
IJECT Vol. 5, IssuE spl - 2, Jan - MarCh 2014

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  75

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

A Possible Mechanism for Solar Wind Forcing of 
Tropospheric-Ionospheric Coupling Driven 

by Global Thunderstorm Activity
1A. B. Bhattacharya, 2T. Das, 3B. Raha

1,2,3Dept. of Physics, University of Kalyani, Kalyani, West Bengal, India

Abstract
The paper shows a link between troposphere and ionosphere 
producing the global electric circuit. To investigate the mechanisms 
involved we have emphasized the Solar wind as a possible forcing 
parameter to drive the global thunderstorm activity. Effects on the 
tropospheric meteorological parameters and the changes of the 
ionospheric electron density have been taken into account.
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I. Introduction
The terrestrial ionosphere, a part of the upper atmosphere, is a 
cold magnetized plasma environment enveloping the Earth whose 
behavior can be described as ionospheric aeronomy. Due to the 
pervasive influence of gravity, the atmosphere and ionosphere are 
conventionally divided into layers based on the vertical structure 
of different parameters. The atmospheric structure can be clearly 
organized by a representative temperature profile, while the 
ionosphere is more sensibly organized by the number density of 
plasma. The concept of the Global Electric Circuit (GEC) provides 
the existence of a vertical atmospheric electric field and coupling 
between the ground and ionosphere. The Global Electric Circuit 
(GEC) is a system of quasi stationary electric current between 
the ground of the earth and the ionosphere driven by global 
thunderstorm activity which is considered as an electric generator 
providing the negative Earth potential in relation to the ionosphere 
and thus creating the potential difference between the ground and 
ionosphere (150 kV–600 kV). The downward return current closes 
the circuit in the areas of fair weather (Roble and Tzur, 1986). 
By convention, this downward electric current in fair weather 
regions of the globe is designated positive. Estimates of electric 
field penetration from thunderstorm clouds into the ionosphere 
(Park and Dejnakarintra, 1973; Hegai et al., 1990) clearly indicate 
(a) that the effectiveness of the electric field penetration into the 
ionosphere from the cloud altitude level is very low and (b) that 
the penetration is most effective during night time. 

II. Earth-Ionosphere Wave Guide Propagation
Fig. 1 reveals daily fair weather measurements made at Kew over 
14 years, of the conduction current density Jc and air conductivity 
σs. These were derived from independent Wilson apparatus 
measurements of Jcand the potential gradient, using Ohm’s Law. 
In the figure a locally-weighted fit line has been added (dashed 
line) and thereafter the expression of Harrison and Bennett (2007) 
is fitted (solid line).

Fig. 1: Daily Fair Weather Measurements of Current Density Vs. 
Conductivity

The conduction current density Jc is constant with height between 
the surface and the ionosphere (Chalmers, 1967) and so changes 
in Jc due to surface layer air conductivity effects are directly 
communicated to the ionosphere. In the ionosphere, the conduction 
current density is primarily due to the motion of electrons, which 
are highly mobile in comparison to ions. Jc is related to the electron 
concentration ne, and drift speed v, by
Jc = ne ve     (1)
For night-time conditions during which no photo-ionisation occurs, 
the electron concentration at 70-80 km altitude is ne ~ 1x107 m-3 
(Cummer et al., 1998; Friedrich and Rapp, 2009); assuming that 
Jc= 2pA m-2, v is therefore 4.5 km hr-1. By drift speed effects 
alone i.e. neglecting any other production and loss terms in the 
continuity equation, a 20% regional change in Jc would cause a ~ 10 
km variation between disturbed and fair weather regions after 12 
hours. The detection of such height changes could be made using 
remote radio frequency observations of the lower ionosphere. If 
the charge passing upwards slightly changed the effective position 
of the lower boundary of the ionosphere, the waveguide properties 
would be changed. This would modulate the waveguide cut-off 
frequency fc, given by Budden (1962) as
fc = c/2h      (2)
where h is the effective height and c the speed of light.This relation 
is plotted in fig. 2. The perturbations to h of ~ 10 km per 12 hours 
represent a ~ 13 % change in fc ~ 2 kHz, which would be readily 
detectable. 
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Fig. 2: Variation of the Cut-off Frequency for Earth-ionosphere 
Waveguide Propagation (Equation 2), as a Function of the Height 
of the Ionosphere

III. Thunderstorm Electric Generator and the Global 
Electric Circuit
Irregularities of the order of 10 degrees in latitude and longitude 
(Pulinets and Depuev,2003) create an essential difference in 
vertical current of the Global Electric Circuit (GEC). In Figure 
3, the global electric circuit has been presented in the form 
of equivalent electric circuit. Considering that the Planetary 
Boundary Layer (PBL) contributes 95% of columnar resistance 
(Roble and Tzur,1986) as indicated by the variable resistor in 
Fig. 3, it appears that the variation of the PBL resistance will 
cause a modulation of the ionospheric potential over the area. In 
the global electric circuit presented in Figure 1, RBL, RT, RS, 
and Ri represent resistances of the boundary layer, troposphere, 
stratosphere and internal resistance of the thunderstorm electric 
generator respectively

