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Abstract. Our environment includes many natural and artificial agents affecting any person on the Earth in one way or other.
This work is focused on two of them – weather and space weather, which are permanently effective. Their cumulative effect is
proved by means of the modeling. It is shown that combination of geomagnetic and solar indices and weather strength
parameter (which includes six main meteorological parameters) correlates with health state significantly better (up to R=0.7),
than separate environmental parameters do. The typical shape of any health characteristics’ time-series during human body
reaction to any negative impact represents a curve, well-known in medicine as a General Adaptation Syndrome curve by Hans
Selye. We demonstrate this on the base of blood pressure time-series and acupunctural experiment data, averaged by group. The
first stage of adaptive stress-reaction (resistance to stress) is sometimes observed 1-2 days before geomagnetic storm onset. The
effect of “outstripping reaction to magnetic storm”, named Tchizhevsky- Velkhover effect, had been known for many years, but
its explanation was obtained recently due to the consideration of the near-Earth space plasma processes. It was shown that lowfrequency variations of the solar wind density on a background of the density growth can stimulate the development of the
geomagnetic filed (GMF) variations of the wide frequency range. These variations seem to have “bioeffective frequencies”,
resonant with own frequencies of body organs and systems. The mechanism of human body reaction is supposed to be a
parametrical resonance in low-frequency range (which is determined by the resonance in large-scale organs and systems) and a
simple forced resonance in GHz-range of variations (the resonance of micro-objects in the organism such as DNA, cell
membranes, blood ions etc.) Given examples of mass-reaction of the objects to ULF-range GMF variations during quiet space
weather time prove this hypothesis.
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Introduction
Meteorological weather and space weather are two
interrelated factors, permanently influencing human being
[1, 2]. Both sharp changes in meteorological parameters
and space weather are associated with increased
morbidity level over the world [3, 4]. Investigators report
sensitivity of practically all human health characteristics to
weather and space weather parameters’ changes. In
spite of this, their impacts are usually considered
separately. We will demonstrate below that the human
reaction simulation gives the better result in the case of
combined consideration of meteo- and space weather
parameters.
Explanations of the nature of human reaction to
meteo-weather changes look simpler than attempts to
find key influencing parameters of space weather.
Obviously, human reaction to thermal and cold waves,
changes of humidity and so on is based on the adaptation
of our organism to external changes. It is a normal process,
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but sometimes it exceeds the adaptation limits of our
organisms. It will be shown that human body response to
space weather changes is caused by the same
adaptation mechanism.
We would like to attract here the reader’s attention to
the fact that human organism’s scope to express its state is
restricted, so a lot of different stress-factors give the same
output - our nervous system, brain and hormones react in
the same way to any stress. So the time-variation of any
health characteristic is expected to be identical for the
organism’s response to any influencing environmental
agent. Space weather changes impact is not an exclusion
from this rule. The question just is: which space weather
parameter does influence us?
Currently, an overwhelming majority of researchers,
who investigate solar-biospheric relationships, agree with
the electromagnetic nature of the effect of the Sun on
biosphere. The magnetic field of the Earth penetrates in a
human body freely, and the geomagnetic field (GMF)
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changes can change some body’s characteristics,
because the organism is a conductive medium and a lot
of processes in our organism are based on electricity.
It is proved at very good correlative level (since works
by A.L. Tchizhevsky in the beginning of 20th century) that
global and long-period (up to several years) changes in
space weather and the geomagnetic field (GMF) cause
global changes in biosphere (like increase/decrease of
number of wars, conflicts, revolutions, human morbidity,
intellectual and physiological activity of people and so on)
[5-7].
The
correlation
level
between
space
weather/geomagnetic
parameters
and
long-term
medical or social statistics data is about 0.5÷0.8.
Meanwhile, short term space weather influence on
people is not so obvious, and linear correlation level
between bio-medical parameters and indices of
geomagnetic activity is usually no more than ~ 0.3÷0.4 [89]. The problem particularly can be explained by the
complexity of studied objects, impossibility to separate out
the dominant factor from a number of others, absence of
repeatability, insufficiency of statistics (data) and many
other difficulties of basically technical character. However
the greatest difficulties and observed artifacts are coming
from the use of the statistical analysis which is inapplicable
for systems with floating (varying) time of the response (it is
typical for all biological systems). The response of biosystem to external influence can vary in time and be
nonlinear.
In this paper a superposed epoch method is shown to
be much more appropriate for solving of the abovementioned problems; its usage gives the possibility to make
an effect clear both for meteo-weather and space
weather impacts on people’s health.
The next point is the seeking of possible influencing
mechanism. The most often considered explanations of
the observed phenomenon of human reaction to space
weather changes are as follows:
1. triggering effect of sharp changes in the GMF during
geomagnetic storms on a human organism;
2. resonant influence of the GMF variations (including
storm-time pulsations, changes of the parameters of
the Alfven and Schumann ionosphere resonances);
3. reaction to some environmental changes, driven by
space weather changes (like meteo-parameters
changes, radon emission, electrical filed changes
etc.);
At the end of this paper we will give some proves of the
resonant theory, developed by Khabarova in 2002, and
demonstrate the most possible sources of the bioeffective
GMF variations, influencing people not only during
geomagnetic storms, but in a quiet space weather period
as well.

