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Abstract Ð  The living organism is constantly affected by natural electro-
magnetic influences covering a wide range of frequencies and amplitudes.
One of these influences, with frequencies in the very low frequency (VLF)
range, (1-100 kHz) is represented by a phenomenon called VLF-atmospher-
ics or VLF-sferics. Sferics are very short, weak, and dampened electromag-
netic impulses generated by atmospheric discharges (lightning). Due to this
fact, they can be used to study the characteristics of lightning, as well as the
lower ionosphere. Besides their significance as indicators of thunderstorm
activity, it has been hypothesized that sferics are able to affect the function-
ing of living organisms and physico-chemical systems. More specifically, this
atmospheric parameter has been considered a possible trigger for changes in
the somatic and emotional well-being of humans, sometimes referred to as
weather sensitivity symptoms or meteoropathy. The following review at-
tempts to summarize present knowledge of biological significance of VLF-
sferics in humans.
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1. What are VLF-Sferics?

The living organism is constantly affected by natural electromagnetic influ-

ences covering a wide range of frequencies and amplitudes. One of these influ-

ences with frequencies in the very low frequency (VLF) range (1-100 kHz) is

represented by a phenomenon called VLF-atmospherics or VLF-sferics. Sfer-

ics are electromagnetic impulses that are emitted during thunderstorms. Gen-

erated by lightning discharges, they propagate with approximately the speed

of light through the atmospheric waveguide which is formed by the earth’ s sur-

face and the lower ionosphere. During their propagation, sferics undergo pro-

nounced changes with regard to their amplitude and frequency composition,

due to dispersion and dampening effects. With increasing distance from their

place of origin, both the higher and the lower frequency components decrease.

Since the atmospheric waveguide functions similar to that of a band pass filter

for frequencies around 10 kHz, this component undergoes minimal attenua-

tion during the signal’s propagation. For distances beyond 1000 km, mainly

frequencies around 10 kHz can be observed (Betz, et al., 1996).
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Atmospherics are characterized by very low amplitudes and short dura-

tions. Their electric and their magnetic field strength does not exceed values

of a few volts per meter and some microTesla, respectively (Reiter, 1995).

Common signal intensities are in the nanoTesla range. The duration of a VLF-

sferics impulse is on average 0.5 ms (Betz et al., 1996). The signal features

such as amplitude, frequency composition, waveform and duration primarily

depend upon the kind of discharge, the distance between source and detector,

and the conditions of transmission within the atmosphere. 

Due to their origin in atmospheric discharges, sferics can be used for detec-

tion of lightning and localization of thunderstorm areas. The number of

recorded impulses per time unit is an indicator of thunderstorm activity, which

shows typical daily as well as seasonal variations. The h ighest pulse frequen-

cies in mid-European countries can be registered during summer afternoons. A

second peak occurs around midnight, which is present for most of the year (see

Figure 1).

2. Biological Effects of VLF-Sferics in Humans

Besides their significance as indicators of thunderstorm activity, biological

effects of VLF-atmospherics in humans have been reported. In general, these

studies were characterized by two different approaches. The majority of stud-

ies was based on a descriptive-correlational approach, where attributes of the

natural sferics activity were correlated with physiological parameters, indices

of somatic and emotional well-being or behavioral measures. Here, sferics ac-

Fig. 1. Time dynamics of natural sferics activity for a day. Amplitude spectra of single sferics
signals were combined for a duration of four hours each. The spectral maximum of the
single spectra was standardized to 1.



tivity was usually described by impulse rates (number of sferics per time unit),
which were registered within different frequency bands and intensity ranges.

Only rarely were simulation studies performed in order to investigate sferics

effects on humans under controlled experimental conditions.

2.1 Correlational Studies

One of the first observations of an association between biological processes

in humans and natural sferics activity was mentioned by Dorno (1934), who

described the case of Major Holtzei. The Major suffered from tinnitus after

having been wounded in the First World War. In order to identify the triggers

for his unbearable ear noises, he started to record the intensity of his symptoms

every day, which showed a noticeable covariation with the impulse rate of

sferics.

