably vast range of known frequencies. X rays, ultraviolet waves,
light, infrared (heat), microwaves, radio waves, and Schumann
waves are well known examples of specific EM frequencies or wave-
lengths. Thunderstorms are frequently associated with EM waves
in the very low frequency (VLF) range, that is waves between one
kiloHertz (1 kHz or 1,000 cycles/second) to several hundred kHz.

On the radio, these waves are registered as static.

Moving, unstable weather systems, such as low pressure air
masses and especially frontal regions, are associated with VLF or
higher frequency waves emitted as ELF (extremely low frequency)
pulses. The ELF range usually involves EM waves, fields, or
pulses between about 1 and 100 hertz (Hz). ELF pulses and waves
around 4 Hz appear to predominate in some localities during cloudy
conditions, while higher frequency fields predominate during clear
weather.

ELF waves and fields have received only recent attention as
biologically relevant stimuli. ELF fields generated in the environ-
ment are similar in amplitude (intensity), shape, and characteristics
to those generated by the human brain. Theoretically at least, this
similarity allows for possible interaction between humans and weather
systems. In addition, ELF fields have a 99 percent capacity to
penetrate most surface dwellings. Since ELF fields and pulses can
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be generated hundreds of kilometers away from the unstable weather
sources, these stimuli have the potential to evoke organismic changes
long before the typical alterations in temperature, humidity, and
pressure occur.

INDIRECT CONSEQUENCES OF THE
WEATHER MATRIX

As a frontal area or air mass passes over terrestrial space,
a variety of indirect environmental agents can be released or emitted.
Although always present in the environment, changes in weather
facilitate their rates of accumulation or production. These stimuli
can also contribute to the total impact of the weather matrix upon
biological systems.

Soil Gases

The soil, or approximately the upper one to two meters of
surface, behaves like a gigantic vat of chemical reactions. Decaying
organic matter, minerals, and various fluids, primarily water,
react in a myriad of combinations to release various products.

Some of these products are gases, such as hydrogen sulfide (H3S),
carbon dioxide, methane (CH4), and phosphine (PHg3), to name a
few. Under static conditions, escape rates into the air above the
ground are constant.

Sudden decreases in barometric pressure, especially when
accompanied by very warm air, increase the rate at which the gases
are released into the air. At sufficient concentrations, these gases,
which are always present in some small concentrations, become
apparent to the living system. The unpleasant olfactory consequences
of hydrogen sulfide, often called sewer gas, have direct effects. At
higher concentrations, HgS can be toxic. Methane gas is frequently
released around swampy areas; when combined with phosphine, the
will-o'-the-wisp is formed.

Organic Materials

Sudden increases in wind speed associated with air mass
approaches can release greater amounts of pollen spores or micro-
organisms from source areas. The potential pool of total organics
is dependent upon season. The same weather matrix in one season
may not be associated with certain behaviors during another. This
problem makes simple correlational analyses inappropriate.
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Sudden increases in pollens or spores in the air trigger allergic
reactions including skin irritation, asthma, sneezing, and sinus
congestion. Since allergic reactions often involve systemic (whole
body) changes in immunological reactions, the person may report
feelings of tiredness and flulike or coldlike symptoms. These, in
turn, can be exacerbated by other aspects of the weather matrix.

Man-made Pollutants

The effects of the weather matrix upon the relative concentra-
tion of man-made pollutants are evident in heavily industrialized
countries. The combustion of fossil fuels emits sulphur dioxide,
while light (especially ultraviolet) acting upon petroleum products
creates ozone and several metal-organic pollutants. Although
ineffective at normal concentrations, their toxicity can be enhanced
by the weather matrix.

Smog conditions are frequent occurrences in many industrial-
ized cities, such as London, Los Angeles, and New York. Inver-
sions, whereby the position of warm air is maintained by overlying
cold air, are highly correlated with severe smog. Cities that have
been built in relative depressions, such as valleys or basin regions,
are quite prone to inversions.

