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Abstract 

Atmospheric moisture plugs a near-surface pore space. Evaporating moisture increases neutral condensation nucleus 

density in the surface air that leads to an increase in the atmospheric electric field. Industrial use of confined waters 

minimizes the atmosphere-soil air exchangeand an increase in the atmospheric electric field. The change in perched 

water levels, including variations in atmospheric pressure controls the soil radon exhalation. The pressure drop by 

thousandths will increase the exhalation of soil radon by more than an order of magnitude. The vertical conductance 

current can be compared with precipitation currents in the powerful negative fields of a cumulonimbus cloud. 
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Introduction 

     The space charge of the surface air is due to the origin 
of ionization by exhaling soil radon [1-3]. The high 
molecular weight of radon Rn222 makes its isolated sub 
vertical migration not possible. Traditionally, the transfer 
of the ionizer is believed to happen due to bubble 
formations of all volatile gases and water vapour [4-6]. 
The recent experimental results indicate the only 
possibility of ionizer transport by hydrogen and methane 
[7,8]. These bubbles of the two volatile gases exhale radon 
to the near-surface layers of the soil and to the 
atmosphere by the soil space from a depth of 4-6 m. In the 
ionization cycle a pair of light ions is produced, which 
determines the polar conductivities of atmospheric air; 
recombination of light ions with neutral condensation 
nuclei leads to the formation of heavy ions, which 
determine the atmospheric electric field (AEF). 
Atmospheric moisture (precipitation, dew) will plug the 
near-surface pore space, thereby preventing radon 
transport into the atmosphere. 

     The dynamics of aquifers primarily perched and 
ground water will control the soil-atmosphere air 
exchange process. Raising aquifer levels will extrude the 
soil air, including soil radon, into the atmosphere; 
declining levels will cause the reverse effects. 
 
     Let us consider a series of experimental studies 
illustrating the effect of atmospheric moisture and 
aquifers on the exhalation of soil radon on elements of 
surface atmospheric electricity. 
 

The Influence of Atmospheric Moisture on 
the Surface Atmospheric Electricity 

During the field research performed in the Stavropol 
Territory in June 2005, the stability of the AEF was 
monitored. The climate of the Stavropol Territory allowed 
for observations in 'good weather' conditions [9,10], 
when a parameter to be monitored was just slightly 
varying. However, according to the practice total 
calmness and the absence of clouds do not always provide 
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a local weak meteorological effect on AEF diurnal 
variations, Figure 1. 
 
     In the time interval of 10h32m-11h07m, June 09, 
2005,a stationary gauss meter has recorded an intense 
field outburst observed between the counts 10h34m – 
10h54m.The average background level of the field is ~ 90 
V/m, the maximum amplitude of the burst is ~ 150 V/m. 
To demonstrate normal background variation of the field 
at a stationary observation point, the plot is provided in 
two scales, large-scale E (z) and small-scale E1 (z). 

 

 

Figure 1: Field outburst according to indications of a 
gauss meter at a stationary point on June 09, 2005.  
     
     The cause of the observed changes in the field was the 
solar warming of the underlying surface, which caused 
evaporation of the dew and moisture accumulated 
overnight in the pore space. On the one hand, this process 
led to the injection of neutral condensation nuclei, which 
caused the recorded changes in the field. On the other 
hand, it caused the full opening of near-surface pores that 
increased exhalation of the soil radon. In the records of 
volumetric activity of atmospheric radon, signal growth 
was also recorded during this period. No noticeable 
changes in the volumetric activity of soil radon were 
observed. According to statistical data, the soil radon 
content is as high as two orders of magnitude greater than 
the atmospheric radon content [11,12]. 
 
     The process of evaporation in the atmosphere is 
characterized by relative humidity [13]. The relationship 
between these parameters can be found in [14,15], 
representing a vast statistical material (7 to 45 
equilibrations per each pair of parameters) of 
synchronous measurements of the relative humidity, q, 
and the volumetric activity of atmospheric radon, Rn(a). 
In the range of relative humidity of 20-90% and 
volumetric activity of the atmospheric radon of 1.1-4.1 
Bq/l, the relation of these parameters is given by the 

equation Rn(a) = 0.87*exp (0.018q) [Bq/l] with the 
confidence D = 0.91, where the relative humidity values 
are normalized to 1%. 
 
     Figure 2 gives an additional illustration of the 
relationship between the relative air humidity and the 
elements of surface atmospheric electricity. Here, daily 
variations of the vertical conduction current (VCC), j, and 
the relative air humidity, q, recorded in Turkmenistan 
[j(T)] and in Belarus [j(B)] are shown. The correlation 
coefficients of diurnal VCC variations and the relative air 
humidity are rather high: k [j(B),q] = 0.96 and k[j(T),q] = 
0.92. It should be noted that relative humidity was not 
monitored at the point of current measurement. Relative 
air humidity data was taken at the nearest meteorological 
stations, which were 20-30 km distant from the points of 
atmospheric-electrical observations. 
 