It was Reiter (1960) who did the first specific investigations concerning the

biological effects of atmospherics in humans. Between 1948 and 1954 he as-

sessed variations in pain perception within various patient groups over periods

of several months. At the same time he registered sferics rates within two fre-

quency bands (4-12 kHz and 10-50 kHz) and correlated both the atmospheric

and biological parameters with one another. By using this method, he found

significantly positive correlations between the impulse rate of atmospherics

and the pain intensity reported by patients suffering from brain injuries, dam-

aged tissue (operation wounds, scars), or internal illnesses (asthma, angina

pectoris, migraine). Besides that, he observed higher rates of criminal offens-

es, suicides, car accidents, and prolonged reaction times during enhanced nat-

ural sferics activity (Reiter, 1950; 1951; 1960).

Investigations by Ruhenstroth-Bauer et al. (1984; 1985; 1987) revealed

connections between different pathological symptoms and the impulse rate of

VLF-atmospherics. This research group used a registration method developed

by Baumer and Eichmeier (1980), who describe atmospherics as having clear-

ly separated spectral maxima at 6, 8, 10, 12, and 28 kHz. The impulse rates at

these frequencies were associated with the occurrence of epileptic seizures,

sudden deafness, and myocardial infarctions. In the group of patients suffering

from epilepsy (n = 6), who had been monitored over a period of 7 months, the

onset of seizures was positively correlated (rs = .30) with the 28 kHz sferics

rate and negatively correlated (rs = - 20) with the 10 kHz rate (Ruhenstroth-

Bauer et al., 1984). In instances of sudden deafness, which had been analyzed

for a sample of 203 patients over a period of one year, an elevated incidence of

the illness showed up for a specific day, when the impulse rate in the 8 kHz

range was low, and the 12 kHz sferics rate of the day before had been high. The

correlation with this combined sferics measure was R = .23 (Ruhenstroth-

Bauer et al., 1987). Furthermore, a positive association (r = .15) between the

number of patients admitted to hospitals because of myocardial infarctions

and sferics activity in the 28 kHz band was observed by studying 162 clinic ad-

missions due to this diagnosis (Ruhenstroth-Bauer et al., 1985). A connection
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between atmospherics and the occurrence of heart attacks had been noticed be-

fore by Brezowsky and Rantscht-Froemsdorff (1966), and by Klein (1968).

However, in these studies low impulse rates (amplitude ³ 0.02 V/m) were cou-

pled with an enhanced incidence of myocardial infarctions.

An investigation by Sulman, Levy and Lunkan (1976) showed that during

enhanced sferics rates in the 10 kHz range subjects experienced symptoms

such as migraine, sleep disorders or tension more often. Pelz and Swantes

(1986) collected daily pain reports from patients with amputated legs 

(n = 178) over a period of four years and put them into relation with the 5 kHz-

sferics activity (amplitude > 14 m V/[Hz ́ m]). Both parameters were positive-

ly associated with each other (r = .68). In addition, the number of thunder-

storms registered within the residential areas of the patients was also correlated

with the number of phantom limb complaints (r = .47). A relationship between

VLF-atmospherics and pain symptoms had also been detected by Ludwig

(1973). Here, patients suffering from rheumatism indicated feeling more pain

during nights which had been characterized by a marked increase in sferics ac-

tivity (amplitude ³ 0.02 V/m). Finally, Laaber (1987) observed that pupils (n =

23) made more mistakes on a concentration task when sferics rates in the 10

kHz range had increased on the night before the test (r = .35).

Negative results were obtained in the studies by Ungeheuer (1952), Lieû

(1959), and Harlfinger (1991). Stimulated by the work of Reiter (1950), Lieû

(1959) had analyzed the relationship between the somatic and psychical con-

dition of hospitalized patients (n = 30) and the sferics activity in the range be-

tween 3 and 50 kHz. None of the three analyzed symptom groups (cardiac/cir-

culatory, scar/fracture and psychical complaints) was connected to the

atmospherics rate, which had been recorded daily over a period of 6 months. In

the same vein, Ungeheuer (1952) observed no increase of pathological inci-

dences in 64 Bavarian clinics during a night (2.7. - 3.7. 1952) with markedly

enhanced sferics activity in the 28 kHz band. Finally, Harlfinger (1991) moni-

tored 8 subjects over a period of 4 weeks. On a daily basis, the beta-endorphin

concentration in the venous blood as well as natural sferics rates (< 100 kHz)

had been determined and put into relation with each other. No correlation

could be revealed.