Influence of weather and space weather on
people
Short-time changes of the normal functioning of
biological objects can be associated with short-period
variations of space weather and geomagnetic field (with

characteristic times of days and hours), which produce an
increase in the number of cardiac and infectious diseases,
traffic and industrial accidents, heart attacks and sudden
cardiac deaths, cellular changes, etc. [10-12].
Here we essentially consider their impacts on blood
pressure. The consequent daily measurements of blood
pressure were performed by S.Dimitrova during the autumn
2001 and spring 2002 (92 days on the whole) for 86
volunteers in Sofia (42°41N, 23 °19E). Analogical time-series
were obtained from experiment by M.Ragulskaya in
Moscow, IZMIRAN (55°45N, 37°34E) for 2000-2002, 19
volunteers were chosen here as a constant group of
subjects (see: http://helios.izmiran.rssi.ru/helioecology/
index.html).
Let us remind that systolic blood pressure represents the
maximum force exerted by the heart against the blood
vessels during the heart's pumping phase. Diastolic
pressure is the resting pressure during the heart's relaxation
phase. Chronic hypertension is defined as a systolic blood
pressure of 140 millimeters of mercury (mm Hg) or higher
and the diastolic blood pressure of 90 mm Hg or higher.
Meanwhile, blood pressure can vary from day to day for
practically health persons as a result of human organism
adaptation to some external and internal changes.
It was found that lower, diastolic pressure is a cardiovascular system’s parameter most sensitive to external
parameters’ changes [13]. Systolic blood pressure, on the
contrary, depends on peculiarities of an object’s age,
gender and chronic diseases. For our investigation we will
consider time-series of daily diastolic pressure values,
averaged by all the group of subjects. It is interesting to
examine – whether this averaged parameter represents
changes in health status of people in the whole? In spite of
differences in people’s reaction, if the effect really exists,
we will see statistically significant changes of the averaged
diastolic pressure on the days of the environmental
conditions’ changes.
Let’s start with a classical analysis, based on separate
weather and space weather bio-effects consideration.

Weather impact
The question about features of weather influence on
people health has been debated for many years. On the
one hand, modern people are not so directly influenced
by external factors as in the past, but on another hand,
there are many evidences of extreme weather events
correlation with growth of people death-rate and
morbidity [14]. Global climate change plays an important
role and can directly affect human health through
changes of environment and increase the risk of some
infectious diseases [4].
Some success in understanding of extreme weather
events’ consequences is already observed, but features
and consequences of non-extreme influence of
environmental changes on people are still poorinvestigated. Reaction of human organism on weather
changes is nonlinear and detected with difficulty, because
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of number of meteorological parameters, composing the
“weather” concept.

Fig.2. Fragment of the diastolic blood pressure time-series (blue
curve) in comparison with S – Weather strength parameter
(black curve). 3-days moving average. Diastolic blood
pressure is calculated as a mean value per day for the
whole group of volunteers in Moscow.

Fig.1. Demonstration of nonlinear dependences between the
diastolic arterial blood pressure Pdiast, daily temperature
and relative humidity. Diastolic blood pressure is calculated
as a mean value per day for the whole the group of
volunteers in Sofia and Moscow. Yellow color marks the area
of the optimal organism’s functioning.

Fig.1 demonstrates the nonlinear tie between two weather
parameters and diastolic blood pressure of people in Sofia
and Moscow. The relationships between the parameters
strongly depend on local climate. As a result of
adaptation, a combination of two weather parameters
forms the area of the optimal functioning of the organism.
These areas vary with latitude and are different for
Moscow and Sofia.
In spite of these differences, it was shown on the base
of the experiments in different cities [13] and [15] that it is
possible to simulate a weather parameter, the best
correlating with various heath characteristics (including
blood pressure).
In [13] the Weather Strength Parameter S was revealed
as follows:
S=
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(2 + 100 ⋅ Temperature) ⋅ (1 + 10 ⋅ Wind speed ) ⋅ (10 ⋅ Cloudiness + Humidity)
Pr essure2 ⋅ Visibility

(1)

S includes 6 main meteorological parameters. It allows to
linearize a relationship between weather parameters and
human health characteristics and to reach the visible
correspondence between bio-medical data and weather
changes. Correlation between diastolic blood pressure
and S is negative (see Fig.2).
Usually, weather gliding modulates the blood pressure,
but sometimes its changes are too high and produce a
negative reaction of human organisms. Fig.3 shows the
role of sharp weather changes for humans. We used here
a method of superposed epoch (compositing analysis),
which is often applied to time series in heliobiology and
medicine for the analysis of conditions accompanying
repeated events. The main concept of the superposed
epoch analysis method is that data averaging purifies the
useful signal and suppresses the noise. A picture in the
absence of the effect usually looks like a stochastic curve
(or even as a straight line), which does not fall outside the
limits of 95% confidence interval. On the contrary,
statistically significant results are obtained when the
extreme points with their standard deviations are beyond
the 95% confidence interval, plotted on each side of the
mean value line.
Fig.3 gives us possibility to conclude that people are
sensitive to weather changes in different places on the
globe. If the daily increase (or decrease) of S exceeded
value of ±3 for Moscow (60 events), we could observe the
diastolic blood pressure increase. The group of examined
people in Sofia demonstrates more expressed response to
Weather strength parameter’s changes than the group in
Moscow. It was enough to detect the S change by ±2 (31
events) for the observation of significant people’s reaction
in Sofia. So, people’s health depends on sharp weather
changes in different latitudes in different degree.
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Fig.3. Superposed epoch analysis results for Sofia (a) and
Moscow (b). Zero-day is a day when daily decrease or
increase of S was |difS|≥3 in Moscow and |difS|≥2 in
Sofia. The diastolic blood pressure increases over the
zero-day.

