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Abstract There are many references in the literature related to
connection between the space weather and the state of human
organism. The search of external factors influence on humans is
a multi-factor problem and it is well known that humans have a
meteo-sensitivity. A direct problem of finding the earth weather
conditions, under which the space weather manifests itself most
strongly, is discussed in the present work for the first time in the
helio-biology. From a formal point of view, this problem requires identification of subset (magnetobiotropic region) in
three-dimensional earth’s weather parameters such as pressure,
temperature, and humidity, corresponding to the days when the
human body is the most sensitive to changes in the geomagnetic
field variations and when it reacts by statistically significant
increase (or decrease) of a particular physiological parameter.
This formulation defines the optimization of the problem, and
the solution of the latter is not possible without the involvement
of powerful metaheuristic methods of searching. Using the algorithm of differential evolution, we prove the existence of
magnetobiotropic regions in the earth’s weather parameters,
which exhibit magneto-sensitivity of systolic, diastolic blood
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pressure, and heart rate of healthy young subjects for three
weather areas (combinations of atmospheric temperature, pressure, and humidity). The maximum value of the correlation
confidence for the measurements attributable to the days of
the weather conditions that fall into each of three
magnetobiotropic areas is an order of 0.006, that is almost 10
times less than the confidence, equal to 0.05, accepted in many
helio-biological researches.
Keywords Algorithm of differential evolution . Earth weather
parameters . Space weather . Arterial blood pressure . Heart
rate . Confidence

Introduction
The mechanism of action of magnetic fields on biological
objects is still unclear, despite a number of hypotheses in this
field [Binhi 2002; Binhi and Chernavskii 2005; Binhi and
Rubin 2007; Breus et al. 2016]. Therefore, the detection of
connection of helio-geomagnetic and physiological parameters in the vast majority of researchers is using statistical data
processing, free from formalism of physical models. This is
mainly the correlation analysis, aimed at the detection of a
linear functional dependence of some indexes of geomagnetic
activity (Kp, Ap, and other indexes), acting as an independent
variable, or predictor, and specific physiological parameter as
the dependent variable, or an adapter There are about a thousand publications in the world special literature claiming existence of correlation coefficients up to 0.6–0.8 and strong
connection between space weather and physiological parameters (see review papers [Palmer et al. 2006; Cherry 2002] and
as examples [Cornelissen et al. 2002; Dimitrova 2006;
Stoupel et al. 2011, 2015; Zeng et al. 2014]. The main criterion of correspondence to real decisions, taken as a result of

922

statistical data processing, is a confidence, usually denoted by
p, and characterizing the probability of type II errors, i.e.,
random sample occurrence that entails a positive decision on
the presence of relationship between the predictor and the
adapter, whereas in fact there is no such link. The threshold
value of confidence in the most chronobiological and heliobiological studies considered to be p = 0.05. This means the
possibility of accidental acceptance of a false positive conclusion on the association between predictor and adapter on average in each of the twentieth type database. Indeed, the approximate ratio of 1:20 is observed among the works, respectively, proving and disproving the existence of magnetic sensitivity of humans. The ratio of 20:1 is observed between
skeptics and supporters of the concept of influence of heliogeomagnetic factors on biological systems.
Proceeding from the above, we believe the value of confidence p = 0.05 unacceptably exaggerated. On the basis of the
scientific community acceptance the idea of multi-factor depending of the human body effects from exogenous factors
[e.g., Ozheredov et al. 2010; Gurfinkel et al. 2012; Zenchenko
et al. 2013 ], we show the possibility of a significant reduction
in the parameter p by the introduction of multi-parameter
models based on dependence of physiological parameters
from Kp-index, but estimating the impact of heliogeomagnetic activity on some specific physiological characteristic (Z) at different temperature (T), the atmospheric pressure (P) and humidity (H). This approach allows us to find a
domain G in the space of these weather parameters that the
statistical processing of the filtered database based on
{T, P, H} ∈ G gives confidence, i.e., probability of type II errors, almost 10 times less than that occurring with a statistical
processing of the primary database without taking into account the weather conditions.