 
 

 

Figure 2: Examples of diurnal variations in the relative air 
humidity, q, and vertical conduction current in the surface 
atmosphere in Belarus [j (B)] and in Turkmenistan [j (T)].      
 
     Let us consider one more example of the relationships 
between VCC and evaporation processes in the 
atmosphere. Figure 3 shows the results of VCC 
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observations, j(18.10)-j(21.10), recorded by a differential 
passive antenna [21] for time intervals of 02h–12h. 
 
     The instrument was installed in the foothills, in the 
fault zone above the stony river bed, dry by autumn, near 
the city of Zaqatala, Azerbaijan. The fault zone and the 
narrow river canyon is the reason for negative 
background current values of 19-21.10.83. 
 

 
Figure 3: Variations of VCC in the time interval 02h - 12h 
on 18-21.10.83. The observation results near the city of 
Zaqatala, Azerbaijan. 
 
     For several days until 18.10.83, continuous rainstorms 
occurred. Since the night of 18.10, the weather has 
changed dramatically: it became warmer, the sky cleared 
from clouds and in the following day’s clear sunny 
weather established. According to the records in Figure 3, 
since 2 am, 18.10, a sharp increase in the recorded signal 
was observed and reached its maximum at about 08:30 
am - at the time when the surface beneath the antenna 
was completely heated up by the sun, j(18.10). The same 
maximum repeated on 19.10.83 and 20.10.83, but had a 
shorter duration and lower amplitude: j(19.10), j(20.10). 
The record made on 21.10 provided no maximum at all, 
j(21.10). 
 
     The result observed is a consequence of moisture 
evaporation that has accumulated in the soil during the 
time of rainstorms. A sharp warming up happened on 
18.10.83 stimulated an intensive evaporation of 
accumulated water into the atmosphere. The natural 
maximum of current occurs at the moment of complete 
heating the underlying surface beneath the instrument up 
by solar radiation. The process of evaporation of 
accumulated moisture was repeated for 3 days and 
stopped on October 21, when moisture accumulated 
during the rainstorms completely evaporated. 
 
 
 

Dynamics of Aquifers and Atmospheric 
Electricity 

     Below the data of the AEF profile observations over the 
cone of depression of the urban intake station in 
Svetlogorsk (Belarus) [8]. The measurements were 
carried out using stationary and mobile gauss meters 
'Field-2'. The stationary instrument was continuously 
operated at the control point, at the Uznozh test site. The 
mobile instrument was installed on a roof of UAZ-452 
vehicle (the height of measuring plates was about 2.3m 
above the ground) and was used to control the AEF on 
Uznozh ‑ Svetlogorsk highway. Figure 4 shows field 
variations on 17.2-km long profile recorded at the 
background signal level in the control point at the Uznozh 
of about 90V/m. Attention is drawn to peak amplitudes of 
the field in the immediate vicinity of the intake station ‑
picket 5 of the observational profile, 2.4km from its 
beginning. Morning, day and evening values reached 400, 
900, and 600V/m, respectively. The reason is the cone of 
depression in the aquifer during the intake and extended 
in the Svetlogorsk-Uznozh direction. The depression 
created by water intake minimizes the atmosphere-soil 
air exchange, which ultimately leads to a decrease in soil 
radon exhalation and, consequently, to recorded high field 
values¾the classical electrode effect [8,16]. 
 

 
Figure 4: Spatial AEF variations on Svetlogorsk‑Uznozh 
highway over the urban water intake zone. 
     
     In May 1987, in the territory of the Uznozh testing area, 
monitoring measurements of AEF [E(t)], VCC [j(t)], and 
water level [z(t)] in the observation well were performed. 
Figure 5 shows the record of AEF, VCC, and water level on 
May 21 from 17h31m till 18h03m, while a cumulonimbus 
cloud with no precipitation was passing over the testing 
area. In this time interval, AEF changed its sign and fell 
slightly below the detection limit of the instrument, -
5,000V/m, so it was recovered with confidence D = 0.99 
as a function of the VCC with the confidence D = 0.99. 
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Figure 5: Variations of AEF -E(t), VCC -j (t) and water level 
in observation well - z(t) during a cumulonimbus cloud. 
 
Similar result was observed in the period of 01h00m ‑ 
14h00m, May 29, 1987, with a drizzling rain¾Figure 6. 
The only difference is that, in this case, AEF varied from 
zero to -400V/m in different directions, and its variations 
in antiphase corresponded to changes in the water level 
in the observation well. 
 