Space weather impact
As it was mentioned above, the correlation coefficients
between geomagnetic activity indices and human health
characteristics usually do not exceed 0.3 for rather long
time-series. The correlation coefficient is so low, as the
negatively influencing conditions in the geomagnetic field
are observed quite rarely in comparison with the
conditions usual for human organism, so, the geomagnetic
activity is usually a weak modulating external factor for
human health, similar to meteo-weather.
At the same time there is a detectable reaction of
people to sharp changes of the variable part of the
geomagnetic field. Previous results have shown that the

Fig.4. Superposed epoch analysis results for the averaged
diastolic blood pressure of volunteers group in Sofia (a) in
comparison with Dst-index of geomagnetic activity (b).
Zero-day is a day of geomagnetic storm onset. The
diastolic blood pressure increases on the zero-day and
even before that.

arterial blood pressure increases with the increase of
geomagnetic activity during the days prior and after the
geomagnetic storms’ onset simultaneously with the cosmic
rays Forbush decrease [8, 16, 17]. The average increment
of systolic and diastolic blood pressure of the examined
volunteers group reached 9%. This effect was observed
irrespectively of gender. Obtained results show that
hypertensive persons have the highest sensitivity and the
hypotensive persons have the lowest sensitivity of the
arterial blood pressure to increase of geomagnetic
activity.
Group-reaction to sharp changes of geomagnetic
activity is shown in Fig.4. The picture 4a is a result of a
superposed epoch analysis of the diastolic pressure over
the days related to a day of geomagnetic storm onset
both for 2001 and 2002 parts of the blood pressure
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measurements in Sofia (11 storms). Storms observed too
closely to the previous storms (with time span no more than
3 days) were not taken into account. Fig.4b demonstrates
the behavior of Dst-index of geomagnetic activity; it is a
typical Dst-index time-series shape for storm-time. Brightly
expressed reaction of people is seen from 1 day before
geomagnetic storm onset to 3 days after zero-day.
The same type of people’s reaction to geomagnetic
storms has already been reported also for measurements
of electrical characteristics of acupunctural points [18-20]
as well as for blood pressure measurements [8, 16, 17].
The “quasi-outstripping reaction” of people to the
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comparison with 0.3 for the other indices of geomagnetic
activity).

Fig.6. Comparison of diastolic blood pressure (black curve) with
the result of simulation (2). Correlation coefficient = 0.7
Simulated parameter includes weather strength, solar and
geomagnetic parameters.

Fig.5. Comparison of the diastolic blood pressure (black curve)
with the ULF-index of geomagnetic wave activity (white
curve) - Sofia. ULF-index high values represent the
increasing of geomagnetic pulsations amplitude in 2-7mHz
frequency range.

geomagnetic storm, observed one (or even two) days
before geomagnetic storms is a well-known phenomenon,
discovered by Tchizhevsky and Velkhover in their
experiment with corinobacteria [21] and confirmed many
times by later investigations ( see, for example [8, 22, 23].
Obviously, it is not a response to the geomagnetic storm
itself, but to some factor preceding sharp changes in the
GMF. The possible nature of the effect was firstly
considered by O.Khabarova in [22] and will be discussed
below.
One of the approaches to the study of the space
weather possible influence on human health is the
comparison of health parameters not only with standard
indices of geomagnetic and solar activity, but also with
geomagnetic pulsations (or pulsation indices). Table of the
pulsations’ types and their possible relation to human
health
can
be
found
at:
http://hypertextbook.com/facts/2001/ElizabethWong.shtml
as a part of the electronic “Physics Factbook”.
Seeking for possible bio-effective factors led us to
revealing of ULF-wave index as the parameter, the most
correlating with blood pressure series (up to 0.6 in
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ULF-wave index gives the possibility to estimate the
power of the geomagnetic fluctuations in ULF-range (2-10
mHz). The parameters such as Kp, Dst, AE, SYMH, PC, IMF,
etc. quantify the laminar energy supply in the solar windmagnetosphere-ionosphere system. The ULF wave index
characterizes the turbulent character of the energy
transfer from the solar wind into the magnetosphere and
the short-scale variability of near-Earth electromagnetic
processes.
The ground ULF wave index is a proxy of global ULF
activity. It is constructed using 1-min data from all
available magnetic stations in Northern hemisphere: hourly
band-integrated (2-10mHz) spectral power of two
horizontal components. Database of hourly ULF indices is
available
on
the
Augsburg
College’s
site:
ftp://space.augsburg.edu/maccs/ULF_index.
See
additional information about this index in [24, 25].
Comparison of the fragment of consequent blood
pressure measurements with ULF-index time-series is given
in Fig.5. The correlation coefficient between two rows is 0.5.

Combined impacts
It is known that combination of different negative
factors can result in failure of adaptation and, as a
consequence, to be a cause of heritable and chronic
diseases, especially for children [26]. This is so-called
cumulative effect of the negative impacts.

O.V.Khabarova, S.Dimitrova. On the Nature of People’s Reaction to Space Weather …

In this section we show that taking into account of
cumulative effect can be used for successful calculation
(and possible prognosis) of human organism’s reaction to
external exposure.
We have found some adjusting parameter, which
includes most of reasonable external parameters.
In addition to ULF-index, the Kp-index of geomagnetic
activity, Sunspot number, and S were examined. Simulation
gives the best results, when adjusting parameter WGS
(weather, geomagnetic, and solar) is as follows:

WGS = 76 +

organism). From this point of view, there is no difference
which factor affects the people – sharp meteo-weather
changes or space weather changes, the medical devices
register the same picture for any detectable health status
characteristic. The corresponding picture of so-called the
General Adaptation Syndrome is given in Fig.8. The
nonspecific stress-response consists of three stages: Alarm
Reaction, Resistance, and Exhaustion.

Kp + ULF ⋅ Wolf / 3
7+S
,

(2)
where Kp is the geomagnetic Kp index; ULF is the
geomagnetic ULF wave index, S – the weather strength
parameter. All the parameters included in WGS have
approximately the same weight. A result of simulation for
the whole period of measurements is given in Fig.6.

Fig.8. The typical reaction of the human organism to any lasting
stress-factor, according to the General Adaptation Syndrome
theory by Hans Selye.

Fig.7. Correlation coefficients between blood pressure and
parameters, used for the modeling (for the entire period of
measurements in Sofia). Combination of the parameters (an
adjusting mixed parameter) gives the highest correlation
coefficient, especially for the diastolic blood pressure.

