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Introduction 
It is known that in periods of lightning activity local values of undercloud electric fields on the surface 

of the Earth rises to 103-104 V/m or more [1]. In particular, under the stormy clouds of a thunderstorm 
cell, carrying an electrical charge 5 C located at an altitude of 1 km above the Earth's surface, an electric 
field of the order of 4.5⋅104 V/m is realized, and in abnormal conditions on the charge of thunderstorm 
cell, this value can be several times greater, even characterized by glow of surface of grass [1-4]. With 
development of gas discharges at abnormal electrical fields is possible ignition of natural organic 
materials – vapors of heavy esters and components of organic hydrocarbon decomposition.  

Strong electric fields can be realized as a result of tectonic processes in the surface layer, with the 
corresponding processes of ionization and charging of various objects, including trees and foliage. 
Namely gas discharges from sharpened objects, at which high electrical voltage can be realized [2], can 
ignite rising vapors and streams of organic components. Under normal atmospheric conditions the 
average concentration of the charged particles (ions) in air is about of 103 cm-3 at the rate of the 
ionization by the fast particles of the atmospheric background Q=4-10 cm-3⋅s-1[3]. This rate increases 
with the geotectonic activity, and near the humid surfaces of mountain it reaches the value of 0.6 C⋅m-

3s-1 [3] or Q≈4⋅1012cm-3⋅s-1 (and this effect still requires explanation). Presence of high frequency electric 
fields influencing the environment was also observed in nature under the conditions of geotectonic 
activity [5-6]. A realization of high ionization rate was connected with appearance of the Hessdallen 
lights near mountains in Norway [4], Fig.1.  

 

 
a)                                    b) 

Fig.1 a,b.  Leif Havik, Hessdalen 1982. February 12, 5.53 pm. Litlfjellet towards Hessdalen. The 
north part of Aspaskkolen.  

 
Both the thunderstorm electric fields and geotectonic activity are realized over relatively long time 

(hours) and spatial (meters) scale. Strong ionization, heating and ignition can also occur in case of local 
enhancement of the electric field at the pointed objects [7]. 

Studies of anomalous ionization of air during periods of tectonic activity are of interest for solving 
problems of early diagnostics of seismic activity from the ionosphere [5]. Before earthquakes, an 
increase in the ionization intensity by fast particles is observed to a level corresponding to the rate of 
production of electron-ion pairs Q = 103 cm-3s-1 [2], and a luminescence in the region of geological 
faults. This luminescence can arise due to the appearance of plasma in the vicinity of small particles 
and sharpened natural objects [7,8], caused by an increase in the local value of the electric field 
strength at the surface to breakdown values (28 -30 kV/cm at 760 mm Hg atmospheric pressure and 
ambient temperature 290 K). According to [3-4], during periods of tectonic activity, the average value 
of the electric field strength on the Earth's surface rises from 1 V/cm under normal conditions to 10-
100 V/cm and higher [5-6]. At appearance of luminescence due to local field increase up to breakdown 
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values it is possible to estimate [7] the average electric field strength near faults as of the order of 3-5 
kV/cm. 

The average concentration of charged particles (ions) under normal atmosphere conditions is a 
value of the order of 103 cm [2]. Under conditions of geotectonic activity, it increases, and creates 
favorable conditions for the formation of cluster ions. In turn, cluster ions are the centers of 
condensation of water molecules and formation of droplets, which affects the meteorological 
characteristics of moist air. Such droplet formation provides remote diagnostics of ionization processes 
at the Earth's surface. 

 
Plasma Chemistry of Humid Air  

For investigation of humid air discharge chemical kinetics we applied our detailed plasma chemical code 
developed in [8,9]. It contains air chemistry and electron-molecule reactions in external electric field in 
air taken from [9,10] and water [9,11]. The plasmas in humid air at this stage of modeling include only 
water molecules in the gas phase without large aerosol particles. At the modeling we use reactions with 
participation of 27 air plasma component and 23 reagents comprising hydrogen, including: positive ions 
О+, O2+, O4+, O6+, O8+, Н+, Н2+, OH+, НО2+, H2O+, О2+(Н2О), Н3О+, Н3О+(Н2О), Н3О+(ОН), Н3О+(Н2О)2, 
Н+(Н2О)2, Н+(Н2О)3, Н+(Н2О)4  negative ions О-, О2-, О3-, О2-(Н2О),  О2-(Н2О)2, Н-, ОH-, atoms О and 

Н, molecules Н2, О2, Н2О, О3, free radicals ОН, НО2, Н2О2, excited states O(1D1), O(1S0), ( )1

