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Introduc tion 

 

 

The proposed research aims at achieving an understanding of the space weather 

effects on conducting structures inside the Earth and on the surface electric field, with 

applications to a better knowledge of the internal structure of the Earth at continental 

(Europe) and country scales, on one hand, and to estimating the geophysical hazard of space 

weather at midlatitudes, on the other. The main objectives are:  

1. To derive the magnetic and electrical properties of the terrestrial lithosphere and 

mantle at continental and Romanian territory scales;  

2. To analyze solar eruptive processes and solar wind components responsible for 

geomagnetic hazardeous activity (geomagnetic storms and substorms) in the time interval 

1964-2014;  

3. To model the geoelectrical field at the Earthôs surface as produced by various 

magnetospheric and ionospheric current systems; 

4 To evaluate the geophysical hazard for technological networks associated to 

variations of the geoelectric field during geomagnetic disturbances linked to the 

interaction of solar coronal mass ejections and high speed streams with the 

magnetosphere.  

 

The initial contract underwent alterations because of budget cuts, so for 2015, according 

to the additional agreement signed with UEFISCDI, the objectives read:  

- Determination of magnetic and electric structure of terrestrial lithosphere and 

mantle at Romanian territory and European continental scales; 

- Analysis of solar eruptive processesand solar wind, responsible for the 

hazardeous geomagnetic activity (geomagnetic storms with  -150 < Dst < -50 nT), 

in the solar cycle 23; 

- Modeling of geophysically induced currents (GIC) by geomagnetic storms 

produced by solar eruptive phenomena, stage 2015; 

- Preparing the research report and dissemination of results. 

 

 The research report for the stage 2015 is structured in chapters, according to the work 

plan, as follows: 
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In Chapter I, entitled "New geomagnetic and magneto-telluric measurements in 

Romania" the geomagnetic measurements carried out in 2014 at the 26 repeat stations of the 

National secular variation network and at the Surlari geomagnetic observatory, as well as the 

results of two magneto-telluric determinations carried out in the Vrancea active seismic 

zone, are described.   

In Chapter II , entitled "Magnetic and electric structure of terrestrial litosphere 

and mantle at Romanian territory and continental scales. Improving the resistivity 

model based on the new determined values", two models of the distribution of electric 

properties of lithosphere and mantle are presented, one for the European continent, using 

data from the geomagnetic observatory network and data for a number of geomagnetic 

storms, and a second one, for the Romanian territory, using magneto-telluric measurements. 

In the first case the magnetic/electromagnetic induction model, previously devised by 

research team members, was used. In the second case the electric structure of the crust on the 

Romanian territory is presented, as a block model with vertical variation of the electrical 

resistivity in each block.  

In Chapter III , entitled "Analysis of solar eruptive processes and of solar wind, 

responsible for the moderate geomagnetic activity (geomagnetic storms with minimum 

Dst between -50 nT and -150 nT) during solar cycle 23", Solar eruptive processes and 

High speed streams in the solar wind that generated moderate geomagnetic storms in the 

solar cycle 23 are presented. The effects of the mentioned processes on the magnitude of the 

storm characterized by the geomagnetic index Dst have been studied by means of a 

correlation analysis of this index with several quantities that characterize the two types of 

processes (speed of the coronal mass ejection,     the kinetic energy of the coronal mass 

ejection, the product of the speed and the associated magnetic field, the speed of the solar 

wind high speed stream, the product of the speed and the associated magnetic field, the speed 

jump that characterize the high speed stream). 

In Chapter IV, entitled "Modelling of geophysically induced currents (GIC) by 

geomagnetic storms produced by solar eruptive phenomena, stage 2015", results for the 

European continent are presented, in case of nine intense storms of the solar cycle 23 (Dst<-

150 nT), based on recordings provided by the 29 European geomagnetic observatories of the 

INTERMAGNET project. For the case of the most intense storm in the solar cycle 23, the 

November 20-21, 2003 one, with Dst = -422 nT, a study of the sources of the geomagnetic 

variations recorded by observatories (ionospheric and magnetospheric currents), as well as a 

study on the evolution of the induced electrical field  by the storm time geomagnetic 
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variations were undertaken. A result concerning the geographical distribution of the 

maximum electric field induced by each of the magnetic storms of the study is presented as 

well.  

In Chapter V, entitled òDissemination of resultsò, the list of published papers and of 

papers presented at scientific meetings during the year 2015 is given. The web page of the 

project has been updated. The address is: http://www.geodin.ro/IDEI2011/engl/index.html. 
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Chapter I. New geomagnetic and magneto-telluric measurements in Romania 

 

1.1. Geomagnetic measurements 

The geomagnetic measurements were taken at the 26 repeat stations that compose the 

so-called The National Secular Variation Network, as well as at the Surlari Geomagnetic 

Observatory. The field measurement campaign took place in the time intervals 05.08-

19.08.2015 and 25.08-03.09.2015. In Fig. 1.1.1 the way the territory has been covered during 

this campaign is illustrated.  