Fig.7 provides information on correlation coefficient
levels (for the entire blood pressure database) between
systolic and diastolic pressure and separate parameters,
included in WGS mixed parameter.
It is easy to see that simulated mixed WGS is the
parameter giving the best correlation with blood pressure;
other parameters give lower correlation coefficients.

General adaptation syndrome – the common way
for the human organism’s reaction to
environmental changes
More than half of a century ago Hans Selye wrote a
book, which gave a new direction to medical
conceptions’ development on people’s reaction to
negative external factors [27]. He showed that the human
organism’s response to any permanent stressors is always
the same (this means nonspecific reaction of the

During the Alarm, the body’s physiological system
dropped below optimal functioning. The Resistance to
stress stage is characterized by peak-capacity work of the
physiological compensatory systems at the levels above
homeostatic. After the organism’s energy depletion, the
Exhaustion stage starts. This stage is the most dangerous for
the organism, as it can not ever resist to environmental
stressors. The body becomes susceptible to any diseases.
All the complaints of the patients and ambulance calls
usually correspond to this stage.
It is important to remark that the General Adaptation
Syndrome in Fig.8 is a normal process of adaptation to
environmental changes, it is necessary for our good health
like gymnastics. Usually our body does not “inform” us
about the above mentioned changes. But sometimes the
stress-response can lead to negative consequences,
especially for people with some chronic diseases or for
aged people. The body’s reaction in the Exhaustion stage
can be compared in this case with the results of persisting
attempts by aged or very ill person to dance fouetté or be
engaged in a contest with distance runners.
McEwen [28] described different types of the General
Adaptation Syndrome such as a normal (with high peak
during the resistance stage), prolonged (with a plateau
instead a drop during the Exhaustion stage) and an
inadequate response with a long, smoothed top of the
stress-reaction curve during the resistance stage, when the
physiological response is either very weak or absent.
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stress, but all the people react identically during the
resistance phase (there is no difference in age, type of
disease and so on).
Moscow people demonstrate a response of
cardiovascular system to weather changes, very similar
with an inadequate one. This could be a result of the
differences in volunteers’ age or be a marker of Moscow
people’s lesser sensitivity to meteo-weather in comparison
with people in Sofia. The response of Moscow people to
space weather changes is normal (see [18, 19]).
The discussed results are very significant, as we could
expect smoothing of the effect due to averaging by group
of subjects. If we see these statistically proved changes of
averaged blood pressure, hence, on one hand, the
response of people (as a whole) to geomagnetic storms
and sharp weather changes is confirmed again. On
another hand, the human body reaction to both these
factors is just an expression of the General Adaptation
Syndrome, so there is no necessity to think about each
case of detectable response of subjects as about
something exceptional.

Geomagnetic field variations as an important bioeffective factor of space weather
The idea about possible bio-effective influence of the
electromagnetic field (EMF) variations (both natural and
artificial origin) has been very popular in Russia since
pioneer works by Presman [30], Kholodov [31] and
Deviatkov [32, 33]. A lot of useful references are given in
the review [34].
It was found out that the exposure of living organisms
(including bacteria, animals and humans) to EMF of some
frequencies produces sharp reaction of the objects. There
are two main diapasons of such bio-effective frequencies:
the low-frequency 10-3÷102 Hz and high-frequency one (>
100 kHz).
Fig.9. Sofia volunteers’ response to three consequent stressfactors: geomagnetic storm (grey filled area) and an
increase of GMF variations in ULF range (no storm time).
ULFground is an index, describing intensity of ULF
variations of the GMF over the globe. ULFN is an index of
solar wind density variations in ULF diapason at the Earth
orbit. N is the solar wind density.

See also the paper [29], where peculiarities of
cardiovascular system’s reaction to stress are discussed.
If we look at Figs. 3 and 4 again, we will see the proofs
of the Hans Selye’s theory. The most adequate people’s
reaction both to weather and space weather changes
was observed in Sofia (Figs. 3a and 4). All the stages of the
General Adaptive Syndrome, including alarm, are
represented there clearly. It is remarkable that standard
deviations are high 2-4 days before zero-day and 3-4 days
after (especially in Fig.4). At the same time they are very
low from one day before to two days after stress-factor (in
Fig.4, it is the geomagnetic storm’s onset). This means that
all the difference in organisms’ state becomes apparent
both before alarm phase and during exhaustion phase of
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GMF variations in ultra low-frequency diapason
Geomagnetic field variations have a wide spectrum.
The experimentally found bio-influencing frequency
diapason of the GMF is ultra low-frequency ULF (1 mHz÷100
Hz). Ptitsyna and others shown in 1998 that ULF
environmental magnetic field of low-intensity affects the
human nervous system; heart attacks are also associated
with influence of magnetic field ULF variations [35].
Otsuka in 2001 considered the pulsations of wide period
range and concluded that the tie of low-frequency
pulsations with the heart variability can be observed only
during the season when sunshine alternates with darkness
(this finding suggests an influence through the alternation
of light and darkness) [36].
Recent investigations [37, 38] show that geomagnetic
micropulsations Pc1 (0.2-5s) can be also bioeffective for
cardiovascular system and modulate the number of
myocardial infarctions and sudden death, especially
during winter (this result is well-correlated with the result by
Otsuka et al.).

O.V.Khabarova, S.Dimitrova. On the Nature of People’s Reaction to Space Weather …

Summarizing the cited results (and many others), we
can conclude that people’s reaction to geomagnetic
storms could be explained by appearance or
disappearance of GMF variations of some bio-effective
frequencies during storm-time. But what about the
anticipatory response to geomagnetic storms (the
Tchizhevsky-Velkhover effect)?

Fig.10. Like Fig.9: diastolic blood pressure time-series are
given for 19 volunteers in Moscow.