Materials
We were analyzed the results of daily monitoring of heart rate
(the HR), systolic (SBP) and diastolic (DBP) blood pressure
with duration of 7 days for each of 197 healthy volunteers
(127 male and 70 women in ages from 19 to 27) from the
students and teachers at the Peoples’ Friendship University
of Russia, Medical Institute, just 490 precedents in the 2 years
(2011–2012). Their health status has been pre-certified as normal. At the meeting of the Ethics Committee of the Medical
Institute of the Russian Peoples’ Friendship University dated
21 February 2011 (minutes №. 2) the question of monitoring
of blood pressure and heart rate for participation of people in
the study was considered. An informed consent of 197 students and teachers of the University was presented. An agreement to realize such investigation was obtained.
Registration of BP and HR was carried out within 7 days
during 24 h with the help of non-invasive ambulatory
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automatic device for recording blood pressure (TM2421; A
& D Co., Japan). For a basic research daily profile of these
parameters was taken and from it the pick values were selected, which practically appear approximately in the same time
of day for each volunteer.
Data for predictors (GMA indexes) are taken from site
http://rp5.ru/archive.php?wmo_id=27612&lang=ru for
temperature T, pressure P, and atmospheric humidity H, and
for Kp-index: ftp://ftp.ngdc.noaa.gov/STP/GEOMAGNETIC_
DATA/INDICES/KP_AP
We used Kp-index, as it is done in the majority of medical
and helio-biological studies in order to be able to compare our
results with them, and also because the local K-index for
Moscow does not differ significantly from the Kp-index.
Figure 1 shows scatter diagram for the total per day Kp and
KMoscow indexes for one of investigated year (300 days).
∑Kp ≥ 25 correspond to days with supposed as biotropic
geomagnetic disturbances and magnetic storms and for such
values dispersion is quite small (Fig. 1) and correlation coefficient ∑Kp with ∑KMoscow is 0.94.
Splitting the original physiological sample in accordance
with the Quiet, Unsettled, Active, Stormy GMA, should lead
to a too small sample sizes, which will not allow to get statistically significant results. Using the daily sum of Kp-index is
due to selected pulse ratio of physiological data.

Methods
We use the simplest possible configuration of magnetobiotropic
area G: open cuboid intercepting three thresholds Ttr, Ptr, and
Htr. Thus, the latter is given by one of the eight possible configurations of inequality systems:
8
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:
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:
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Fig. 1 Scatter diagram for ∑Kp and local index for Moscow—∑KMoscow
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It is natural to assume that any Wtr threshold, corresponding
to weather parameter W appearing in one of the system of
inequalities (1), satisfies the condition:
minW < W tr < maxW;

ð2Þ

where minW and maxW denote the minimum and maximum
values. If one of inequalities that define the area of G, looks like
W < Wtr (or W > Wtr), the proximity to the threshold Wtr to max
W (to min W) will mean the absence of magnetic sensitivity
dependence of volunteers from the weather factor, represented
by the parameter W. We are interested in the most biotropic
changes in weather parameters. From a formal point of view, this
leads to the problem of finding a) the optimal combination of
signs of (1) and b) optimal thresholds Ttr, Ptr, and Htr, for which
the confidence of the correlation coefficient calculated from the
precedents of the primary database, the weather parameters of
which satisfy the inequality of the type (1), will be minimal.
Subset of such precedents we denote as PR[G].
However, there is a limitation that prevents Ttr, Ptr, and Htr
take any value of type (2) as it is known from [http://matlab.
ru/products/statistics-toolbox/statistics-toolbox-rus_web.pdf].
The accuracy of numerical confidence of correlation coefficient
with the number of precedents N ðPRÞ in the database PR,
smaller then 40, becomes unsatisfactory. This circumstance
converts the task of finding the most magnetobiotropic region
into the conditional optimization problem:


minconfidence corr PRKp ½G; PRZ ½G
ð3Þ
N ðPR½GÞ≥ 40;

