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Abstract 

The measurements of atmospheric electric conductivity along with selected meteorological 

parameters was carried out at Bengaluru, an urban site in southern India (12.96° N, 77.56° 

E) during January-December 2015 to understand the electric nature of urban air.  During the 

study period, well defined diurnal variation of conductivity was observed with higher values 

before sun rise and lower values during afternoon hours.  For most of the fair weather days, 

variations in conductivity show a strong correlation with relative humidity and anti-

correlation with ambient temperature. The monthly mean values of conductivity show 

highest values in winter and lowest in monsoon and interestingly a positive Pearson’s 

correlation coefficient of +0.5 was found between measured alpha ionization energy and 

atmospheric conductivity during the study period. 
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1.   Introduction 

Since the last eighteenth century, the studies on electric nature of Earth’s atmosphere, i.e., 

ion number density, air earth current, vertical electric field and air conductivity have been 

continually investigated, due to its relevance with local climate system and the strong 

connection with global solar terrestrial activities [1-4]. With reference to the altitude, the 

electric conductivity of air gradually grows from ~10
−15

 to ~10
−10 

Sm
−1

, while the vertical 

electric field decreases from ~10
2 

to ~10
-2

 Vm
−1

 from ground level to upper stratosphere.   

Electric conductivity of the atmosphere, which characterizes its ability to conduct an 

electric current, is mainly due to cosmic rays, UV radiations and radioactive isotopes [5].  

The contribution of cosmic rays and UV radiation is dominant above troposphere and the 

variation in ionization of air near the ground is mainly due to alpha particles during 

radioactive decay of 
222

Rn and its progenies. 
222

Rn is an inert and naturally occurring 

radioactive gas with a half-life of 3.823 days (descended of radioactive parent nuclei 
238

U) 

and due to its chemical inertness, the only sink of 
222

Rn is its decay to daughter nuclei.  

The principal decay modes and half-lives of radon, its short-lived daughters are 
222

Rn-α, 
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3.823 days; 
218

Po-α, 3.05 min; 
214

Pb-β, 26.8 min; 
214

Bi-β, 19.7 min; and 
214

Po-α, 2x10
-4

s, 

among which the alpha emitters are main contributors for the ionization of air.  The 

ionization leads to formation of small ions which further interact with different sized 

aerosols and pollutants [6-8].  

 The extensive studies have been carried out on ion-aerosol interaction because of 

their importance in climatic processes. The important motivation for the study of 

atmospheric electricity parameters, like air earth current, electric field and atmospheric 

conductivity, is to determine what extent the global electric circuit is a forcing effect on 

climate [9] and to understand a physical link between solar and geophysical change with 

the Earth’s climate. A feedback of the global circuit-climate interaction exists as increased 

global surface temperature is expected to cause an increase in convection and therefore 

global thunderstorm activity.  Measurement of the atmospheric electricity parameters may 

therefore provide insight into global climate change, providing the only method of global 

climate monitoring to use a single point on the Earth’s surface. 

 It is well established that the atmospheric electrical quantities are sensitive to aerosol, 

which can provide aerosol ultrafine particle spectrum that no other optimal method can 

provide. Intergovernmental Panel on Climate Change (IPCC) highlighted that atmospheric 

aerosols significantly interact with cloud as well as their geographical and vertical 

distribution (IPCC Working Group I Report, 1995). So if the electrical parameters are 

known for a site, there is a significant possibility of retrieval of information about aerosol 

concentration. Hence, measurement of atmospheric electricity may provide a further 

method of studying global aerosol profiles as well as improving the understanding of 

aerosol-cloud interactions, as the charge associated with atmospheric electrical processes 

is expected to modify aerosol-cloud microphysics and affect the formation of clouds 

[5,10]. Hence, a general motivation of this study is to analyse the variations in measured 

atmospheric electrical parameters with meteorological parameters of climate of single 

location. Hence, the experimental results of fair-weather atmospheric air conductivity (σ+) 

with reference to selected meteorological parameters conducted at a metropolitan city 

Bengaluru (12.96 °N, 77.56 °E) during 2015 is presented.  

2. Site Description and Experimental Methodology 

The air conductivity (σ+) measurements were carried out at Atmospheric and Space 

Science Research (ASSR) laboratory located at Jnanabharathi campus of Bangalore 

University, southern part of India and meteorological parameters was received from two 

towers installed for micro-meteorological studies near the observatory. The campus is 

covered with moderate forest area and there is no direct source of air pollution in the 

immediate vicinity of this location, makes it an ideal place for the measurements of 

atmospheric electric parameters.   

 Atmospheric air conductivity was measured using an aspirated Gerdien condenser 

[11-16], consisting of two identical cylindrical tubes of 10 cm diameter and 41 cm length 

joined by a U-shaped tube. The air was sucked in with a single fan and the shape of 

Gerdien condenser ensures that the flow of air is laminar, because turbulence flow can 
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distort the accuracy of measurement.  The inner co-axial electrode in both the tubes is of 1 

cm diameter and 20 cm length. Opposite but equal potentials of ±35 V are applied to the 

outer electrodes of the two condensers. The potential applied to the outer electrode will 

repel the same polarity ions towards the inner electrode generating an electric pulse in 

both the pulses.  The critical mobility of the instrument is greater than 10
-4

 m
2
V

-1
S

-1
 and is 

capable of resolving the values of conductivity as small as 3×10
-16 

Ω
-1

m
-1

. In this paper 

only positive air conductivity measurements are analyzed along with meteorological 

parameters.  To understand the possible relation of σ+ with atmospheric radioactivity, 

Genitron made AlphaGUARD PQ 2000 PRO and alpha progeny meter data was 

simultaneously analyzed. AlphaGUARD PQ-2000PRO is a compact portable measuring 

system for the continuous monitoring of the radon activity and alpha progeny meter 

consists of alpha sensitive semiconducting microchip which measures the activity of alpha 

emitting radon progenies and total alpha ionization energy [16-18]. 