The Tchizhevsky-Velkhover effect of human body
“outstripping” reaction to geomagnetic storms is one of
the interesting results of the continued experiments on the
human health state measurements. Fig.4 demonstrates
that the effect really exists. Khabarova in 2000 found that
all the cases of mass stress-reaction of volunteers in
Moscow were observed under condition of the disturbed
GMF [39]. It has not been the geomagnetic storm yet, but

its precursors –irregular geomagnetic field variations in low
or ultra low frequency range. One of the sources of the
revealed ULF-variations in the GMF is a high-density stream
– magnetospheric interaction. High increase in solar wind
density, accompanied by its variations in the wide
diapason of periods, is often observed 1-2 days before
geomagnetic storm onset. The density variations
sometimes can excite the GMF oscillations with close
periods. The requisite condition of the density variations’
transfer to the magnetosphere is south-directed
interplanetary magnetic field – IMF (when the IMF Bzvertical component is negative).
Later, the revealed precursors were taken as a basis of
the middle-term prognosis of geomagnetic storms (see:
[40] and [41]). It was the rare case when biomedical
investigations bring a new result to solar-terrestrial physics.
In this paper we consider not only pre-storm human
stress-response, but also some cases of adaptive syndrome
realizations under formally quiet GMF conditions. There
were some events of sharp changes of group diastolic
pressure without any visible reasons - we could observe
nothing particular either in meteo-weather or in space
weather. One interesting example is given in Fig.9. This is a
comparison of the group-averaged diastolic blood
pressure (Sofia) time-series with changes in the
geomagnetic field and in the near-Earth space. Fig.9, the
upper panel, demonstrates peoples’ consequent reaction
to unknown environmental changes (13-14 April 2002), to
geomagnetic storm (which started on 17 April 2002, see
Dst-index panel) and, finally, to unknown environmental
impact again (27-28 April 2002). The panels under Dst show
that the solar wind density increase N in a combination
with growth of the amplitude of ULF-variations in the solar
wind density ULFN and the GMF (ULFground) could be a
source of the observed sharp diastolic blood pressure
increase.
Fig.10 shows the same type of behavior of the diastolic
blood pressure for Moscow volunteers (the typical General
Adaptation syndrome curve was observed on 1-5 June
1999) under condition of the same parameters growth.
Fig.11 represents a stress-reaction observed in the
diastolic blood pressure and in Health status behavior on
19-20 January 2000. The Health status is an averaged by
group parameter, which characterizes the current
condition of 11 body’s systems and organs of volunteers. It
is calculated through the electrical resistance parameters
of the 22 acupunctural points (see description and
preliminary data on the IZMIRAN Helioecological
experiment
web-page:
http://helios.izmiran.rssi.ru/
helioecology/index.html).
Results of detailed investigation of key time period in
Figs. 10 and 11, when the solar wind density oscillations
stimulated GMF variations, are given in Figs. 12 and 13
respectively. Wavelet analysis technique, proposed in [40],
allows subtracting the background level of variations
(shown as grey color) and revealing an input of highamplitude variations (the color scale is on the top of the
each panel). After application of the technique, the
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Fig.12. Wavelet analysis results for the days of human stressresponse in Figure 10. Background variations are marked
with grey. Color table of the Wavelet amplitudes’
intensity is given on the top of each panel. Highamplitude variations in the solar wind density (upper
panel) produce variations in E-component of the GMF
with close periods (2-50 minutes). White boxes mark the
time intervals when the transition occurred.
Fig.11. Like Fig.9: the diastolic blood pressure changes are
accompanied by a stress-response seen in Health status as
well. The Health status is a group-averaged health
characteristic of 11 main body’s systems and organs,
calculated for the acupunctural measurements (IZMIRAN
experiment, Moscow).

wavelet-pictures of the solar wind density N (upper panels
in Figs. 12 and 13) still look rich both in variations of long
periods (> 50 minutes) and short periods (from 2 minutes to
50 minutes). At the same time the horizontal GMF
component variations (lower panels in Figs. 12 and 13) with
the periods less than 50 are rarely observed. In Figs. 12 and
13 we see the transition process of the solar wind density
variations to the GMF (shown with white boxes). This
process is not obvious and simple. As it was found
previously, this happens mainly under condition of the
negative Bz (vertical) component of the interplanetary
magnetic field.
Therefore, we conclude here that the acute bioobjects response can be expected during the
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observations of similar conditions in the near-Earth space
and in the GMF. Such conditions usually occur during (or 12 days before) the magnetic storms, 1-2 days around the
days of sector boundaries crossing and during the periods
of low-speed solar wind streams coming to the Earth (as
the low-speed solar wind is more turbulent than the fast
one).
Response of living organisms: due to parametrical
resonance or forced resonance
Now the question arises: why these variations produce
such a sharp response of the human organism? As we
have mentioned, there are two main ranges of bioeffective EMF frequencies (up to 100 Hz and from GHz).
Their influence can be both positive and negative. The bioeffective frequencies have been found experimentally.
There are own frequencies of any alive body frequencies of body’s systems or organs’ functioning and
frequencies of body’s emission. The frequencies of the
body reaction usually are from the same diapason, as its
own frequencies, but there is no full correspondence of
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forced resonance, the system reacts directly at its own
frequency).
We can estimate the own frequency of any organ or
system as
νown =V/L,
(4)
where V is a typical speed in the system and L is a typical
size. So, in combination with (3), we can calculate the
most possible biologically influencing frequencies of the
environment as
ν =2V/nL.
(5)

Fig.13. Like Fig.12, but for the time interval, corresponding to
Fig.11.