Geophysical Effects

The indirect consequences of moving air masses upon potential
biologically relevant geophysical stimuli are still theoretical. Low
pressure air masses exert less weight upon large areas of terrestrial
surface than do high pressure air masses. Since the upper crust of
the earth is partitioned into blocks or local plates, variable pressures
from overlying air masses can shift their relative positions very
slightly. The consequent adjustments along the boundaries of the
plate, which may be hundreds or thousands of kilometers in width
and length, are associated with microseisms—small earthquakes.
They display major frequencies between 0.1 Hz and 10.0 Hz, but
have very, very low amplitudes.

Certain species of sea life appear to respond to the micro-
vibrations preceding the passage of low pressure air masses.
Whether human beings can detect or respond to these weak mechanical
vibrations has not been demonstrated clearly. Human beings are
composed of matter, and consequently have intrinsic mechanical
vibrations. Usually these vibrations are invisible to the naked eye
and occur between about 1 Hz and 20 Hz. The potential resonance
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interaction has been used as the theoretical basis for microvibration
detection.

ASTROGEOPHYSICAL CORRELATES OF
THE WEATHER MATRIX

To be thorough, each major environmental factor consistently
correlated with specific weather conditions must be considered to
have at least a partial role in the total organismic response to the
weather matrix. Perhaps these roles are so small that they are
irrelevant. However, that conclusion must carefully be evaluated.
A number of environmental factors have been consistently correlated
with unstable weather conditions.

Geomagnetic Storms

In the last decade, global data collection has allowed correla-
tional analyses never before possible. From these data, a new
pattern has emerged indicating unsuspected interrelationships within
world weather. Global geomagnetic storms, influenced primarily
by the sun's activity but to some extent by lunar orbit, appear to be
persistently associated with increases in unstable weather masses
three to five days later. Since human beings may respond to geo-
magnetic disturbances, as some crude correlational studies indicate,
this factor may elicit responses—delayed in time—that would be
erroneously attributed to other weather-related stimuli.

Lunar Phase

The existence of a small but persistent relationship between
lunar phase and aggressive behaviors, birth incidence, and psy-
chiatric admission rates is not disputed by knowledgeable scientists.
The major argument concerns the mechanism by which these correla-
tions occur. Are they due to purely psychological factors of expect-
ancy, to specific weather coupled to lunar phase, or to unspecified,
direct lunar-geophysical stimuli? Most cultures contain a rich lore
of alleged lunar-related behaviors—from madness to uncontrollable
sexual urges. People raised within these cultures would have been
conditioned to respond with the behaviors of the myths. In addition,
periods of full moon have been noted by geophysicists to coincide
with increased vigor of thunderstorm activity, altered geomagnetic
disturbance, and influxes of ions from the upper atmosphere. Each
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disruption would have catastrophic consequences. The world would
be a hallucinatory jumble of experiences.

Even low-level, direct interference with the brain's language
would show statistical effects. Although small changes would pro-
duce only occasional or very small alterations in experience—perhaps
not even detectable in the individual—their occurrence would become
obvious when a population was evaluated. At this level, weather
changes would be associated with statistical increases in misinter-
pretations of ordinary stimuli, such as perceiving a car as a truck,
or frank hallucinations.

There is no clear evidence to indicate such profound effects of
weather upon human beings. However, the nervous system does
contribute an important component to the total weather effect:
memory. The CNS, although not directly affected by weather per
se, can be conditioned by repeated pairings of initially ineffective
sensory input with stimuli that induce changes in biobehavior. This
capacity for conditioning or learning and memory is often a major
source of misleading evidence of biometeorological mechanisms.

The most essential component of conditioning is space/time
contiguity: the pairing of stimuli. For weather-related effects, the
experimental procedure would involve some form of classical or
respondent conditioning. In this situation, some unconditioned
stimulus (UCS) elicits an unconditioned response (UCR). The capa-
bility for the UCS to evoke this change is usually genetically based:
it has not been learned.

When a neutral stimulus that does not elicit the UCR is pre-
sented in space-time with the UCS, conditioning can occur. By
merely presenting the neutral stimulus and the UCS together several
times, the neutral stimulus soon develops the capacity to elicit a
response very similar to the UCR. When this happens, the neutral
stimulus is called a conditioned stimulus (CS), while the response
elicited is called a conditioned response (CR).