2 g
O Δ , 
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2
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+
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2
N X

g

+

Σ ,  electrons and molecular species including nitrogen from the 

system of reactions developed by us for dry air. The estimate number of reactions for dry air is 200 and 
250 for components of humid air comprising hydrogen. We also considered reactions of ion 
recombination of each positive ion with each negative ion, and rate constants for these reactions were 
estimated, since these reactions are not investigated yet for all ion combinations. The model includes 
reactions of three-body attachment to the molecule O2 at presence of O2 and Н2О as the third body, 
detachment of electrons from O- and O2- charge – exchange and ion-ion recombination with all the 
positive ions as it in detail presented in [9]. We accounted the plasma electron cooling due to elastic 
collisions with water, oxygen and nitrogen molecules, and excitation of their vibrational and rotational 
levels of freedom. At that it is supposed that de-excitation of vibrational and rotational levels takes place 
mainly during the collisions with molecules. The corresponding heating and cooling terms for the 
electron energy equations were interpolated with respect to electron temperature Te. We also took into 
account gas heating and cooling in exothermic and endothermic plasma chemical reactions, and Joule 
heating. The plasma is considered the ideal gas with the adiabatic exponent of 1.4. Results were 
obtained at condition of constant density, which is true for large scales. In case of a humid air the 
concentration portion of the water vapor is 1%. 

The power input W (a velocity of air ionization by fast electrons) in the gas by the fast electrons 
we usually use in eV/(cm3 s) units, and a velocity of the molecule excitation Q is connected by the 
equation [6] Q=W/(Ui), where Ui is the ionization cost, in air it is Ui = 31.6 eV. Ionization and excitation 
of molecules by fast electrons are taken from [9]. 

 
Results of calculations 
I. In Fig. 1 one can see results of calculations for dry air at an electric field strength of E = 1 

V/cm (for energy input Q = 4 and 100 cm -3 s-1. (Concentrations of negative and positive ions in ordinary 
background excitation Q = 4, cm -3 s-1 reach 103, cm -3).) With an increased energy input Q = 100 cm -3 

s-1 achieved under geotectonic conditions, the concentration of air plasma (negative and positive ions) 
increases by an order of magnitude to 104 cm-3, while the main ions are the same O2_ and NO+ ions. 
The other positive ions Air make an essential contribution to the charge balance at the initial stage of 
the output to the quasistationary background state. The anomalous value of the external electric field (E 
= 4 kV/cm) with the rates of the fast particles Q under consideration reduces by two orders of magnitude 
the time of positive NO + ions concentration coming to the quasi-stationary value. NO + ions reach 
quasistationary value of 1.6⋅104 cm-3 for 102 s (1.67 min), and at usual background value of electric field 
strength the time of coming to quasi-stationary exceeds 104 s (165 min). Thus, in the case of optical 
diagnostics, the perturbations of the atmosphere with an anomalous field will be detected much earlier. 
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Fig.2. Time dependence of charged particle concentrations in dry air at Q = 100 cm-3  s-1 at two 
electric field strengths: a-E = 1 V/cm (upper), b-Е = 4 kV/cm (lower). 
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Fig.2. Time dependence of charged particle concentrations in humid air. Water molecules 
concentration 0.1%, Electric field strength Е = 1 V/cm. Q=4, 100 cm-3  s-1. 

The situation changes significantly when we are considering humid air with a concentration of water 
molecules 0.1%. Results of the corresponding calculations are shown in Fig. 2 for an ordinary 
background field E = 1 V/cm for two values of the fast-particle flux power Q=4 and 100 cm-3s-1. 

Quasistationary values of plasma concentration practically do not change in comparison with those 
obtained in calculations for dry air. The main particles in charge balance are cluster ions with water 
molecules in their composition. Cluster ions are centers for the condensation of water vapor, which plays 
a major role in remote diagnostics. 

With the anomalous electric field, the graphs in the charge balance practically coincide with those 
shown in Fig. 2 for ordinary background field. The same is applied to the balance of charges with 
increased concentration of water molecules equal to 1% in the air mixture. 

II. In Fig.3-6, one can see results for air heating at different conditions.  
It can be seen in Fig.3a) that the ionization at long time scales has several modes: a prebreakdown 

mode, an intermediate mode and the fast ionization mode with gas heating. The prebreakdown 
ionization mode ensured by fast electrons of the background takes place at low external electric fields; 
here the attachment processes (three-body and the dissociative) decrease the electron concentration. 
At long time the heating of the volume takes place, see Fig.3b): the attachment of electrons stops at 
high temperature and the fast ionization takes place. At high values of the external electric field we see 
three ionization modes. The prebreakdown ionization mode takes place at low gas temperature (see Fig 
3a and 3b); the intermediate ionization mode takes place at slow rise of the temperature, where the 
electron attachment to molecules of oxygen decrease  the electron concentration and plasma is 
electronegative with domination of ions at concentrations 108-1010 cm-3; then the rapid heating takes 
place and the electron concentration begins to rapidly rise – it means that the attachment processes are 
stopped at high temperature. The horizontal parts of the curves in the Fig. 3 a), b) after finishing of the 
fast ionization with gas heating mode correspond to establishing of the quasy-equilibrium state in the 
thermal balance accompanied by the electron balance during time of thermal conductivity or gas 
expansion cooling. The latter processes can be accounted only in complex gas dynamic model. High 
gas temperatures (T~2500K) at respectively short time (t< 103s) can be realized at E>13kV/cm. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
         
 
   
      
 
 
Fig.3 Time dependences of a) electron concentrations – left and b) gas temperature – right, at 
power put W=3660 eV/(cm3 s). E, kV/cm. Dry air. 