bio-effective frequencies with own ones (especially in lowfrequency range). In spite of this investigators usually
suppose the compelled (forced) resonance to be a
source of the organism’s response to external parameter
changes.
Khabarova in 2002 collected some previous results in
this area and demonstrated that the compelled (forced)
resonance works just for tiny parts of the body (like DNA,
cells, membranes or blood ions) with the characteristic
frequencies from GHz diapason [42].
It is possible to calculate the typical bio-effective
frequency range for each large-scale organ or system if
we apply the parametrical resonance theory to alive
organisms [42].
A parametrical resonance is known in physics for the
cases when some parameter of a system is changed with
the frequency
ν=2νown/n,
(3)
where νown is own frequency of the system, and n is an
integer. A typical sample of the parametrical resonance is
swinging (when we go on the swing, we change a
parameter - the actual length of the pendulum). It is
remarkable that the system’s response occurs in the wide
frequency range (in comparison, in the case of simple

According to this, it is very difficult to imagine the
physical mechanism of realization of the compelled
(forced) resonance at low frequencies. Compelling force,
as a rule, directly influences a system, i.e. the mechanical
influence is applied to mechanical system, electric impact
to the electric system. Certainly, there is piezoelectric,
magnetostriction and other effects, transiting mechanical
influence to electric. However there are no examples of
direct influence of electric or mechanical force on a
course of periodic chemical reaction.
In the forced resonance case, the own frequencies
would be caused by speeds of mechanical or electric
exciting, i.e. acoustic speed or a velocity of light, and the
linear sizes of systems. Sound speed in water is about 1.5
km/s, and if a system has own frequency ~100Hz, then
(according to (4)) the linear size of resounding biological
system would be approximately 15 m (that is unreal). So, a
compelled resonance is hardly the influencing mechanism
for low-frequency bio-effective range, and we have to
consider the possibility to apply here other resonance
types to explanation of the observed effects. On the other
hand, the compelled resonance is quite possible in GHz
diapason, as the formula (4) gives linear sizes of a system
about centimeters-millimeters.
Organism is a self-oscillatory and nonlinear system. One
of the main features of any living organism is the possibility
to change its own parameters under the external
influence. The organism supplies its homeostasis due to the
simultaneous existence of a system of resonators, systems
of energy supplementing, the nonlinear terminator of
fluctuations increase, and a feedback between the
resonators and an energy source. The nervous system is
more often responsible for a feedback within scales of the
whole organism (as a system with the greatest speed of a
signal transmission). In the case of cardiovascular, nervous,
endocrine, and blood systems, a feedback is supported by
electrochemical processes and mechanical movements.
So, the typical speed can be taken as a speed,
characteristic for the considered organ or system. For
example, in Table 1 we show the calculated characteristic
frequencies of the circulatory system for the human
organism and for a dog or a big rat. The bio-effective
frequencies can be easily computed, according to (3).
The experimentally found bio-effective frequencies are
given in the last column.
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From this table we see that the capillary bio-effective
frequencies are the same for different mammals.
Meanwhile, we have to take into account the fact that
bio-effective frequencies, experimentally found for
animals, do not always coincide with bio-effective
frequencies of humans.
TABLE 1

I - man
II - dog or
a big rat
I. vein
I. artery
I.
capillary
II. vein
II. artery
II.
capillary

Experimental
data (bioeffective
frequencies), Hz
and n
(theoretical)

V, m/s

L, m

νown, Hz

0.08-0.15

2

0.04-0.08

0.2-0.5

2

0.1-0.25

0.0005-0.002 6 ⋅10-4
0.15-0.25
0.6-0.9

0.4
0.15

0.0005-0.002 6 ⋅10-4

0.83-3
0.4-0.6
4-6
0.83-3

0.02 (n=3);
0.06 (n=2)
0.2 (n=1);
0.5-0.6 (n=1)
1-2 (n=2);
5-6 (n=1)
0.5-0.6 (n=2)
8-11 (n=1)
1-2 (n=2);
5-6 (n=1)

TABLE 2
Experimental data
(bio-effective
frequencies), Hz
and n (theoretical)

L, m

νown , Hz

man
horse

0.08-0.12
0.24

10-15
5

dog

0.06-0.03

20-40

0.020-0.03

40-60

40-50(n=2);

0.003

400

800 (n=1)

rat or
hamster
harvest
mouse

10 (n=2)
10 (n=1)
50 (n=1); 20-25
(n=3)

As an example we can demonstrate this for heart
frequencies (Table 2). Speed of excitation distribution from
sinoarticular node up to branches of ventriculonector is
averaged for all considered animals and is taken as ~ 1.2
km/s.
It was shown [42] that, according to the parametrical
resonance theory, the GMF variations with periods from 2
to 240 minutes can be resonant with the rhythms of the
human brain and endocrine system. Particularly, they can
influence
the
adrenal
gland,
hypophysis
and
hypothalamus, provoking the development of the general
adaptation syndrome.

Conclusions
On the basis of two experiments on the arterial blood
pressure daily measurements, we demonstrated several
important features of human response to environmental
changes.
First of all, we have shown that meteorological weather
and space weather are two relatively weak factors,