Looking at the amount of data gathered in these correlational studies, the

predominance of positive results seems to support the assumption that sferics

are biologically effective. However, correlational studies cannot detect causal

connections and the possibility that other environmental parameters associat-

ed with sferics activity are responsible for the observed biological changes

cannot be excluded.

Besides that, another problem present through the whole history of sferics

research relates to the registration and analysis methods used to assess atmo-

spherics. The applied signal descriptors are heterogeneous between different

research groups and vary with regard to the applied amplitude and frequency

ranges. Therefore, results are difficult to compare. Furthermore, critics of the



Baumer-Eichmeier-System (Baumer & Eichmeier, 1980) interpret the distinct
sferics frequency maxima reported by the authors as artifacts due to errors

within the analysis method. Thus, the dominating sferics frequencies which

were found by Baumer and colleagues only partially reflect the natural sferics

characteristics. Consequently, the outcomes of their biological studies, which

make up a big part of recent sferics research concerning humans, have to be

viewed with skepticism (for details concerning this problem see König et al.,
1990).

2.2 Sferics Simulation Studies

In order to detect biological effects of sferics, simulation studies have to be

conducted where the signals can be presented under controlled experimental

conditions. A first attempt to demonstrate such an effect in humans was exe-

cuted by Ludwig and Mecke (1968). In their pilot study, the authors exposed

subjects to various ª sferics programsº  characterized by different electric and

magnetic field amplitudes (1 V/m, 10 mV/m; 26.5 m A/m, 2.65 mA/m). The

square impulses with frequencies of 10 and 100 kHz were presented with pulse

repetition frequencies of 2.5, 5, 10 or 20 Hz. The simulation provoked com-

plaints of dizziness in some of the subjects who had been diagnosed as ª labile

vagotonics,º  which implies an overresponsivity of the parasympathetic ner-

vous system.

Ranscht-Froemsdorff and Rink (1972) investigated the influence of sferics

on blood coagulation. Within a shielded climate chamber, subjects were ex-

posed for several weeks to either a narrow banded 10 kHz-impulse with an am-

plitude of 10 mV/m and a repetition frequency varying between 3 and 10 Hz,

or to a broad-banded (10-100 kHz) signal with an amplitude of 100 mV/m and

an impulse rate ranging between 30 and 100 Hz. Both sferics programs aiming

at simulating ª goodº  and ª badº  weather provoked a slowing in blood coagula-

tion when the room temperature was between 17-22 0C.

Jacobi et al. (1981) also demonstrated an effect of VLF-sferics on blood

composition. After a 3 hour-exposure to a 10 kHz-sferics impulse with an am-

plitude of 0.4 V/m, which was repeated with a frequency of 10 Hz, the platelet

adhesiveness significantly increased. This response was most pronounced in

anxious and depressed subjects, who had attained high scores on the psychas-

thenia scale of the MMPI (Minnesota Multiphasic Personality Inventory;

Hathaway & McKinley, 1963).

Electrocortical effects were observed in a pilot study executed by Tirsch et
al. (1994). The application of 10 kHz sferics with a magnetic field strength of

50 nT for only ten minutes led to a peak frequency shift within the EEG alpha

band (8-13 Hz) in occipital regions by increasing the power of faster oscilla-

tions within this frequency range.

Similar to the correlational studies, the simulation experiments were also af-

fected by different methodological problems. The artificially produced sferics

signals varied greatly with regard to their amplitude and stimulus shape. Often
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square or sinusoidal impulses were used which are very different from the

shape of natural sferics (see Figure 2). For the majority of experiments, only

electric fields were applied, which cannot be considered to accurately repre-

sent the natural environment in which sferics are experienced, as most people

spend the majority of time indoors, where the electrical component cannot

penetrate. Therefore, it seems more likely that the magnetic field of atmos-

pherics is biologically effective, which has hardly been studied.