ð4Þ

Fig. 2 Methods of iterative descent from a single starting point in
comparison with the differential evolution algorithm: a in the case of
twice differentiable relief this algorithm starts from a single point (the
black triangle) and implementing a local parabolic approximation of the
target function finds a relatively short path to a minimum with the
coordinates [0,0] (indicated by a black circle); b–d in the case of not

where PRKp[G] and PRZ[G] respectively represent the measurements of Kp-index and the particular physiological parameter from the database PRZ[G].
Problem (3) was solved by using metaheuristics (an
algorithm of gradient free searching of the minimum),
which represents a method of differential evolution. The
choice of this solution is determined by a) the behavior of
the target function (3), characterized by alternating plateaus and abrupt chaotic changes in the dependent variable for small shifts of independent one, and b) the conditions (4) on the independent variable of the target function, prescribed allowable domain optimization with sophisticated, pre unpredictable boundaries. Due to this the
problem type of (3) cannot be solved by the descent method (Fig. 2a) using any one trajectory - the initial point is
likely to be final point. The method of differential evolution extends the concept of multi-start radically changing
at each step starting point configuration in the space of
independent variables for the target function (Fig. 2b, c,
d). The conventional multi-start, when the minimum is
searching straight off by descent on several trajectories,
or when an optimal starting point instantly chosen as the
final response (Monte Carlo method), usually does not
lead to a satisfactory solution of typical optimization
problems in chronobiology.
Let us assume that x* is a minimum point of the target
function (in general, depending from several variables)
f(x), i.e., in x* = arg min f(x) in formal record. For methods
with multi-start it is significant to have knowledge of the

differentiable relief (for the same target function as in Fig. 1a), with the
addition of Gaussian noise) the work the algorithm of differential
evolution is shown, for which the multi-start sequence leads to a
narrowing S ∩ Π area (shown by black rectangles) and to concentration
of multi-start points around the minimum point
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Fig. 3 The evolution of the three parameters—the number of
precedents N ðPR½GÞ ) (left panel), the correlation coefficient
(Spearman) (middle panel) and the confidence (right panel) in the

implementation of differential evolution algorithm iterations. As a
physiological parameter W here serves SBP and inequality signs
correspond to system (6) of formula (1)

fact that x* ∈ Π, where Π is usually a cuboid volume as
small as possible (in the multidimensional space the identical units for this region is understood as a volume of
integral of the area). Let S means the range of variation

of the target function argument that is admissible in terms
of additional conditions such as (4). A subset of the space
of the independent variable Θ, is a minimum pool in respect to some optimization algorithm, if the latter, starting

Fig. 4 a Initial scatter diagram: BK-index—SBP^. Reliable
correlation is absent. b The scattering diagram: BK-index—SBP^
at the ratios of weather factors found by the optimization
algorithm. c Histogram of atmospheric temperature. Dark area
indicates magnetobiotropic range of temperatures in relation to

BK-index—SBP^. d Histogram of atmospheric pressure. Dark area
indicates magnetobiotropic range of pressures in relation to BKindex—SBP^. e Histogram of atmospheric humidity. Dark area
indicates biotropic humidity regarding the relationship BK-index—
SBP^
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from any point x ∈ Θ, gets a minimum in neighborhood of
x*, where the target function is negligibly differ from
f(x*), using a reasonable number of iterations. In the chronobiology usually we have:
Z
\ dx
S
Θ
Z \
≪≪≪ 1:
ð5Þ
S Π dx
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parameter W. It should be noted that in this case the correlations and the number of precedents N ðPR½GÞ in the
database PR[G], which are cutting-off by thresholds Ttr,
Ptr, and Htr, are changing rather randomly, without any
previewed patterns, although the confidence decreases
monotonically (Fig. 3). This means that the most significant relationship does not necessarily occur at the maximum number of observations or have the greatest value of
the linear correlation.

(We introduce informal mathematical symbol ≪ ≪ ≪
meaning Bless than about ten thousand times^). It follows
from (5) that one cannot accidentally fall into a minimum
pool, however, it can be an iterative approach, constantly
narrowing region S ∩ Π (Fig. 2b, c, d)), thereby increasing
the ratio of the left-hand side of (5). This is the algorithm
of differential evolution. In the process of calculations,
the algorithm varies thresholds Ttr, Ptr, and Htr of weather
factors and reduces the confidence of the correlation coefficient between the Kp-index and the physiological

Our investigations have shown the existence of
magnetobiotropic weather parameters for three investigated physiological characteristics of the human organism—
SBP, DBP, and HR (Figs. 4, 5, and 6). Let us note that
original scatter plot demonstrate the absence of physiological parameters dependence on geomagnetic activity

Fig. 5 а Initial scatter diagram: BK-index—DBP^. Reliable
correlation is absent. b The scattering diagram: BK-index—DBP^
at the ratios of weather factors found by the optimization
algorithm. c. Histogram of atmospheric temperature. Dark area
indicates magnetobiotropic range of temperatures in relation to