Classical or respondent conditioning does not require active
participation by the organism; in fact, the organism can be quite
passive or restrained. For example, if seeing the clock "with the
big hand on the 12 and the little hand on the 5" is frequently followed
by eating dinner, just looking at the clock can initiate hunger pangs
or anticipation of food. Yet, by itself, without the conditioning,

5 o'clock may not evoke any particular effect. Many forms of inci-
dental learning, from anticipating a sequence of songs on a tape deck
to misinterpreting a prediction about a friend's behavior as so-called
ESP or telepathy, are frequently a consequence of this form of con-
ditioning. Contrary to popular beliefs, the human being does not
have to be aware of the situation in order to be conditioned.



CONCEPTUAL SITES OF ACTION / 21

In a biometeorological context, passive learning or classical
conditioning is a very important source of causal misinterpretation.
For example, there may be nothing depressing about the color gray
or low barometric pressures. But when paired accidently or due
to some constant correlation with another stimulus that induces
depressive and bloated feelings, these two stimuli are able to evoke
depressive and bloated feelings as well. A scientist not familiar
with the learning history of a person or with the phenomena of con-
ditioning in general might erroneously conclude that gray, low
pressure days cause depression.

The Hypothalamus: Emotional Integrator

The hypothalamus, although part of the CNS, deserves special
attention in biometeorology. There is nothing anatomically conspicu-
ous about this lower middle portion of the brain. Except for its
close proximity to the third ventricle and to the pituitary, one would
not expect such far-reaching functional implications.

However, although we see nothing remarkable about this struc-
ture with the naked eye, it is an important site of meteorotropic
interaction. The hypothalamus is packed with axons from different
chemical systems throughout the brain. It is primarily involved
with the same types of behaviors frequently correlated with weather
changes. For example, the hypothalamus appears to integrate the
behaviors of eating, drinking, sexual activity, aggression, body
temperature, and even general activity. It may also alter disease
susceptibility.

Hypothalamic inputs appear to originate all over the body and
brain. A primary source of input comes from the autonomic nervous
system, described in the next section, which is in close contact with
body cells. The hypothalamus is in a unique position to influence
both internal and external responses. Its connections to one part of
the pituitary, the neurohypophysis, controls the release of the anti-
diuretic hormone vasopressin, involved with fluid retention and water
balance, and oxytocin, involved with contraction of the uterus, espe-
cially during birth, and milk ejection during lactation. Connections
with the other portion of the pituitary through releasing factors allow
the hypothalamus to influence the thyroid, adrenal glands, sex glands
or gonads, and general cell metabolism.

External responses have been demonstrated in nonhuman ani-
mals, most frequently by electrically stimulating some part of the
hypothalamus. Full-blown rage, fear, fighting, and sexual behavior
have been displayed. In human subjects, stimulations of the hypo-
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thalamic regions produce similar gross behavioral alterations. If

the stimulation, due for example to a tumor or chemical disturbance,
is too excessive, functionally connected portions of the hypothalamus—
such as the amygdala, hippocampus, septum, anterior thalamus,
cingulate gyrus, and frontal orbital cortexes—are excited, and the
person may report experiences of mood or emotional alteration.

The details of the experience will be couched within the individual
episodes of each person's experience.

There is an abundance of experimental evidence to support a
major hypothalamic role in weather responses. Its general archi-
tectural position allows access to massive incoming sensory input
since it is below the thalamus, the major sensory-motor integrating
region before awareness occurs in the cerebral cortex. Its micro-
architecture shows regions where small blood vessels, such as
capillaries, are highly concentrated. The paraventricular nuclei
and supraoptic nuclei of the hypothalamus control the release of
oxytocin and vasopressin, respectively, and are among the most
densely capillarized portions of the human brain. Such high density
capillarization allows enhanced interaction between functional neuronal
surfaces and extremely small alterations in blood constituents.