70

permanently influencing humans as modulators. However
consideration of the cumulative effect of both of them
gives the correlation coefficient between simulated
parameter and diastolic blood pressure up to 0.7 (while
the correlation coefficients between the separate weather
or space weather parameters and human health
characteristics are no higher than 0.3). Many processes on
the Earth and in space are somehow related with each
other and influence people simultaneously. We have
shown here that their possible bio-effectiveness must be
investigated as a whole and that the increasing of the
number of considered bioeffective parameters can give
the possibility of the adequate simulation of observed
medico-biological data rows and, in the future, to predict
various biological effects caused by environmental
changes.
In spite of relatively not too high linear correlation
between long time series of weather (or space weather)
parameters and human health characteristics, the sharp
changes of weather and space weather definitely
stimulate a sharp response of the human organism. We
have proved that these changes are identical for human
reaction to any “weather” type. There is no difference for
an organism - which stressor affects it. Its response is typical
demonstration of the General Adaptation Syndrome by
Hanz Selye.
We confirmed here the effect of “anticipatory
reaction” of bio-objects to geomagnetic storm agents.
Most probably this effect is due to changes of the
oscillatory regime of the geomagnetic filed, provoked by
increased variations of the solar wind density on the
background of its growth.
We demonstrated that the same variations can be a
source of human stress-adaptive reaction even during
quiet space weather period, i.e. geomagnetic storm is not
a necessary condition for space weather appearance as
a stressor. The similar bio-effects can be also observed
during the sector boundaries crossing and during the
periods of low-speed solar wind observation at the Earth’s
orbit.
The most probable physical nature of the General
Adaptation Syndrome development in all these cases is
the parametrical resonance of the adrenal gland,
hypophysis and hypothalamus, which are responsible for
the observed stress-adaptation reaction.
Acknowledgements
We are thankful to the Geomagnetic Observatory in
Panagiurishte,
Bulgaria
http://www.geophys.bas.bg/
panag/index_en.html for providing the local GMA data. We
thankfully acknowledge the contribution of all volunteers who
participated in the measurements. In this work we used data of
the
acupunctural
experiment
(IZMIRAN):
http://helios.izmiran.rssi.ru/helioecology/index.html.
Database of ULF indices was taken from the Augsburg
College’s site ftp://space.augsburg.edu/maccs/ULF_index.
1-minute resolution ACE spacecraft data are from OMNIweb:
http://omniweb.gsfc.nasa.gov/form/omni_min.html
Moscow geomagnetic field data are from IKI database
(IZMIRAN measurements): http://www.iki.rssi.ru/magbase/.

O.V.Khabarova, S.Dimitrova. On the Nature of People’s Reaction to Space Weather …

REFERENCES

[24] N.Romanova, V.Pilipenko, N.Crosby, O.Khabarova, “ULF Wave Index

[1] E.Stoupel, “Clinical Cosmobiology”, Canadian Medical Meteorology
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

[10]

[11]
[12]

[13]

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

Network, Bio-Electro-Magnetics Institute, 1989.
D.V.Hoyt, K.H.Schatten, “The Role of the Sun in Climate Change”,
Oxford University Press, 1997, p. 288.
A.J.McMichael, “Population, Environment, Disease, and Survival: Past
Patterns, Uncertain Futures”, Lancet, 2002, v. 359, pp. 1145-1148.
National Research Council (NRC), “Climate Change Science: An
Analysis of Some Key Questions”, National Academy Press,
Washington, DC, 2001.
A.L.Tchijevsky,
“Les
Epidémies
Et
Les
Perturbations
Electromagnétiques Du Milieu Extérieur”, Hippocrate, Paris, 1938, p.
238.
H.Friedman, R.O.Becker, C.H.Bachman, “Psychiatric Ward Behavior
and Geophysical Parameters”, Nature, 1965, v. 205, pp. 1050-1052.
B.M.Vladimirskiy et al., “Space and Biological Rhythms”, Crimean
press committee, Simferopol, 1995.
S.Dimitrova, I.Stoilova, I.Cholakov, “Influence of Local Geomagnetic
Storms on Arterial Blood Pressure”, Bioelectromagnetics, 2004, v.
25(6), pp. 408-414.
E.Stoupel, J.Petrauskiene, E.Abramson, R.Kalediene, J.Sulkes,
“Distribution of Monthly Deaths, Solar (SA) and Geomagnetic (GMA)
activity: Their Interrelationship in the Last Decade of the Second
Millennium: the Lithuanian Study 1990-1999”, Biomed. Pharmacother.,
2002, v. 56(2), pp. 301s-308s.
Yu.I.Gurfinkel., V.L.Voeikov, E.V.Buravlyova, S.E.Kondakov, “Effect of
Geomagnetic Storms on the Erythrocyte Sedimentation Rate in
Ischemic Patients”, Critical Reviews in Biomedical Engineering, 2001,
v. 29(1), pp. 65-76.
R.W.Kay, “Geomagnetic Storms: Association with Incidence of
Depression as Measured by Hospital Admission”, Brit. J. Psychiatry,
1994, v. 164(3), pp. 403-409.
E.S.Babayev, A.A.Allahverdiyeva, “Effects of Geomagnetic Activity
Variations on the Physiological and Psychological State of Functionally
Healthy Humans: Some Results of Azerbaijani studies”, Adv. Space
Res., 2007, v. 40, pp. 1941-1951.
O.Khabarova, M.Ragulskaya, E.Babayev, S.Dimitrova, S.Samsonov,
“Results of International Experiment on Investigation of Environmental
Changes’ Influence on Human Health”, Bulletin of Russian MilitaryMedical Academy, 2008, Suppl. 2, n. 3(23), pp. 412-413.
IPCC, 2007: Climate Change 2007: Impacts, Adaptation, and
Vulnerability. Cambridge University Press, UK, 2007
O.Khabarova, S. Dimitrova, “Some Proves of Integrated Influence of
Geomagnetic Activity and Weather Changes on Human Health”, in:
Proc. Russian-Bulgarian Conference Fundamental Space Research,
Sunny
Beach,
Bulgaria,
2008,
pp.
306-309.
http://arxiv.org/ftp/arxiv/papers/0810/0810.0457.pdf
S.Dimitrova, “Different Geomagnetic Indices as an Indicator for GeoEffective Solar Storms and Human Physiological State”, J. Atm. Sol.Terr. Phys., 2008, v. 70, pp. 420-427.
S.Dimitrova, “Relationship between Human Physiological Parameters
and Geomagnetic Variations of Solar Origin”, Adv. Space Res., 2006, v.
37(6), pp. 1251-1257.
I.V.Dmitrieva et al., “Experimental Confirmations of the Bioeffective
Influence of Magnetic Storms”, Astron. Astroph. Trans., 2000, v.19,
pp. 67-77.
M.V. Ragulskaya, O.V.Khabarova, “Influence of Solar Disturbances on
Human Organism”, Biomeditsinskaja Radioelectronika, 2001, n. 2, pp.
5-15.
L.V. Dmitrieva et al., “Response of the Human Body to Factors
Related to Solar Activity Variations”, Biophysics, 2001, v. 46, n. 5, pp.
905-910.
A.L. Tchizhevsky, “About One Kind of Specific Bio-Active or ZRadiation of the Sun”, in “Space pulse of life”. Moscow, Mysl’, 1995
(reprint), pp. 725-738.
O.V.Khabarova, “Investigation of the Tchizhevsky-Velkhover effect”,
Biophysics, 2004, v. 49(1), pp. S60-S67.
S.N.Samsonov et al., “Relationship of Solar and Geophysical
Disturbances with Cardiovascular Diseases”, Science and Education,
2008, v. 2(50), pp. 50-55.