Determinations of the horizontal component H, total field intensity F, magnetic 

declination D, and magnetic inclination I have been carried out. In parallel with the absolute 

measurements, recordings of the field evolution, through the four elements X, Y, Z, and F, have 

been carried out. A DI-Flux LEMI 024 theodolite, two QHM magnetometers, a Geometrics G-

856 and a recording LEMI-18 fluxgate magnetometer have been deployed.  

The determined values were corrected for the diurnal variation and reduced to the time of 

the first reading of the series of determinations stipulated in the measurement protocol, by means 

of continuous recordings provided by the Surlari geomagnetic observatory. Then the values were 

processed to obtain values for the middle of the year 2014 (the geomagnetic epoch 2014.5), 

having in view the delay of about one year that affects observatory annual mean values against 

which the field data are reduced. In Fig. 1.1.2 the maps of the geographical distribution of the 

geomagnetic elements H, Z, D, and F are presented, reduced to the epoch 2014.5 for which the 

necessary data from the Surlari geomagnetic observatory were the definitive ones. 
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Fig. 1.1.1. The way the station network was covered in the time intervals  

05.08-19.08.2015 (above) and 25.08-03.09.2015 (below) 
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Fig. 1.1.2. The geographical distribution on the Romanian territory of the geomagnetic elements H, D, 

Z, and F at epoch 2014.5 (measurements carried out in 2015). The repeat stations of the National 

secular variation network are marked by symbols 

 

 

1.2. Magneto-telluric measurements 

 

1.2.1. Magneto-telluric measurements ´n the Vrancea active seismogenic area, Buzau 

county 

        To get information on the vertical distribution of the electrical resistivity, during 

September ï October 2015 two magneto-telluric soundings (MTS1 and MTS2) were carried 

out in the Vrancea active seismogenic area, in the vicinity of LopŁtari and VintilŁ VodŁ 

localities (Fig. 1.2.1).  
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Fig. 1.2.1. Location map for the two mageto-telluric (MT) stations (MTS1-Lopatari and MTS 2- 

VintilŁ VodŁ) in the active Vrancea seismic area; green, yellow and red circles stand for epicentres of 

earthquakes occurred in 2015 (modified after INFP) 

 

1.2.1.1. Methodology of acquisition, processing, modelling and 1-D inversion of 

resistivity curves 

        A multi-channel magnetotelluric system (GMS-06) produced by METRONIX company, 

Germany, was used. The central unit ADU-06 has 5 channels at which 4 un-polarized sensors for 

electric field recording and 3 magnetic sensors (induction coil) for magnetic field recording are 

connected. To get information at a crustal level, the recording of magneto-telluric series (Ex, 

Ey, Bx, By ĸi Bz) took approximately 20 days, and the frequency range recorded was of 

10Hz - 5.10
-4

 Hz. 

        The observation data are stored either in the internal ñflashdiskò memory, or directly on 

the control computer (Laptop) HDD, on which the MAPROS code is installed. This code 

runs under Windows 95 and controls the following operations:  

1. Semi-automatic settings of  Ex, Ey, Hx, Hy, Hz sensors; 

MTS 1 

MTS 2 
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2. Real-time data acquisition and processing;  

3. Robust estimation of the magnetotelluric transfer functions Zxy, Zyx and of the geomagnetic 

transfer functions Txy ,Tyx;  

4. Real-time time series representation for resistivity and phase curves for MTS1- LopŁtari 

(Fig. 2.2.2) and MTS2- VintilŁ VodŁ (Fig. 2.2.3). 

 

 

 

Fig.1.2.2. Resistivity (upper plot) and phase (lower plot) distributions versus frequency for 

MTS1-LopŁtari 
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Fig. 1.2.3. Resistivity (upper plot) and phase (lower plot) distributions versus frequency for 

MTS2- VintilŁ VodŁ 

 

 

 

1.2.2. Results 

              The vertical distribution of resistivities at the two measurement locations were 

obtained by means of a 1-D inversion code. The results are presented as a single model (Fig. 

1.2.4) for both magneto-telluric soundings, as the resistivity curves in the two case are 

similar, reflecting a near identical geological structure, characteristic to the foreland of the 

Eastern Carpathins bending zone.  

The model has been obtained after several iterations, by means of the IPI inversion 

code, and represents most probably the real image of the geological structure in the 

investigated area (The foreland of the Eastern Carpathians bend), as there is only 2% 

difference between experimental and calculated response functions. According to the Fig. 