Fig. 3: Schematic Presentation of the Global Electric Circuit

Some sources like dust storms, thunderstorms, volcano eruptions, 
earthquakes and radioactive contamination may be considered 
responsible for significant electric field variations at the ground 
level. At the time of the formation of dust storm a maximum 
deviation of potential gradient has been noted from + 15 kV/m 
up to -10 kV/m (Kamra, 1972). A spatial type of electrical charge 
appears as a result of dispersion and friction of dust particles and 

attachment of small ions to them. Volcanic activity can be the 
reason of variability of an electrical field too when huge amount of 
ashes and other particles is thrown out into the atmosphere. It has 
been reported that uncompensated charge of dust cloud can cause 
a thunderstorm (Kolokolov and Shalagina, 1978). Perturbations 
of the ground level electrostatic field of the order of 1000 V/m 
are frequently found before earthquakes in the regions of tectonic 
faults (Vershinin, 1997). All these processes contribute on the 
level of ionization rate in the atmosphere and hence it is possible 
to consider the sources of ionization as a generator of a local 
electric field. Atmospheric layer situated at about 60 km to 100 
km altitude can be defined as a transition region, where different 
fundamental physical mechanisms coexist, showing complicated 
atmospheric characteristics. It may be pointed out that the lower 
ionosphere exhibits not only a solar but also a strong non-solar 
control which is partly of meteorological in nature.

IV. Sources Responsible in Tropospheric-Ionospheric 
Coupling Processes
There are at least three independent ways by which the solar wind 
modulates the current density (Jz) flowing in the global electric 
circuit. These are (i) changes in the galactic cosmic ray energy 
spectrum, (ii) changes in the precipitation of relativistic electrons 
from the magnetosphere, and (iii) changes in the ionospheric 
potential distribution in the polar caps due to magnetosphere-
ionosphere coupling. The current density (Jz)that is flowing 
between the ionosphere and the surface generates space charge 
concentrations and the conductivity gradient. The gradients are 
large at the surfaces of clouds and space charge concentrations of 
order 1000 to 10,000 elementary charges per cm3 are generated at 
cloud tops (Svensmark and Friis-Christensen, 1997). It has been 
suggested that ionization produced by cosmic rays increases the 
production of condensation nuclei at upper tropospheric levels 
and so affects the concentration and size distributions of cloud 
particles (Svensmark and Friis-Christensen, 1997). Sources that 
play a role in tropospheric-ionospheric coupling processes are 
shown in fig. 4.

Fig. 4: Sources Responsible in Tropospheric-ionospheric Coupling 
Processes 
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The majority of the more persuasive existing observations fit within 
one of these frameworks are summarized in Table 1. However, there 
has been no confirmed theory yet which convincingly explains the 
linkage of pre-seismic surface changes to the ionosphere.

Table 1: Summary of Proposed Surface-Ionosphere Coupling 
Mechanisms

Mechanism Supporting 
Observation Example References

Electromagnetic: 
Before the 
earthquake, direct 
emission of radio 
waves occur

VLF radio 
anomalies

Fujiwara et al. 
(2004)
Ohta et al. (2002)
Schekotov et al. 
(2007)

UHF/VHF 
telemetry 
disturbances

Nagamoto et al. 
(2008)

Acoustic: 
Excitations of 
atmospheric 
oscillations 
propagating 
upwards to the 
ionosphere

F-region 
ionospheric 
effects 
attributed to 
gravity waves

Hegai et al. (2006)

Pre-seismic 
emissions: 
Emissions due 
to rock motion 
stimulate the total 
electron density in 
the ionosphere

Atmospheric 
electric field 
variations

Kondo (1968)
Kamogawa et al. 
(2004)

Changing infra-
red emissions 
from surface, 
suggesting 
release of gas

Surkov et al. (2006)

Over the 
horizon VHF 
emissions, 
suggesting 
changed 
properties of air

Hayakawa et al. 
(2006)
Yonaiguchi et al. 
(2007)

Total 
ionospheric 
content 
variations

Naman et al. (2002)

Emission of 
ions from rock 
stresses

Freund et al. (2006)

With these results one can try to construct the model of 
interconnected electromagnetic and plasma disturbances 
developing in the ionosphere under influence of seismic process. 
Diagram of the processes forming the atmosphere–ionosphere 
coupling is shown in fig. 5 considering eight different steps, Step 
I to Step VIII, as illustrated below.