Therefore, our research group conducted a series of experiments to examine

whether the magnetic component of a sferics impulse is able to affect the

human organism (Schienle et al., 1996; Schienle et al., 1997; Schienle et al.,
1998). For the simulation, a 10 kHz sferics signal with a duration of 500 m s
was chosen (see Figure 2) and applied with a newly constructed atmospherics

impulse generator with which previously recorded natural sferics can be pre-

cisely reproduced (Kulzer, 1994). The magnetic component of the applied sig-

nal had an amplitude of 50 nT (peak value), which is typical for a thunderstorm

in close vicinity (< 100 km). The stimulus was applied with a pulse repetition

frequency varying randomly between 7 and 20 Hz, representing intense thun-

derstorm activity. The electrical component of the sferics impulse was shield-

ed, and therefore had no effect on the subjects.

As a dependent physiological variable to examine the biological effective-

ness of VLF-atmospherics, the EEG was selected because in other investiga-

tions sferics activity had been associated with changes in complex behavior

(Laaber, 1987), pain perception (Ludwig, 1973; Pelz & Swantes, 1986; Reiter,

1960), and the arousal level of organisms (Ludwig & Mecke, 1968), which

would indicate that this signal possibly acts upon t he central nervous system,

Fig. 2. Simulated 10 kHz-sferics impulse with a duration of 500 m s and a magnetic flux density of
50 nT (peak value).



on cortical or subcortical structures. Furthermore, brain electrical processes
had been influenced by the application of 10 kHz sferics impulses as in the

study by Tirsch et al. (1994).

In our first study (Schienle et al., 1996), 52 subjects were exposed to the de-

scribed 10 kHz-sferics signal for 10 minutes. Their electrocortical background

activity within this time interval was compared to a 10-minute control period

without sferics simulation. This was done at six electrode sites in right and left

frontal, parietal and occipital regions (F3/F4; P3/P4; O1/O2). The exposure

provoked a significant decrease in EEG alpha power (8-13 Hz) in parietal and

occipital regions compared with the control condition. However, response dif-

ferences were found between subjects who underwent the sferics condition

first in comparison to subjects who had started the experiment with the control

condition. Whereas the first group displayed a decrease in alpha power under

treatment, the second group showed a tendency in the opposite direction. As a

possible explanation for this sequence effect, it was hypothesized that a de-

layed or prolonged sferics effect could have caused the different response pat-

terns. Assuming that after the termination of the treatment, sferics influence

continued to be present in the form of a further power increase, this response

would have been incorrectly interpreted as a sferics-induced power reduction.

This hypothesis was examined in a second experiment (Schienle et al.,
1997). Here, the EEG registration was continued after the end of exposure in

order to detect possible prolonged effects. The 40 subjects participating in the

experiment had been divided into two groups. The experimental group under-

went a 10-minute baseline period, followed by 10 minutes of sferics stimula-

tion, and subsequently, 20 minutes without sferics application. The control

group underwent 40 minutes without sferics stimulation. As in the first experi-

ment, groups were compared with regard to their spectral power in the differ-

ent frequency bands of the EEG at six electrode sites (F3/F4; P3/P4; O1/O2).

The results showed that sferics exposure provoked increases in alpha power

at all registered electrode sites with the exception of the left parietal region.

Furthermore, an enhancement in beta power (14-30 Hz) was demonstrated,

which was restricted to the right hemisphere. The effect was present during

simulation and continued to be present until 10 minutes after the end of treat-

ment.