 

 
 

 

 

 

Figure 6: Variations of AEF -E(t), VCC -j(t) and water level 
in the observation well z(t) in weak negative fields. 
 
     Recording of the vertical conduction current j(t) surely 
repeated the variations of AEF; the correlation 
coefficients between the field and the current in the cases 
under consideration are sufficiently large: k(j,E)cloud = 
0.91, k(j,E)drizzle = 0.74. Unfortunately, VCC was registered 
in relative units. However, the relative variations of the 
current during the passage of a thunderstorm cloud, with 
a drizzle, as well as changes in the water level in the 
observation well are very close to each other - Figure 5&6. 
 
     To explain the reasons for correlation of 
hydrogeological and atmospheric electrical processes, let 
us turn our attention to the concept of barometric 
efficiency [17, 18]. With increasing atmospheric pressure, 
the level of aquifers and flow rates of sources decrease, 
and with its decrease they rise. Barometric efficiency is 
considered as a parameter of the aquifer, characterizing 
its elastic properties and the degree of isolation from the 
atmosphere. The maximum level changes caused by 
variations in atmospheric pressure will be observed in 
perched water and groundwater, directly related to the 
atmosphere ~ 8 mm / hPa. In view of the isolation of the 
confined water from the atmosphere, changes in their 
levels are much less than ~ 2 mm / hPa. 
 
     In observations made on May 21 and 29, 1987, the 
confined water level was monitored, and its oscillations 
were ~ 3 mm. This means that during both in case of the 
cumulonimbus cloud and the drizzle, the atmospheric 
pressure varied within 1.5hPa, which is typical of such a 
meteorological situation [2,13]. 
 
     On the one hand, the rise in the level of aquifers 
replaces the soil air, i.e., promotes the release of carrier 
gases and ionizers into the atmosphere. On the other 
hand, the very process of raising the level sets in motion 
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the soil air in the covering rocks, intensifying the 
exhalation of soil radon, as in the case of the presence of 
microvibrations in the ground [19,8]. In the examples 
considered, this process is not related to the rise in the 
level of the confined water, but to the elevation of perched 
water - the water level in the nearby pond was ~ 0.8 m. 
 
     The link between the increase in the water level and 
the change of electrical characteristics of the surface air 
with variations in atmospheric pressure is exhaling soil 
radon. Let us discuss an experiment carried out on a filled 
soil cushion 0.6-0.8m thick in a waterlogged area using 
two radon sensors ¾ samples of the soil and atmospheric 
air were taken simultaneously. When a cumulonimbus 
cloud appeared at the horizon, at intervals of 20 minutes, 
three measurements of the volumetric activity of the soil 
radon, atmosphere and AEF were taken. With a change in 
the field from 312V/m to -1,180V/m and -7,500V/m, the 
volumetric activity of the soil radon increased by 17.3 
times, and the atmospheric radon activity increased by 
15.3 times. 
 
     Turning back to Figure 5, let us estimate the VCC value 
at its minimum. Prior to AEF decline to negative values, 
the field level varied within 90-110V/m. This means that 
at the minimum of VCC, the increase in the high-
temperature superconductivity modulus due to the field 
has reached a value of ~50. An increase in polar 
conductivity at the field minimum is equal to the increase 
in the volumetric activity of the atmospheric radon before 
the thunderstorm by ~ 15.3 times (see above). Assuming 
that the background values of the VCC are at the world 
average level of (2-3)*10-12A/m2, we obtain the 
magnitude of the current modulus at the field minimum |j 
min| = (1.5-2.3)*10-9A/m2 [20]. 
 
     As follows from Figures 5&6, relative VCC variations in 
the first and second cases of observations are comparable. 
Historically, precipitation currents are estimated by the 
magnitude 10-9-10-8A/m2 [21, 13] that agrees with the 
results of |j min| estimate. 
 

Conclusion 

     As follows from the given materials of the field 
observations, depositing on the ground, the atmospheric 
moisture plugs the near-surface pore space. With 
increasing air temperature, including as a result of solar 
heating, evaporation begins. Pores open and exhalation of 
the soil radon increases. Evaporating water increases the 
density of neutral condensation nuclei in the surface air 
that increases inevitably the atmospheric electric field.  

Industrial use of confined waters minimizes the 
atmosphere-soil air exchange. As a result, the exhalation 
of the soil radon into the atmosphere decreases that 
increases inevitably the atmospheric electric field. 
  
     The strongest effect on the change in elements of 
surface atmospheric electricity is caused by changes in 
the levels of perched water and groundwater, including 
variations in atmospheric pressure. Initial pressure falling 
by several hPa will increase exhalation of the soil radon 
by more than an order of magnitude. As a result, in strong 
negative fields of a cumulonimbus cloud, the vertical 
conduction current becomes comparable to the 
precipitation currents. 
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