Fig. 5: Diagram of the Processes Forming the Atmosphere–
Ionosphere Coupling

The meridional section of the global electric circuit, with about 25 
times vertical exaggeration is illustrated in fig. 6(a). The arrows in 
the figure represent the flow of current density for which the main 
generator is tropical thunderstorms. The ionosphere-earth current 
density Jz of 1-4 pA m−2 is driven by the ionosphere-earth potential 
difference Viof about 250 kV acting across the vertical column 
resistance at each location. .A review of the global electric circuit 
is given by Bering et al.(1998) following an earlier comprehensive 
reviews by Israël (1973) and NAS (1986). The global integral 
of Jz constitutes the return current and is equal to the charging 
current. At any location on the globe Jz is given by the product 
of the overhead ionospheric potential VIand the resistance of the 
vertical earth-ionosphere column: 

     (3)
where z is altitude and σ (z) is the conductivity, which increases 
strongly with altitude in clear air, except within the layer of mixed 
air in the lowest one or two km over land.

Fig. 6(a): Illustration of Meridional Section of the Global Lectric 
Circuit
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Fig. 6(b): An Equivalent Circuit With the Only Horizontal Variation 
Due to Magnetic Latitude

A simplified equivalent circuit with the only horizontal variation 
due to magnetic latitude is shown in fig. 6(b). In this equivalent 
circuit the ionosphere-earth return path is divided into a low 
latitude branch with relatively small variations due to solar wind 
inputs and a high latitude branch with variations in the inputs at 
least several times greater. 
The solar wind modulated inputs can affect Jz either by varying σ 
(z) in the troposphere and lower stratosphere, or by changing Vi, 
especially in the polar regions. Both Vi and σ (z) have systematic and 
irregular natural variations and the small scale chaotic variations 
of σ (z) in the mixing layer make it complicated to measure at low 
altitude sites. It is possible also that the thunderstorm charging 
current and Vi are affected by the small (3–6%) changes in the 
cosmic ray flux in the equatorial regions by solar wind variations. In 
fig. 6(b) we have shown an equivalent circuit for the global circuit, 
with the only horizontal variation due to magnetic latitude and 
with the return path divided into one representing the high latitude 
regions and another representing the low latitude regions. We 
have divided the vertical column resistance integrated over either 
part into tropospheric (RT) and stratospheric (RS) components. 
The high latitude path is subject to the influences of solar wind 
at least several times stronger than the low latitude path. The 
latitude gradient in the modulation of vertical column conductivity 
redistributes Jz between the high and low latitude return paths. 
The cosmic ray flux variations modulate σ (z) between about 2 km 
and 60 km altitude. The relativistic electron flux and associated 
bremsstrahlung appear to affect Jz by modulating σ (z) between 
about 20 km and 60 km during episodes of high stratospheric 
resistivity RS. 
We have suggested a simple mechanism coupling emanations 
to the electron density in the lower ionosphere. The coupling 
occurs through changes of the downward directed conduction 
current density flowing in the global atmospheric electrical circuit 
in fair weather regions (Rycroft et al. 2000). Local modulation 
of the conduction current density can arise through changes in 
the surface layer air conductivity. The continuous nature of the 
conduction current allows coupling to the ionosphere of surface 
radioactivity changes, wherefrom changes occur in the local rate 
of charge transfer to the ionosphere. 

Fig. 7 depicts the proposed coupling concept indicating distinctly 
that a local current density Jc flows between the ionosphere and 
the surface in fair weather regions, as a result of the potential 
difference VI between the ionosphere and the surface, maintained 
by generators in the global atmospheric electrical circuit. The local 
current flowing depends on the local columnar resistance Rc, which 
has significant contributions from the lowest atmosphere and the 
Free Troposphere (FT), and a small (~ 7 %) contribution from 
the stratosphere (Rycroft et al., 2007 ). Changes in the resistance 
of the atmospheric boundary layer (BL), through the release of 
radioactive gases into the surface layer, modify the total columnar 
resistance and hence modify the conduction current flowing. This 
modifies the charge transferred to and from the ionosphere.

Fig. 7: Schematic Diagram Showing the Current Flowing Between 
the Ionosphere and the Earth’s Surface

Surface layer conductivity significantly contributes on atmospheric 
electricity. The global atmospheric electrical circuit links charge 
separation in disturbed weather regions with current flow in fair 
weather regions (Rycroft et al., 2000, 2007). This occurs as a 
result of current flow through the ionosphere and the Earth’s 
surface (Rycroft et al., 2008). The ionosphere at ~ 80km altitude 
is typically maintained at a positive potential of ~ 250kV with 
respect to the surface by the integrated effect of disturbed weather 
activity globally, such as thunderstorms and shower clouds. Finite 
conductivity of atmospheric air leads to a small “conduction” 
current density (Jc) flowing between the surface and the ionosphere 
in fair weather conditions, which is typically ~ 2 pAm-2. The 
current density flowing locally is determined by the ionospheric 
potential VI and the electrical resistance of the vertical column of 
atmosphere between the surface and the ionosphere. The resistance 
of a unit area atmospheric column is known as the columnar 
resistance, Rc, which is ~ 100 –170 PΩm2 (Rycroft et al., 2008).
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