In order to replicate this finding, a third experiment was conducted (Schien-

le et al., 1998). Thirty-two women suffering from migraine attacks or tension-

type headaches, who characterized themselves as weather-sensitive, under-

went the same procedure as the subjects in the previous study. Half of the

females were exposed to sferics, whereas the other half formed the control

group. Again, the exposure provoked increases in alpha power at all electrodes

(F3/F4; P3/P4; O1/O2) as well as enhancements in beta power, which were re-

stricted to parietal and occipital regions. Once more, a prolonged sferics effect

could be identified. Subjects of the experimental group were still on an in-

creased alpha power level at parietal regions 20 minutes after the end of 
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exposure. However, the stimulation did not induce headache symptoms, which

is in line with previous results (Schienle et al., 1996), demonstrating that the

short-term sferics exposure was not consciously perceivable or able to elicit

changes in the emotional and somatic well-being of the subjects.

2.3 Individual Differences in Sferics Responsivity

In addition to the concern within sferics research to describe biological ef-

fects induced by this stimulus, a further approach aimed at demonstrating indi-

vidual differences in sferics responsivity. This differential approach was based

on the hypothesis that certain constitutional factors are connected with an in-

creased or decreased sensitivity towards sferics and therefore can act as media-

tors of sferics effectiveness. A concept often referred to in this context but

hardly investigated is weather sensitivity. It is defined as the enhanced reactiv-

ity toward variations in atmospheric parameters such as humidity, pressure,

temperature, etc. (Pschyrembel, 1990). Common symptoms are fatigue, nega-

tive mood, decreased work motivation and headaches. The high prevalence of

weather sensitivity, which has been estimated at 30 per cent in mid-European

countries (Faust, 1973), underlines the importance of studying the still un-

known origin of this syndrome. 

It was Reiter (1960) who hypothesized that the organisms’  sensitivity to

sferics could be the basis for weather sensitivity. He had observed that differ-

ent patient groups displayed pain symptoms one or two days before an upcom-

ing weather change when there were no visible signs for this change but sferics

activity had already increased. In accordance with this hypothesis are the ob-

servations by Sulman et al. (1976), who noticed an increased occurrence of

weather sensitivity symptoms during enhanced sferics activity in the 10 kHz

band (unfortunately no statistical analyses are reported). Besides that, a further

indication for a differential sferics effectiveness can be deduced from the re-

sults of Jacobi et al. (1981), and Ludwig and Mecke (1968), who discovered

that subjects responded more strongly to the simulation of sferics-similar sig-

nals when they were emotionally or vegetatively labile.

Since these results are not sufficient to judge the significance of the weather

sensitivity concept for sferics reactivity, this aspect was also covered within

our series of experiments. In all studies, subjects filled in a weather symptom

list (WSL). This measure was formed by data reported by Faust (1973), who

had asked 778 adults for common emotional and somatic weather reactivity

symptoms. The most frequently named 25 complaints were included in the

WSL.

It could be shown (Schienle et al., 1997), that subjects’  electrocortical re-

sponse towards sferics was dependent upon their degree of weather sensitivi-

ty. High scorers on the WSL displayed an alpha power increase that exceeded

the stimulation period by 20 minutes until the end of registration, whereas low

scorers displayed only minor power changes throughout the experiment (Fig-

ure 3). This process was most pronounced in a specific sub-band of the alpha



band with frequencies between 11 and 13 Hz. Similar sferics-induced changes
in alpha power were displayed by subjects with a high degree of neuroticism

and somatic complaints. These traits showed highly positive corrrelations 

(r » .70) with the weather sensitivity dimension.

Comparable responses to the sferics simulation were displayed by women

suffering from migraine attacks and tension-type headaches, who had charac-

terized themselves as being weather sensitive (Schienle et al., 1998). This

group which reported that specific weather conditions (e.g. sudden tempera-

ture changes, upcoming thunderstorms) act as triggers for their pain also

showed a prolonged alpha power enhancement to the exposure, which was pre-

sent in parietal regions.

3. Explanatory Approaches and Future Research

In the majority of studies analyzing the biological effectiveness of VLF-at-

mospherics in humans, positive results have been obtained. Although some of

the investigations were not free of methodological flaws, the amount of data 

gathered within this area strongly supports the idea that sferics indeed can in-

fluence the human body. The repeated demonstration of electrocortical effects

induced by an accurately reproduced magnetic component of a 10 kHz-sferics

impulse further underlines the physiological significance of this atmospheric

parameter.