BK-index—DBP^. d Histogram of atmospheric pressure. Dark
area indicates magnetobiotropic range of pressures in relation to
BK-index—DBP^. e Histogram of atmospheric humidity. Dark
area indicates biotropic humidity regarding the relationship BKindex—DBP^

Results
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Fig. 6 а Initial scatter diagram: BK-index—HR^. Reliable correlation is
absent. b The scattering diagram: BK-index—HR^ at the ratios of weather
factors found by the optimization algorithm. c Histogram of atmospheric
temperature. Dark area indicates magnetobiotropic range of temperatures

in relation to BK-index—HR^. d Histogram of atmospheric pressure.
Dark area indicates magnetobiotropic range of pressures in relation to
BK-index—HR^. e. Histogram of atmospheric humidity. Dark area
indicates biotropic humidity regarding the relationship BK-index—HR^

(GMA) (panel a on Figs. 4, 5, and 6). The dependence
occurs only in the presence of suitable weather conditions
(panels с–e on Figs. 4, 5, and 6), as demonstrated by the
corresponding scatter plot (panel b on Figs. 4, 5, and 6,
black triangles represent correlating precedents, circles–
the original data). The maximum correlation confidence for
the measurements attributable to the days of weather conditions
that fall into each of three magnetobiotropic areas is an order of
0.006, that is almost 10 times less than the confidence threshold, equal to 0.05–0.01, accepted in medical researchers. We
therefore have shown that the geomagnetic activity is rather
weak factor (the module of correlation coefficients ranges from
0.2 to 0.4 for the investigated hemodynamic parameters) and its
influence on healthy and relatively young humans is manifested
only in certain weather conditions. It is well known that not
only the elderly and sick people but also young and healthy
are possessed by meteorological and magnetic sensitivity (see
for example Zunnulov 2002; Zenchenko et al. 2008;
Kuznetsova et al. 2009). However, it is a syndrome but not a
disease (except meteo-pathology), so it does not pose a threat to
the lives of young healthy people however it can worsen the
quality of their life.

A number of studies have been previously shown that
the correlation coefficients for blood pressure and heart
rate, and the characteristics of geomagnetic activity without considering the effect of the earth’s weather in the
category of healthy older people than in our study, were
negligibly small or do not exceeded the value of 0.2 (see
for example Table 1 in Ozheredov et al. (2010)). In present study we obtained the correlation coefficients 039 for
SBP, −0.23 for DBP and 0.33 for HR with confidence
0.006 only in the presence of suitable weather conditions.
Our results do not contradict with previous studies of
various authors.
As can be seen from Fig. 7a, b, c, HR-magnetobiotropic
region is entirely contained in the DBP-magnetobiotropic
area, whereas SBP- and DBP-magnitobiotropic areas almost do not overlap. As it follows from Fig. 7a, b, influence of geomagnetic factor on systolic blood pressure
practically independent of the atmospheric temperature.
Figure 7c shows that the diastolic blood pressure very
weakly depends on humidity. Atmospheric pressure is the
main factor of influence for all considered physiological
parameters.
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Fig. 7 a. Projections of
magnetobiotropic regions in
relation to SBP (layer 1 (red),),
DBP (layer 2 (green)) and HR
(layer 3(blue)) on the plane P and
T. b. Projections of
magnetobiotropic regions in
relation to SBP (layer 1(red),
DBP (layer 2 (green) and HR
(layer 3(blue)) on the plane H and
T. c. Projections of
magnetobiotropic regions in
relation to SBP (layer 1(red),),
DBP (layer 2 (green)) and HR
(layer 3(blue)) on the plane H and
P