The sensitivity of the hypothalamus to minute physical and
chemical changes in the blood is extraordinary. Early experiments
indicated that changes in central blood temperature of only 0.01°C
evoke detectable (0. 25 milliliters per second) alterations in cutaneous
(skin) blood flow. Cooling of the anterior hypothalamus through
direct experimental means is associated with peripheral vasoconstric-
tion and changes in blood flow within one to five seconds; warming
the same region evokes opposite effects within a similar period.
These vascular responses can be stimulated by direct neuronal
connections or indirectly through the release of the vasomotor com-
pounds: adrenalin and noradrenalin from the adrenal glands.

Since the hypothalamic nuclei are like clusters of set points
that compare various physical/chemical inputs to some present level
determined by experience or genetics, direct damage to them can
produce exaggerated behaviors. Damage to the anterior nuclei,
where the set point for 37°C body temperature is maintained, may
result in the human being actually freezing to death in a normal room
temperature. Damage to the nuclei concerned with glucose (blood
sugar) levels may result in constant nibbling so that the person never
seems to get enough food and becomes obese or is persistently hungry.
Examples could be given of many other behaviors controlled by the
set points of the many hypothalamic nuclei.

Direct stimulation of critical hypothalamic areas produces
clear and blatant behaviors that override the thin veneer of psycho-
social constraints. Consequently, even considering ELF sonic and
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electromagnetic stimuli, it is unlikely that the weather matrix
directly stimulates the hypothalamus. This brain region does, how-
ever, have a central role in the integration of autonomic activity,
changes in blood characteristics, skeletal muscle changes related
to emotions, and relationships with the body boundaries. The hypo-
thalamus forms a nexus among parts of the brain correlated with
awareness. As with all integrators of complex function, very, very
small changes in its operation could produce transient but potent
changes in behavior.

The Autonomic Nervous System

The autonomic nervous system comprises the neurons and
their axons and dendrites outside the brain and spinal cord that
innervate the internal organs, the blood vessels, and the body
boundaries. Functionally, this system has been associated with the
initial emotional reactions or ''gut reactions'. This system is more
difficult than the central nervous system to study anatomically since
most of the neurons are clustered in various-sized areas (plexi)
that are dispersed throughout the viscera. These clusters of neurons
are very complex perceptually, often making ''no sense,' and may
vary in number between individuals.

Autonomic neurons induce and detect changes within their
target organs of the viscera. Organ-specific alterations in blood
flow, activity, and probably select chemical reactions are coded
into neuronal language and then relayed primarily to the hypothalamus
through portions of the brain stem. At this level, reflexive altera-
tions occur to adjust the particular organ to some set point, much
like a thermostat responds to changes in room temperature by in-
creasing or decreasing heat output in order to maintain a set tempera~
ture. When the stimulation becomes too intense, the person may
become aware that something is wrong. However before becoming
aware, an entire continuum of changes can influence human behavior.

The autonomic nervous system is composed of two integrated
but antagonistic nerve fields, designated as orthosympathetic (or
just sympathetic) and parasympathetic. Each nerve field has charac-
teristic general patterns of distribution to the target organs and a
characteristic chemical transmitter between its axons and the target
organ. The transmitter in the sympathetic nervous system is nor-
adrenalin, the immediate precursor to adrenalin, while in the para-
sympathetic nervous system the transmitter is acetylcholine. Effects
mediated by each of these systems are called adrenergic or cho-
linergic, respectively.
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In general, sympathetic activity is associated with arousal
and activity of the whole organism (the classic alarm state), while
parasympathetic activity is associated with relaxation and passive
conditions. Each system's affect upon a target organ is mutually
antagonistic. For example, stimulation of sympathetic fibers dis-
tributed to the heart produces increased heart rate, while stimula-
tion of parasympathetic fibers to the heart decreases heart rate.
However, inhibition of normal parasympathetic activity to the heart
can also increase heart rate.

Most central visceral organs receive fibers from both para-
and orthosympathetic systems. The particular consequence of
stimulation from either of these systems is related to the particular
function of the organ itself. Thus stimulation of sympathetic fibers
innervating an organ that evokes activity produces activation, while
sympathetic stimulation of an organ that normally inhibits initiates
inhibition. Some of the organs innervated by the autonomic nervous
system are dilator/constrictor muscles of the eye, lacrimal (crying)
glands, the salivary glands (parotid, sublingual, and submaxillary),
the heart, lungs, liver, pancreas, spleen, stomach, small intestine,
colon, kidney, bladder, genitals, and a multitude of blood vessels.
All are stimulated directly or indirectly when general sympathetic
or parasympathetic activity occurs.