Considering the extremely low amplitude and short duration of sferics im-

pulses, the ability of this signal to evoke changes in living organisms is surpris-

ing and remarkable at the same time, as we are exposed to electromagnetic

fields of much higher intensities on a daily basis, e.g. from technological
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sensitivity questionnaire (upper and lower third) at electrode O2 (note : the gray block in-
dicates sferics exposure).
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sources. Electric appliances and tools such as computers and TV-screens,

heating blankets, or soldering irons produce magnetic field strengths of some

microTeslas when we touch them or are in proximity. In comparison, the am-

plitudes of typical VLF-atmospherics are in the nanoTesla range and thus, only

a fraction of the described technically generated fields which are considered to

have no significant bioeffects (Polk & Postow, 1995).

Thus, questions are provoked as to why sferics could be biologically effec-

tive despite their low amplitude and how this influence could be transmitted to

the organism. A possible explanation is provided by the concept of ª biological

windows,º  which states that organisms are characterized by different sensitiv-

ities to specific frequencies as well amplitudes within the electromagnetic

spectrum. With regard to frequency windows, it could be shown that organ-

isms are susceptible to ELF-fields or ELF-pulsed fields (1-300 Hz), especially

when the signal frequencies correspond to brain wave frequencies (Postow &

Swicord, 1995).

With regard to investigations on humans, it was demonstrated that these

types of stimuli were able to change the electrocortical activity in a way very

similar to the effects observed in the sferics simulation studies. In an experi-

ment by von Klitzing (1993), subjects were exposed to a 150 MHz signal of

low amplitude (1 m W/cm2) which was pulsed with a frequency varying be-
tween 8 and 10 Hz. A stimulation for 15 minutes provoked an increase in EEG

alpha activity. By using a 150 MHz signal with an intensity of 100 nT and a

pulse frequency of 217 Hz, 10 Hz oscillations were also enhanced (von Klitz-

ing, 1995). In both cases, the effect extended the stimulation period for some

minutes. Increases in alpha activity were also observed in a study by Caccia

and Castelpietra (1985), who applied a 2.2 mT field for 20 minutes. The signal

repetition frequency was variable with an average at 50 Hz. Lyskov et al.
(1993) revealed a significant increase in alpha as well as beta power by expos-

ing subjects to an intermittent (1s on/off) sinusoidal 45 Hz signal with an am-

plitude of 1.26 mT for 15 minutes. A single case study by Sandyk and Derpa-

pas (1993) showed that minimal field intensities can be sufficient to induce

changes in electrocortical activity. A patient suffering from Parkinson’ s 

disease was exposed to a 7.5 picoTesla-field pulsed with 5 Hz. The repeated

stimulation for 10 minutes led to an increase in alpha and beta power.

As these investigations illustrate, humans are able to respond to weak ELF-

and ELF-pulsed magnetic fields with changes in brain electrical activity. The

exposure provoked temporary alpha and beta power enhancements, a result

that is in line with the observed electrocortical effects induced by VLF-sferics,

which also can be viewed as ELF-pulsed signals.

But why should living organisms including humans display an increased

sensitivity towards signals within the ELF-frequency range? König et al.
(1981) take an evolutionary approach in their review of biological effects of

environmental electromagnetism. The authors point out that organisms have

been exposed to a variety of electromagnetic energies during evolution. The



period when life began to evolve on earth was characterized by severe thun-
derstorm activity, when atmospherics occurred in great frequency and with

great intensity. Consequently, the organism may have adapted to this type of

electromagnetic phenomenon as it did to other electromagnetic energies such

as visible light. 

An indication for such an adaptation could be seen in the existence of brain-

electrical activity. As König et al. (1981) point out, ELF-sferics such as the 10

Hz-Schumann oscillations are phenotypically very similar to the spontaneous

alpha rhythm within the EEG of humans. The authors even go further in stat-

ing that the conditions under which both signals typically occur are also alike.