Conclusions
In this paper, we prove the existence the only weak connection between geomagnetic activity and hemodynamic
parameters of healthy young people, which is an order of
magnitude more authentic, than previously obtained in
helio-biological and medical studies for people of different age groups. Maximum confidence in our work is
0.006, whereas in most other studies of this subject the
confidence is 0.05–0.01.
We have also shown that the geomagnetic activity is
manifested in the certain earth’s weather conditions. From
previous works it is known that the basic influence of
geomagnetic factors is exerted on the vascular tone, and

the specific reaction to GMA is similar to the reaction to
meteorogical factors [Gurfinkel et al. 2012; Zenchenko
et al. 2013; Breus et al. 2010a, b, 2012; Ozheredov
et al. 2010]. Obviously in the case of combined action
of GMA at the background of jumps of atmospheric pressure the effectiveness of the influence had to grow.
Therefore, impact of the space and earth’s weather can
complement each other and have cumulative effect. The
influence of geomagnetic factor on systolic blood pressure
for healthy young people practically independent on the
atmospheric temperature and influence on the diastolic
blood pressure is very weakly depending on humidity.
Atmospheric pressure in this study, as well as in
[Ozheredov et al. 2010], appeared to be the main factor
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of influence and provides magnetobiotropicity for all considered physiological parameters. The database does not
allow for a separate research of sub-populations of men
and women due to the statistical inconsistency of such
research because of lack of data. In the Appendix,
inserted in the article, we have shown that if there is a
dependency of the physiological parameters from the Kpindex in the general population, it must be at least in one
of the sub-populations. Thus, even in the case of the existence of gender differences, we have shown the presence
of dependence in at least one of the sub-populations.
Acknowledgements The authors appreciate very much the financial
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Int J Biometeorol (2017) 61:921–929

h
ih
i
8
< ∬pξη ðx; yÞ x−xp y−yp ¼ 0
h
ih
i
: ∬q ðx; yÞ x−xq y−y ¼ 0
ξη
q
Here, xp , yp , xq , and yq indicate the average values of the
parameters ξ and η on the distributions p_ξη and q_ξη, respectively. Due to the similarity of the distribution of Kpindex for the subsamples of men and women: xp ¼ xq ¼ x
Let the proportion of women in the resulting sample is α,
and men is β, α + β = 1. As follows from the formula, the total
probability distribution of the resulting mixture will be
αpξη(x, y) + βqξη(x, y), while the mean values of ξ and η on
the resulting distribution will be correspondingly
h
i
∬ αpξη ðx; yÞ þ βqξη ðx; yÞ xdxdy ¼ αxp þ βxq ¼ ðα þ β Þx ¼ x

Appendix
We have the measurements of physiological parameters of
197 people (70 women and 127 men). Let us show that if there
is a dependency of the physiological parameters from Kpindex in the general population, it must be at least in one of
the sub-populations. The proof will be done by contradiction.
Let us assume nonstationary mixture of samples, consisting of
men and women, while in each of the subsamples relationship
between the studied parameters is missing. It is easy to show that
the mixing of these subsamples will not cause a statistically significant relationship to the resultant mixture. It follows that at
least one of subsamples dependency is present.
Let us denote Kp-index as ξ, and physiological parameter
as η. The two-dimensional distribution of this pair of options
for women will be denoted as the p_ξη (x, y), and for women
as q_ξη (x, y). Under the assumption of the lack of correlation
between ξ and η, we can write the system of equations:

and
h
i
∬ αpξη ðx; yÞ þ βqξη ðx; yÞ ydxdy ¼ αyp þ βyq
Covariance parameters ξ and η on the new distribution is:
h
ih ih
i
∬ αpξη ðx; yÞ þ βqξη ðx; yÞ x−x y−αyp −βyq dxdy
This integral splits into a sum:
h ih
i
α∬pξη ðx; yÞ x−x y−αyp −βyq dxdyþ
h ih
i
þβ∬qξη ðx; yÞ x−x y−αyp −βyq dxdy
Let us prove the vanishing of the first sum of the components (the vanishing of the second one can be proved
similarly):


 h ih
h i
i
∬pξη x; y x−x y−ayp þβyq dxdy ¼ ∬pξη ðx; yÞ x−x y−yp þ yp −ayp −βy dxdy ¼
h ih
h ih
i
i
¼ ∬pξη ðx; yÞ x−x y−yp dxdy þ ∬pξη ðx; yÞ x−x yp −ayp −βyq dxdy ¼
h i
h
i
h
i 
¼ 0 þ yp −ayp −βyq ∬pξη ðx; yÞ x−x dxdy ¼ 0 þ yp −ayq −βyq x−x ¼ 0

Thus, we have proved that the absence of correlation with
respect to distributions in both subsamples leads to absence of
correlation in the resultant mixture, therefore we can come to
the fact that in our case at least in one of the sub-samples.
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