When general sympathetic arousal occurs, the following changes
are typically evident: dilation of pupils; construction of capillaries
and arterioles in skin and abdomen (depending on the receptor), but
dilation of these vessels in the heart and skeletal muscles; relaxation
(dilation) of bronchi in the lungs; increased heart rate, blood pres-
sure, and stroke volume; increased oxygen consumption, but de-
creased oxygen use; elevations of blood glucose, calcium, and acidity
levels; faster clotting time of blood; and increased frequencies of
cerebral cortical electrical activity.

Orthosympathetic arousal induces both general and situation-
dependent behaviors. The person becomes more active and talkative
and may feel strong, full of pep, and sometimes even euphoric.
Subjectively, the person may display more egocentric behaviors,
such as enhanced self-appreciation or self-confidence. Individual
learning can contribute to the type of psychological and behavioral
responses. If general sympathetic arousal has been associated with
aggression, the person may feel more aggressive during these periods.

Interestingly, elevated concentrations of adrenalin in the blood—
a natural consequence of sympathetic stimulation—do not appear to
determine specific emotions. Rather, emotional tones are influenced
by the cognitive or psychological aspects of the situation. Human
subjects injected with adrenalin and placed in situations in which
people are laughing report experiences of frivolity and humor. Human
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subjects injected with the same amounts of adrenalin and placed with
people crying demonstrate enhanced experiences of sadness, depres-
sion, and related tones. Apparently, an otherwise ineffective psycho-
social environment can profoundly influence emotional experience
once adrenalin is injected or the sympathetic nervous system is
mildly activated.

When general parasympathetic activity dominates, the follow-
ing occur: contraction of pupils; decrease in blood pressure and
heart rate; decrease in oxygen consumption, but increase in its use;
constriction of muscles in the bronchi; increased secretions from
various glands, such as insulin release from the pancreas and gastric
secretion from the stomach lining; decreases in blood glucose, but
increases in blood potassium content and blood alkalinity; decreased
electroencephalographic (EEG) frequencies; and feelings of tiredness,
sluggishness, or general malaise.

Most people show an autonomic balance such that neither sys-
tem predominately influences a given organ continually. During the
day, the average person is sympathetic dominant and consequently
displays low level general sympathetic activation. Consequently,
heart rate is faster, general activity, both muscular and mental,
is greater, body temperature is higher, and the bronchi are more
dilated.

During the night, however, the average person becomes para-
sympathetic dominant. Body temperature is lowered, bronchi are
more constricted, gastric and lacrimal secretions are enhanced,
and blood pressure is lower. Complications that would be minimal
during daily sympathetic dominance become more evident if present.
Bulging sensations and pain from ulcers of the stomach lining become
more intensified, breathing can become more asthmatic, and cold
sweats (from excessive dilation of peripheral blood vessels and
lowered body temperature) become more apparent.

The day/night dichotomy between sympathetic and parasympa-
thetic dominance averages over hours. There are several periods
in a normal day during which the other system dominates for a while.
People get sleepy—parasympathetically dominant—after eating a big
meal. After any kind of vigorous sympathetic activity, such as a
fight, argument, or sex, a person may feel tired, depressed, or
guilty, depending upon a variety of learned factors. These switch-
over periods during which one system dominates have important
ramifications for biometeorology.

Preliminary information indicates that the ortho- and para-
sympathetic nervous systems do not respond with similar vigor to
warm and cold air masses. Skin tests using color changes following
chemical application as the primary measure indicate that the auto-
nomic nervous system is more active during the passage of weather
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fronts. Response latency to cold fronts is less than to warm fronts.
Parasympathetic activity becomes noticeable from five to six hours
before the passage of a cold front, while sympathetic activity becomes
more apparent from three to five hours after the passage. This
increased stimulation may continue for as long as from 16 to 30

hours after the passage. While both warm and cold fronts influence
the sympathetic system, warm fronts appear statistically to influence
the parasympathetic nervous system more vigorously.