Schumann resonances are observed primarily during fair weather conditions, a

state that corresponds to the relaxed mental state associated with the presence

of alpha waves in the EEG. Although this comparison seems to be oversimpli-

fied, there are other findings which could support the idea that Schumann res-

onances act as internal rhythm generators. Wever (1968) exposed subjects

who stayed in a shielded underground bunker for at least one week to 10 Hz

square impulses with an electric field intensity of 2.5 V/m, which should re-

semble ELF-sferics. In comparison to a control period without stimulation, the

circadian body temperature rhythm was significantly shorter under the field

condition (25.1 vs. 26.4 h). Wever (1968) concluded that ELF-sferics could

act as a pacemaker that stabilizes circadian physiological rhythms. 

VLF-sferics on the other hand could have a different biological meaning

since their occurrence is more irregular and indicates thunderstorm activity at

a closer distance. An increased rate of this signal type supplies information

that within the next day or within the next hours the weather will change. By

taking up an evolutionary point of view again, it can be speculated that in ear-

lier times, this information was of critical importance for survival. The recog-

nition of sferics as a warning stimulus for storms could have made it possible

to foresee, and subsequently seek shelter fr om dangerous weather conditions.

Following this hypothesis, sferics could have a twofold biological signifi-

cance. ELF-sferics, which indicate global thunderstorm activity, have a stabi-

lizing influence on physiological rhythms, whereas VLF-sferics provoke star-

tle or preparatory responses. It is not clear yet if the observed electrocortical

changes under the influence of VLF-sferics can be considered as such a re-

sponse. However, temporary alpha power enhancements have been found to be

associated with states of emotional distress (Andresen, 1993) and preparation

for motor actions (Shaw, 1996).

Although the described models and approaches trying to explain the biolog-

ical changes induced by sferics are plausible, they are too non-specific regard-

ing the underlying mechanisms for such an influence. In order to obtain more

information concerning this point it is interesting to look at results obtained

through in vitro studies analyzing the bioeffects of ELF and ELF-pulsed fields.

The findings of these investigations point to the cell membrane and ionic con-

trol mechanisms as interfaces for the transmission of electromagnetic signals.
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Here, it was demonstrated that such fields are able to affect calcium-ion fluxes

across cell membranes (e.g. Bawin & Adey, 1976). Again, the observed

changes were most pronounced when the applied frequencies were in the EEG

range (5-20 Hz). 

In order to explain the induced ion movements under the influence of weak

magnetic fields in the low frequency range, which cannot be traced back to

thermal effects or the induction of biologically effective currents, a model

such as the cyclotron resonance model (Liboff, 1985) can help us to under-

stand the observed effects. This approach states that an ELF magnetic field can

provoke an ion movement when its frequency corresponds to the resonance

frequency of the ion. Under the presence of a static magnetic field with an am-

plitude similar to that of the geomagnetic field ( » 50 m T), the resonance fre-

quencies of physiologically important ions such as Na +, K+, Mg++ and Ca++ are

in the ELF-frequency range. Since ion exchange processes through cell mem-

branes play a crucial role for the signal transmission in the central nervous sys-

tem, these observations could be also useful for the understanding of the ob-

served electrocortical sferics effects.

Nonetheless, many questions still remain unanswered, e.g. the question con-

cerning the signal components of sferics which hold the biological informa-

tion. Besides the pulse repetition rate that could affect physiological process-

es, other signal characteristics such as waveform, amplitude, frequency, and

duration of exposure are possible mediators of bioeffects. Further, models

need to be developed that can explain why some subjects are more sensitive to

VLF-sferics than others. Up until now, we cannot say if the prolonged alpha

power increase displayed by emotionally and somatically labile individuals is

a component or an initial phase leading to weather sensitivity complaints,

since the stimulation did not induce immediate changes in the subjects’  well-

being. Nevertheless, the results imply a possible somatic basis for weather

sensitivity, which should no longer be subsumed under the heading hypochon-

dria.

In summary, the findings of biologically oriented sferics investigations

imply that the human organism is more sensitive toward weak magnetic influ-

ences in the low frequency range than was previously assumed. This encour-

ages further research within the field in order to identify the extent of in-

ducible bioeffects as well as their underlying mechanisms.
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