3. Results and Discussion 

The atmospheric electric conductivity measurements were conducted during fair weather 

days i.e., clear sky conditions with no convective activities are considered and presented.  

The variation of air conductivity with ambient gamma dose levels and selected 

meteorological parameters i.e., temperature, relative humidity, air pressure are presented 

in Figs. 1-4. In this study, σ+ has shown a pronounced diurnal variation within a day as 

reported for south Indian region [19,20]. 

 During the study period it was observed that stability of lower atmosphere strongly 

influenced the conductivity of lower atmosphere and during fair weather days, a well-

defined correlation exists for σ+ with relative humidity and negative correlation with 

temperature. For example, for a typical day in January 2015, a positive Pearson’s 

correlation coefficient (r) of +0.83 was found between σ+ and relative humidity where r = 

-0.75 was found between σ+ and temperature [21].  But the value of r is small for σ+ with 

air pressure and gamma dose rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Variation air conductivity with gamma dose. 



450 Atmospheric Electric Conductivity                                              

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig. 2. Variation air conductivity with temperature. 

                         

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

Fig. 3. Variation air conductivity with relative humidity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Figure 4: Variation air conductivity  

Fig. 4. Variation air conductivity with air pressure. 
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It is found that the values of ambient gamma dose were almost constant during 

observation period.  In Fig. 1, relatively small values of r between σ+ and gamma dose 

indicates that the changes in ionization rate is not due to gamma radiations but may be due 

to high energy alpha particles from 
222

Rn and its daughter nuclei.   

 The evolution of r for monthly mean values of σ+ with meteorological parameters is 

presented in Fig. 5. It is observed that, the highest value of r was found during winter 

months whereas lowest values are observed during monsoon months. This may be 

attributed to the reduction in σ+ values due to lesser activity of 
222

Rn and possible 

precipitation washout of radioactive aerosols during winter season [22-24].   

 During study period a small campaign was conducted to measure ionization energy 

from 
222

Rn and its alpha emitting progenies. The total alpha ionization energy was 

measured using Genitron made alpha progeny meter [18] and for a typical fair weather 

day the variation of σ+ with ionization energy is presented in Fig. 6.  It is well reported 

that, small ions generated due to ionization of atmospheric air attached themselves to 

neutral or charged aerosol/pollutant particles which leads to reduction in air conductivity 

values [21]. This may be the possible reason for small value of r = + 0.5 that exists 

between σ+ and ionization energy. The descriptive statistics of all the measured 

parameters are presented in Table 1. The measured means follow the trend as reported for 

south Indian region i.e., January and February, and may be attributed to higher activity of 
222

Rn, whereas lower values were observed during monsoon months [21].   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Evolution of r values for monthly mean values of σ+ with meteorological parameters. 

 

 

 

 

 

 

 



452 Atmospheric Electric Conductivity                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Variation of σ+ with ionization energy. 

 
Table 1. Descriptive statistics of all the measured parameters. 

 

2015 
Air conductivity 

σ+ (10-14 S/m) 

Std error 

on σ+ 

Temperature 

(°C) 

Relative  

humidity (%) 

Air pressure 

(mbar) 

Gamma dose 

(nSv/hour) 

January 2.79  0.09 25.48 58.75 920.80 188.42 

February 3.01 0.22 30.16 47.74 918.27 222.34 

March 1.30 0.03 29.40 52.49 921.12 225.97 

April 1.21 0.04 28.68 58.72 918.56 190.25 

May 0.70 0.04 26.84 66.76 917.31 190.55 

June 0.79 0.06 26.18 76.33 916.31 -------- 

July 0.38 0.00 26.41 72.82 917.19 191.16 

August 0.59 0.03 26.24 75.76 917.58 191.62 

September 0.69 0.04 26.50 75.62 918.16 191.40 

October 0.91 0.06 27.42 71.21 920.06 190.56 

November 0.90 0.05 25.42 75.40 919.64 191.65 

December 1.47 0.06 25.74 71.87 920.53 191.89 

Average 1.23 ----- 27.04 66.96 918.80 196.89 

 

4. Conclusion 

To study the electric nature of urban air, one year data set of air conductivity (positive, σ+) 

measurements along with meteorological parameters was analyzed.  It was observed that 

both temperature and relative humidity has strong correlation with atmospheric 

conductivity (σ+) and a positive Pearson’s correlation coefficient (r) of +0.5 was found 

between measured alpha ionization energy and air conductivity.  The mean values of σ+ 

show significant monthly variations with maximum in winter months and minimum 

during monsoon months as reported earlier for the similar environments.  
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