The Cardiovascular System

The cardiovascular system includes the heart, arteries, veins,
and a myriad of capillaries that innervate the body. Throughout the
maze of variously sized tubes of vascular tissue, multipotent blood
is delivered to the cells of the body. Some of the tubes can change
shape quickly since they are surrounded by smooth muscle, while
others remain more or less the same diameter. Visually, the
cardiovascular system is seen as a mass of tubes originating from
the heart and proceeding along the limbs or into the viscera. From
the larger vessels, smaller tributaries emerge from which emerge
even smaller vessels.

This pattern of smaller and finer diameter vessels emerging
from larger sources continues until one passes beyond the field of
normal vision into the microscopic dimension. At this level, tissue
is seen to be permeated with a rich nexus of capillaries, arterioles,
and venules. Since all cells derive oxygen and nutrients from the
blood, tissue appears packed with these components. Some tissues,
such as the brain, thyroid, and adrenal gland, have immense volumes
of blood vessels compared with their sizes. These tissues are ex-~
tremely sensitive to minute changes in blood constituents.

The normal tone of the vascular system is maintained by both
nervous stimulation from the autonomic nervous system and by the
secretion of adrenalin and noradrenalin from the adrenal medulla.
Although weather stimuli, especially temperature changes or net
temperature alterations enhanced by wind chill factors, could alter
heat loss from the blood at the body boundaries, the primary effect
would still be mediated through the autonomic nervous system and
hypothalamus. Unless weather stimuli have some special effect upon
the fabric of blood vessels, any effects would be indirect.

The Blood

Even though the blood is the kinetic component of the cardio-
vascular system and contains a multitude of different chemicals, it
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is still contained within a definite locus characterized by high gradi-
ents. Blood contains leukocytes (white blood cells), triglycerides
(fats), cholesterol, electrolytes (such as sodium, potassium, phos-
phorous, and calcium), albumin, globulins (related to immune
reactions), cell nutrients, and a variety of special proteins called
enzymes. Erythrocytes or red blood cells, the most abundant cell
type (about 25 trillion in the human body), transport oxygen and gases
between the lungs and tissues.

The blood is the major carrier of specific nonneural information
to the various organs all over the body. This important substance
is the major pathway by which the endocrine glands are functionally
connected to higher integrating organs. For example, the pituitary
releases very small amounts of hormones—small peptides that are
chains of amino acids—that are carried by the blood to particular
organs. Specific hormones from the pituitary are known to induce
specific effects in the thyroid, adrenal glands, gonads, and probably
the skin.

Although the blood volume does not move at the speeds of
neuronal activity, it is not a sluggish system. Chemicals injected
into the blood from one organ can reach all other organs innervated
by rich blood supply within a matter of seconds. Since the whole of
the blood in the body passes through the lungs every 30 seconds,
substances taken into the lungs, such as pollutants, aerosols, ions,
or cold air, could be introduced into the blood stream and to all of
its connections very rapidly. The critical features are the substances'
solubility and relative concentration.

Direct effects of weather upon the blood have been argued for
centuries. Metaphoric descriptions, such as blood becoming thicker
before thunderstorms and attributing energy during spring ("'spring
fever'), sexual activity, or suicidal displays to ""something in the
blood,'" are traditional.

Direct effects of weather upon blood, with the exception of
changes due to heat loss, would be very difficult to demonstrate.

As should be evident, blood chemistry changes are mediated by
direct nervous stimulation as well as by organ activity. The number
of factors that influence, for example, the formation and destruction
of red blood corpuscles are interrelated. Finding the cause is much
like trying to find the beginning of a circle.

The Bones

The bones and cartilages are rigid types of connective tissue.
Bones are composed of cells and an intracellular field made up of
organic and inorganic materials. The primary organic material is
collagen and an amorphous protein-sugar material.
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The inorganic components of bones are responsible for their
rigidity and may constitute up to 60 percent of the dry weight of the
skeletal system, depending upon dietary conditions. The inorganic
materials are primarily calcium phosphate and calcium carbonate
with smaller amounts of magnesium, hydroxides, fluorides, and
sulfates. The exact composition can vary with age.