 
In Fig 4a), b) one can see that increase of the velocity of ionization by fast electrons in dry air to 

values typical for geotectonic activity leads to quick (t<103s)  rise of the electron concentrations and the 
gas temperatures (up to 2500 K) at rather small values of the external electric fields E~1-5 kV/cm. The 
situation seriously changes in case of the humid air. Presence of additional channels of the electron 

a) b) 
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attachment and electron and ion recombination in case of W=144 - 3660 eV/(cm3 s) lead to rather 
complex temporary behavior of the electron concentration at E< 30 kV/cm (Fig 3a), b)). However, the 
gas temperature rises to values ~600-700 K at E~28-30 kV/cm. At E>30 kV/cm the gas heating leads 
to quick electron detachment and destruction of complex ions with decrease of complex negative ions 
formation, the ionization increases and the gas temperature increases with it (up to T~2500K).  

The situation seriously changes in case of the humid air. Presence of additional channels of the 
electron attachment and electron and ion recombination in case of W=144 - 3660 eV/(cm3 s) lead to 
rather complex temporary behavior of the electron concentration at E<30 kV/cm (Fig 5a), b)). However, 
the gas temperature rises to values ~600-700 K at E~28-30 kV/cm. At E>30 kV/cm the gas heating 
leads to quick electron detachment and destruction of complex ions with decrease of complex negative 
ions formation, the ionization increases and the gas temperature increases with it (up to T~2500K).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Time dependences of a) electron concentrations – left and b) the gas temperature – right, 
at  power put W=144⋅1012 eV/(cm3 s). E, kV/cm. Dry air. 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Time dependences of a) electron concentrations – left and b) the gas temperature – right, 
at  power put W=3660 eV/(cm3 s). E, kV/cm. Humid air. 

a) 

a) b) 
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Fig.6 Time dependences of a) electron concentrations -left and b) gas temperature right at power 
put W=144⋅1012 eV/(cm3 s). E, kV/cm. Humid air. 

 
The latter result shows that even at very small local electric field in conditions of humid air near 

mountains can be realized large ionized area, and there could be realized conditions for local gas 
heating and ignition of hydrocarbon objects. Namely this effect can be reason for appearance of 
mountain lights such as the Hessdallen lights observed in Norway [4] in conditions of local electric fields 
caused by the geotectonic activity.  

 
Role of sharpened objects  
We can estimate parameters of sharpened object near which increases the electric field 

ionization in a gas. For this purpose, let us use results of [7] on increase of local electric fields due to 
the polarization.  

According to [7] near tips of conducting spheroids in the electric one has kEE extsurf /=  , 

where  surfE - is the electric field strength at the tip of the spheroid and extE  is an external electric field 
strength. At that the coefficient depends on the ratio of the transversal b and a the longitudinal a size of 
the spheroid ( ( )/b a ( ( )/ 1b a << )) as:  

( ) ( )( )( )2 2/ ln 4 / / / 2 1k b a b a≈ ⋅ −  .  

 
Using this formula one can find the electric field of E=15 kV/cm, can be realized in the 

surrounding electric field E=0.45 kV/cm realized during the thunderstorm or geotectonic processes at 

( )/ 8a b ≈  , and  at ( )/ 12a b ≈ at E=30 kV/cm. This estimate shows that thin wires, needles, 
pieces of metal fittings and etc. can lead to local fast ionization with rise of the local temperature, i.e. 
they can be initiators of fires in the thunderstorm and geotectonic conditions. 

 
Conclusions 
Background states of dry and humid air under normal atmospheric conditions and under 

conditions of geotectonic activity are considered. 
Numerical simulation is performed, on the basis of which the concentrations of the main charged 

particles are determined under these conditions. 
The plasma concentration reaches values of the order of 103 cm-3 in normal air and 104 cm-3 under 
conditions of geotectonic activity. 

a) 
b) 
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Calculations of ionization parameters which can be realized during the thunderstorm and 
geotectonic activity show high levels of electron concentrations and gas temperature which can be 
realized at moderate electric fields. The local gas temperature reaches values of ~2500 K. At such 
temperature is possible an ignition of the hydrocarbon materials, flammable gases etc.  One has to take 
into account the role of sharpened objects. In particular, at the ratio of the longitudinal and transversal 
sizes of sharpened objects the strengthening of the electric field near the tip and the local ionization and 
gas heating will take place. They can lead to inflammation of hydrocarbon materials. Undertaken 
analysis has shown that in conditions of humid air near mountains in case of geotectonic activity can be 
realized ionization and detachment of electrons at low electric fields, which can lead to local gas heating. 
This can be a reason for appearance of Hessdalen lights.  
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