
 

Study of plasma density variations during the Central Iran Earthquake 

 
S. Sarkar1, A.K. Gwal1, M. Parrot2 

 

 

1 Space Science Laboratory, Department of Physics, Barkatullah University, Bhopal-462026, India 
email – shivalikasarkar@gmail.com 

 
2 LPCE/CNRS, 3A Avenue de la Recherche Scientifique, 45071 Orléans Cedex 2, France 

email – mparrot@cnrs-orleans.fr 
 

 
 

Abstract 
 
This paper discusses plasma density variations (electron density and ion density) simultaneously observed for 
Central Iran earthquake in the mid latitude region. Data has been taken from the French micro-satellite DEMETER 
(Detection of Electromagnetic Emissions Transmitted from Earthquake Regions) which was launched on June 29, 
2004. The DEMETER in-situ measurements show the presence of electron and ion density irregularities near the 
epicenter of the earthquake. These perturbations were recorded by the ISL (Langmuir Probe) and IAP (Thermal 
Plasma Analyzer) experiments onboard DEMETER. The repetitiveness of the perturbations close to the epicenter is 
shown for this event. 
 

1. Introduction 
 
Many results have been published demonstrating the presence of ionospheric anomalies prior to earthquakes. In 
spite of several results published, the database collected is not sufficient to consider the events as ionospheric 
earthquake precursors. Only single parameter measurements have been taken up until now like the changes in 
electron density, electric field or ion density prior to earthquakes. The electron density measurements need to be 
supplemented by temperature and composition measurements to reveal the nature of seismo-ionospheric variations. 
The only way to proceed in the right direction is to carry out regular satellite observations in the ionosphere with 
highly sensitive measurements over seismically active and quiet regions supported by ground operations. This will 
allow to create a sufficient database for statistical study of the seismo-ionospheric effects. It is with this purpose that 
the French micro satellite DEMETER was launched on June 29, 2004 and its main scientific objective is to detect 
anomalous variations of the ionospheric parameters, which could be related to seismic activity. If it can be shown 
that such perturbations are real and systematic they could be considered as short-term precursors, occurring between 
a few hours and a few days before the earthquakes. The DEMETER experiments which are used in this paper are 
briefly described in section 2. The database which will be built up during this mission will allow us to perform 
statistical analysis, which will be helpful in reliable detection of ionospheric changes before earthquakes. Meanwhile 
it is necessary to study individual events to check the types of ionospheric variations, which can be observed.  
 

2. Results and Discussion 
 
The seismic event discussed in this paper is the earthquake of Central Iran which occurred on Feb.22, 2005 at 
02:25:26 UT. The magnitude of this earthquake was 6.4, the depth = 42.4 km and the epicenter was located at 
Geographic Lat. = 30.7ºN and Geographic Long. = 56.8ºE. The electron and ion density variations are studied using 
the Langmuir Probe Instrument (ISL) and the Plasma Analysis Instrument (IAP). Data is available through a web 
server dedicated to this mission (http://demeter.cnrs-orleans.fr).  To check if the observed variations are not related 
to normal ionospheric behaviour we have selected a larger time interval (from January 28, 2005 up to February 28, 
2005) and analyzed the electron and the O+ ion densities. To take into account the orbits of the spacecraft which 
regularly shift in longitude from one day to another, the data are considered in a latitudinal interval of 24°-36° and a 
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longitudinal interval of 45°-70° selected around the earthquake epicentre. Figure 1 shows the latitudinal variation of 
the electron density during daytime (10.30 LT). Interestingly variation (see change in the color coding) in electron 
and ion density is observed near the epicentre from February 7 (day 11 in the plot) onwards. Such changes were 
observed on consecutive days and continue up to February 22 the day of the shock indicated by an arrow on the left 
of Figure 1. During the same days, fluctuations were observed in the density of the O+ ion near the epicenter shown 
in Figure 2 which represents the normalized variation of the ion density dNi/Ni as function of the latitude and the 
days. Nothing similar is observed after the quake and three weeks before. The transition in electron density values 
occurs near (30.74°N, 60.03°E). The magnitude of change (∆Ne/Ne) from the undisturbed state is ~20%. Ion density 
(O+) fluctuations (maximum ∆Ni/Ni ~ 6%) are obtained near the epicentre.   
 

 
Fig. 1 Electron density Ne as function of days from January 28 to February 28, 2005 around 10:30 LT and 
latitude. The values are color coded with respect to the scale on the right. The white horizontal lines indicate 
days without data. The arrow on the left indicates the day of the earthquake.  
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Fig. 2 Normalized variation of the ion density (O+) as function of days from January 28 to February 28, 2005 
around 10:30 LT and latitude. The values are color coded with respect to the scale on the right. The white 
horizontal lines indicate days without data. The arrow on the left indicates the time of the earthquake.  
 
 
The above observations show that the perturbations in electron and ion densities were observed close to the 
epicenter of Central Iran earthquake few days before. [1] had demonstrated how the seismic electric field can 
penetrate into the ionosphere. This electric field leads to the formation of irregularities in the ionosphere and thereby 
affecting the electron density distribution in the ionosphere [2]. Even small changes of ionospheric electric field can 
substantially modify the concentration of O+ at heights of the F2 layer maximum before earthquakes [3]. They have 
reported several examples in which modification of the O+ ion and of light ions H+ and He+ were found above the 
region of anticipated earthquakes. 
 

 
3. Conclusion 

 
In this paper we have shown interesting example of variation of plasma parameters recorded when the satellite was 
flying over the region of anticipated earthquake. These perturbations were observed consecutively when the satellite 
was close to the epicenter of future earthquake. One of the most intriguing and promising results of local plasma 
parameter measurements is the change in electron and ion composition before earthquakes over the earthquake 
preparation zones. In the case study presented in this paper the variation of these parameters were observed close to 
the location of epicenter. More importantly these observed variations are considered as changes before earthquakes 
and their repetitiveness has been shown. A comparison with a long-term variation of the same ionospheric 
parameters in the earthquake area shows systematic fluctuations close to the epicenter. 
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