Bones compose the mechanical support for the human locus.
They are also a reference for the attachment of muscles for which
they act as levers. The central portion of bones contains a soft
tissue generally described as marrow. Marrow is the chief blood-
forming organ of the adult body. It is considered the single source
of red blood cells and granular leukocytes in the adult.

Since bones contain well-developed matrixes of blood and
nerves, both direct and indirect stimuli to the bones can alter blood
calcium levels and red or white blood cell numbers. Interestingly,
the organization of collagen fibers and inorganic crystal structures
in bone produces piezoelectric characteristics. Consequently,
mechanical distortions or pressures can generate electric phenomena.
Whether subtle contractions of large muscle masses, due to cold
temperatures or mechanical vibration, could influence bone functions
in this manner has been suggested but not demonstrated.

Particular Organs

Final candidates of the high gradient systems of meteorotropic
interaction are the organs including the skeletal muscle mass. Sen-
sitivity of one particular organ to weather would necessitate some
special physical chemical property of the organ, such as extremes
in cell density, cell division, cell heterogeneity, degree of connective
tissue innervation, relative concentration of homogeneous materials
(such as colloids), and relative concentration of a chemical with a
meteorotropic responsiveness.

Since most visceral organs are protected by the body boundary
and homeostatic thermal/water balance mechansims, stimuli of the
weather matrix must influence organs indirectly. The major excep-
tion would be any stimulus that can penetrate the body, totally alter
the characteristics of the blood, or induce changes in relative fluid
dynamics. There are few such stimuli.

LOW GRADIENT SYSTEMS

Low gradient systems through which weather changes might
influence the human organism are more difficult to comprehend and
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to measure. Since the basic elements of these systems are invisible
to the naked eye, they must be measured indirectly through sophisti-
cated instrumentation. The constituents of these systems are com-
plex to most people since physical and chemical concepts rather
than common sense activities are involved. Observation of what
appears to be a homogeneous mass of '"'something' throughout the
body volume can be disconcerting.

Comprehension of mechanisms by which diffuse changes per-
vade the body volume becomes imminently complex. For example,
how would the statistical alteration of the shape of a molecular species
spread throughout the body produce specific changes in behavior ?
Are these changes effective because the minute changes are integrated
over the entire volume by a central nexus, such as the autonomic
or vascular system ? Are these changes effective because different
organs of the body contain disproportionately more of the critical
molecular species such that when it is influenced the particular organ
is influenced more as well ?

The latter possibility implies an interesting conception of the
human volume. Essentially, the organs of the body would have
special concentration and boundary conditions within which ordinary,
elementary constituents of the body volume amass. Incremental
changes within these constituents, undetectable at the gross level,
would be statistically enhanced in areas of high density. From this
perspective, the human system is not a biological organism com-
posed of specific colored organs with different functions, but instead
a mobile volume containing probabilistic distributions of special
mass.

The Water Molecule

Assuming a simplistic and homogeneous source of weather-
related changes, the first logical candidate must be water. The
human volume is composed of from about 70 percent to 80 percent
water by weight. Some theorists have argued that small changes in
the water molecule's physical shape would alter major enzymatic
reactions. Since so many chemical reactions are immersed within
a water environment, the changes would be mediated in a chainlike
reaction across the various levels of organization: chemical, cellular,
organ, and behavioral.

Descriptions and, more importantly, empirical support of
the mechanism by which such alterations could occur are less rigor-
ous than supposed. Most theorists implicate the infamous 105°
bond angle between the two hydrogen atoms attached to the oxygen
atom. The means by which this is accomplished usually involves
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some electromagnetic stimuli. Often the reader leaves such theories
with the impression that the mechanism question has been substituted
by a semimystical ""vague causes vague'' argument.

Like the other diffuse gradient candidates, small changes in
bond angle could be argued semantically—that is, with words, not
with data or equations—to support weather-related mechanisms.

If these small changes resulted in a type of general disequilibrium,
the major mood would be "quietly uncomfortable," ""mild agitation,"
or perhaps app<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>