1.2.4 caption, the model shows the following thicknesses: approximately 9 km for the nappe 

system of the Carpathian flisch; 4.6 km for the sedimentary cover of the Moesian Platform; 

27 km for the crystalline basement. The corresponding resistivities are: 3100 ɋm, 120 ɋm, 

400 ɋm. A low resistivity of 0.4 ɋm is associated to the transition crust ï upper mantle.  In 

the study area the crust is approximately 40 km thick, in agreement with data for the Vrancea 

area (Stanica et al., 2004). 
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Fig. 1.2.4. 1-D model for MTS1and MTS2; N-number of layers, r- apparent resistivity, h-layer 

thickness, d- depth, S-conductance 
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Chapter II. Magnetic and electric structure of terrestrial litosphere and mantle at 

Romanian territory and continental scales. Improving the resistivity model based on 

the new determined values 

 

2.1. Model at the European continental scale, based on analysis of intense geomagnetic 

storms in solar cycle no. 23 

 In the previous stages of the contract we used the so-called Ămagnetic and 

electromagnetic induction mehodò, previously worked out by the contract team members, to 

the case of a major geomagnetic storms of the solar cycle 23, more precisely for 9 of them, 

illustrated in Fig. 2.2.1 by means of the geomagnetic index Dst.  In the stage report for the 

year 2014 the study was done for the six days encompasing the storm. The results we 

obtained determined us to continue the study using only the main phase of the storm, 

developing in only 6 to 13 hours. We remind that 1-minute recordings from the 29 European 

observatories included in the INTERMAGNET network were used for the study. The 

principle of the method is shortly explained in the following.  

 

2.1.1. The principle of the magnetic induction method 

The method used in the present work (see the Phase 2013 report) is based on the 

observation that an external variable field induces inside the Earth variable magnetic fields 

not only through electromagnetic induction in conductive structures of the crust and mantle, 

but also by magnetic induction in rocks above the Curie temperature.  In the pure magnetic 

induction case, the temporal variation of the field components at a certain observation point 

is given by a linear combination of the components of the inducing magnetic force. The 

calculated values of the model represent the component of the observed signal produced by 

pure magnetic induction, while the residuals contain the information related to the 

electromagnetic induction in the Earth at the given point. The model coefficients can be 

determined by a least squares procedure and mapped, resulting in images of the lateral 

(geographical) distribution of magnetic properties that characterise the rock volume above 

the Curie temperature (generaly the crust).  

In case of electric properties of crust and mantle, the residual of the induction model 

for the vertical component of the field is used. The latter responds to the electromagnetic 

induction in the electrically conducting crustal and mantle structures to a greater extent than 

the horizontal component. As the induction electromotive force is given by the negative time 
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derivative of the inducing magnetic field, the latter should correlate with the observed 

residual. The working relationship is:      

 

)()()( tZrezRtrezZLtZsursa Ö+Ö=- ## , 

 

where sursaZ#-  is the negative time derivative of the vertical component produced by the 

inducing source, and Zrez is the residual of the induction model applied to the Z component 

recorded at the observation point. L and R, the electrical inductance and, respectively, the 

resistance that characterise the crust and mantle under the given observatory, can be 

determined for each observatory by means of the least squares method, for the given time 

interval. Mapping of the obtained values reflects the lateral distribution of the Earth interior 

electric properties. The mapped values are relative, the maps reflecting, as was also the case 

of magnetic properties of the crust (the 2012 Report), lateral variations of the parameters L 

and R, not real (absolute) values. Also, the obtained information regards a large depth range, 

from the surface to mantle depths, as a function of the penetration depth of the external 

disturbance.  

 

2.1.2. Results 

 In Fig. 2.1.1 the nine storms included in the study are presented, and in Fig. 2.1.2 the 

obtained results, as maps of normed values of the resistance R calculated using Dst and 

recorded disturbing field values. Significant differences between maps can be noticed, that 

for now we put on the different depth penetration of the electromagnetic signal produced by 

the corresponding storms. We have in mind the different time interval length of the storm 

main phase (marked on the figure), on one hand, and different morphologies of the main 

phase, on the other.       

 

 

 

 

 

 

 



15 

31.03.2001
11.04.2001 6.11.2001

24.11.2001 30.10.2003
20.11.2003

7.11.2004

15.05.2005

24.08.2005

 

Fig. 2.1.1. The variation of the Dst geomagnetic index for the analysed geomagnetic storms 

 

 

Fig. 2.1.2. The geographical distribution of the R parameter, calculated for the main phase of the 

storm. Duration: ¶ 6 hours; ƴ 10 hours; ƺ 13 hours  