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]
[34]

[35]
[36]

[37]
[38]
[39]
[40]

[41]

[42]

and its Possible Applications in Space Physics”, Bulgarian J.Phys.,
2007, v. 34(2), pp. 136-148.
O.Kozyreva, et al., “In Search of a New ULF Wave Index: Comparison
of Pc5 Power with Dynamics of Geostationary Relativistic Electrons”,
Planetary and Space Science, 2007, v. 55(6), pp. 755-769.
D.G.Afonin, M.V.Ragulskaya, “Peculiarities of Human Organism
Adaptation in the Modern Megacity”, Biomedical technologies and
radioelectronics, 2003, v. 5, pp. 29-40.
H. Selye, “The Stress of life”, New York: McGraw-Hill, 1956.
B.S.McEwen, “Protective and Damaging Effects of Stress Mediators”,
The New England Journal of Medicine, 1998, v. 338, pp. 171-179.
J.A.Abel, K.T.Larkin, “Assessment of Cardiovascular Reactivity Across
Laboratory and Natural Settings”, J. Psychosomatic Research, 1991,
v.35, pp. 365 - 373.
A.S.Presman, “Electromagnetic Fields and Life”, Trans. by F. L.
Sinclair, ed. by F. A. Brown, New York, Plenum Press, 1970.
Yu.A.Kholodov, "Electromagnetic Fields and the Brain," Impact of
Science on Society, 1974, v. 24(4), pp. 291-297.
N.D.Devyatkov, M.B.Golant, A.S.Tager, “The Role of Synchronization
and Influence of Weak Signals of the mm Wavelength Range on Living
Organisms”, “Effekty Neteplovovo Vozdeystviya mm Izlucheniya na
Biologicheskie Obiekty”, N.D. Devyatkov, ed. Moscow: AN SSSR, 1983,
pp. 7-17.
N.D.Devyatkov, M.B.Golant, O.V. Betskiy, “Millimeter Waves and Their
Role in the Processes of Life Activities”, Moscow, Radio and
Communications, 1991, p. 168.
N.N.Kositsky, A.I.Nizhelska, G.V.Ponezha, “Influence of Highfrequency Electromagnetic Radiation at Non-thermal Intensities on the
Human Body (A review of work by Russian and Ukrainian
researchers)”, No Place To Hide - Newsletter of the Cellular Phone
Taskforce
Inc.,
2001,
v.3(1),
pp.
1-31,
http://www.mysafetyshield.com/library/radiationgeneral/influence_
of_high_frequency_electromagnetic_radiation_at_non_thermal_intens
ities.pdf .
N.G.Ptitsyna et al., “Natural and Man-Made Low-Frequency Magnetic
Fields as a Potential Health Hazard”. Uspekhi Physicheskikh Nauk,
1998, v. 41(7), pp. 687-709.
K.Otsuka et al., “Alternating Light-Darkness-Influenced Human
Electrocardiographic
Magnetoreception
in
Association
with
Geomagnetic Pulsations”, Biomed. Pharmacotherapy, 2001, v. 55(1),
pp. 63-75.
N.G.Kleimenova et al., “Pc1 Geomagnetic Pulsations as a Potential
Hazard of the Myocardial Infarction”, J. Atm. Sol.-Terr. Phys., 2007,
v. 69(14), pp. 1759-1764.
E.T.Matveyeva, R.V. Shchepetnov. “Temporal characteristics and
medical aspects of Pc1 geomagnetic pulsations”, J. Atm. Sol.-Terr.
Phys., 2007, v.69, Issue 14, pp. 1747-1752.
O.V.Khabarova. “Outstripping response of bioobjects on magnetic
storms”, in: 3rd International conference “Problems of Geocosmos”,
St.-Petersburg, Petrodvorets, 2000, pp.63-64.
O.V.Khabarova, E.A.Rudenchik, “Peculiarities of solar wind and IMF
oscillatory regime’s changes before geomagnetic storms - Wavelet
analysis results”, Herald of the Department of Earth Sciences by
Russian
Academy
of
Sciences,
2003,
№
1(21),
http://www.scgis.ru/russian/cp1251/h_dgggms/1-2003/screp-5.pdf
O.V.Khabarova, V.Pilipenko, M.J.Engebretson, E.Rudenchik, “Solar
wind and interplanetary magnetic field features before magnetic
storm onset”, in: Proc. Eighth International Conference on Substorms
(ICS-8), eds. Syrjäsuo and Donovan, University of Calgary Press,
Alberta,
Canada,
2007,
pp.127-132,
http://ics8.ca/proc_files/khabarova.pdf
O.V.Khabarova, “Bioeffective frequencies and their coupling with own
frequencies of alive organisms”, Biomedical Technology and
Radioelectronika, 2002, No.5, pp. 56-66.

71

